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ACRONYMS AND ABBREVIATIONS

approximately

Alaska Clean Seas

Alaska Eskimo Whaling Commission

Akaike’s Information Criterion

in Chapter 5: vector mean bearing (see Fig. 5.2 in Chapter 5)

in Chapter 6: statistical significance criterion, here usually set to P = 0.05.

Arctic Nearshore Impact Monitoring in the Development Area

American Piledriving Equipment

Autonomous Seafloor Acoustic Recorder

BP Exploration (Alaska) Inc.

Bowhead Whale Aerial Survey Program

Conlflict Avoidance Agreement

Continuation of Arctic Nearshore Impact Monitoring in the Development Area

centimeter (=0.394 inch)

Code of Federal Regulations

Cabled hydrophone

Confidence Interval

centimeter

Directional Autonomous Seafloor Acoustic Recorder

decibel, a logarithmic measure of sound strength

“A-weighted” decibel scale, for in-air sounds

degrees of freedom

Directional Frequency and Recording — a directional sonobuoy

DASAR location “EB” (2001-2007) = “C” (2008-2009), 14.9 km (9.2 mi)
northeast of Northstar

Environmental Impact Statement

Forward Looking Infra-Red

foot or feet (1 foot = 0.305 m)

Fish & Wildlife Service

Global Positioning System

Geological Survey of Canada

hectare

horsepower (1 hp = 0.75 kW)

hour

Horvitz-Thompson (see Chapter 6)

hertz, or “cycles per second”; standard measure of sound frequency

inch (=2.54 cm)

Incidental Harassment Authorization

Industrial Sound Index

Industrial Sound Index defined as the combined sound level in 5 specific one-

third octave bands, centered at 31.5-80 Hz; total bandwidth 28-90 Hz)

Industrial Sound Index quantifying the presence of tones in a sample of sound

Industrial Sound Index quantifying the presence of transient sounds (e.g., from a

boat) in a sample of sound
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L mean vector length (0 — 1 scale): a measure of variability in bearings (see Fig. 5.2
in Chapter 5)

LoA Letter of Authorization

kg kilogram (= 2.20 1b)

kHz kilohertz (= 1000 Hz)

km kilometer (1 km = 3281 ft, 0.62 land miles, or 0.54 n.mi)

knot nautical mile per hour (1 knot = 1.15 mph or 1.853 km/h or 0.52 m/s)

kW kilowatt (1 kW = 1.34 hp)

1b pound (= 0.454 kg)

LoA Letter of Authorization

m meter (1 m = 1.09 yards or 3.28 ft)

MHz Megahertz (=1,000,000 Hz)

mi land or statute mile (1 mi =1.61 km or 0.87 n.mi.)

min minute

MMPA Marine Mammal Protection Act

MMS Minerals Management Service, U.S. Dept. of the Interior

NMEFES National Marine Fisheries Service, NOAA, U.S. Dept. of Commerce

n.mi. nautical mile (1 n.mi. = 1.15 land miles or 1.853 km)

NMML National Marine Mammal Laboratory (a branch of NMFS)

NOAA National Oceanic & Atmospheric Administration, U.S. Dept. of Commerce

NRC National Research Council, (U.S.) National Academy of Sciences

NSB North Slope Borough

NWCA Nuigsut Whaling Captains Association

OBC Ocean Bottom Cable (a seismic survey technique)

oCS Outer Continental Shelf

OCSEAP Outer Continental Shelf Environmental Assessment Program

ODS Oooguruk Drillsite (Pioneer Natural Resources), offshore from Colville Delta

o/ offshore / inshore ratio (see Fig. 5.3 in Chapter 5)

OWA Oil / Whalers Agreement

P calculated significance level

Pa Pascal (a unit of pressure which equals 1 Newton/m?)

PLQ permanent living quarters

q.v. quod vide = which see

RC River-class (tugboat)

RL received level

rms root mean square (a type of average)

rpm revolutions per minute

§ Section

s second

SAC Science Advisory Committee, North Slope Borough

S.D. standard deviation

sec second (usually abbreviated herein as “s”)

SEL Sound Exposure Level (an energy-based measure)

SID Spy Island Drillsite (Eni US Operating Co.)

SNR Signal-to-Noise Ratio
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SPLTS
SPSDL
SPTS
SSDC
TK

pPa
USCG
USGS
USFWS

Sound Pressure Level

Sound Pressure Level Time Series
Sound Pressure Spectrum Density Level
Sound Pressure Time Series

Acronyms and Abbreviations

Single Steel (or Steel Sided) Drilling Caisson; = SDC, Steel Drilling Caisson

Traditional Knowledge

micropascal, a measure of pressure

U.S. Coast Guard
U.S. Geological Survey

U.S. Fish & Wildlife Service

yard (= 0.9144 m)
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EXECUTIVE SUMMARY

Introduction

Executive Summary

BP Exploration (Alaska) Inc. (BP) began constructing oil-production facilities for the Northstar
Development during early 2000, and began producing crude oil from the Northstar Unit on 31 October

2001. The Northstar Development includes production facilities on a gravel island 5 km

(3 mi) offshore

of the natural barrier islands and two pipelines connecting the island to the existing infrastructure in
Prudhoe Bay. One pipeline transports crude oil to shore, and the other transports natural gas to the island
for power generation and field injection. The main activities on the island include oil production, gas
injection, and power generation. Also present are a drilling rig, and facilities for waste grind and injec-
tion. The production facilities include gas turbine engines to operate power generators and gas compres-
sors. Transportation between the mainland and Northstar is primarily via ice roads in winter, hovercraft

and vessels in summer, and helicopters during the transitional seasons. Vessel and

helicopter use

diminished after BP began using a hovercraft in 2003. The Northstar Development is, to date, the only

offshore oil production facility in the Beaufort Sea north of the barrier islands.

This “comprehensive report” was prepared to meet BP’s reporting obligations under incidental take
regulations and associated Letters of Authorization (LoA) issued by the National Marine Fisheries Service

(NMFS).

The current regulations are valid for the period 6 April 2006 through 6 April 2011, and a

Comprehensive Report is required 240 days prior to expiry of those regulations, i.e., by 9 August 2010. A
previous Comprehensive Report addressed BP’s activities and monitoring work at Northstar up to 2004. The
present report concentrates on BP’s Northstar activities and the associated marine mammal and acoustic mon-
itoring projects from 2005 through 2009. However, monitoring work prior to 2004 is summarized, and plan-

ned activities at Northstar in 2010 are described.
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Executive Summary

BP’s business rationale for the marine mammal and acoustical studies was driven both by corporate
values and by regulatory requirements. BP supports studies that objectively assess environmental effects
that may result from BP operations. In addition, the monitoring work met BP’s obligations under the
regulations and LoAs issued by NMFS, and additional BP obligations under a North Slope Borough
(NSB) zoning ordinance.

For the 2005 to 2009 period, four major types of monitoring were conducted by BP at and near
Northstar:

1. Underwater noise measurements near Northstar, primarily during the bowhead whale migration
period in late summer/early autumn;

2. Counts of seals near Northstar, mainly in the late spring/early summer basking period;
3. Acoustic monitoring of the bowhead whale migration in late summer/early autumn;

4. Summarize the subsistence hunt for bowheads at Cross Island, 27 km (17 mi) east of Northstar,
and whaler perceptions of industry effects on the hunt.

Additional types of monitoring had been done prior to 2005, including acoustic measurements in winter
and detailed studies of seal use of the Northstar area.

The following nine sections of this Executive Summary are summaries of Chapters 2 to 8 of the
present report, plus lists of “Key Findings” and “Lessons Learned”. The Appendices (on CD-ROM)
include complete copies of the related annual reports released since 2005 and of journal papers derived
from the Northstar monitoring work published since 2005. All Appendices are in PDF format. These
Appendices provide supplementary details in support of various chapters in the printed report.

BP’s Activities at Northstar, 2005-2009

In 1999 BP Exploration (Alaska) Inc. (BP) began construction of an offshore island for future oil
production on submerged remnants of Seal Island, a man-made island originally constructed in 1982. The
new oil development was called Northstar. BP’s construction and initial production activities at North-
star, through 2004, were described in an earlier Comprehensive Report. Chapter 2 of this report, by
R. Rodrigues and L.A.M. Aerts of LGL Alaska, describes continuing oil production in 2005-2009, along
with associated support and maintenance work. A brief description of ongoing and proposed activities in
2010 is also included. This chapter was prepared to meet the regulatory requirement for a description of
BP’s Northstar activities during the 5-year period covered by the current “Northstar regulations”, at 50
C.F.R. §216.200-210, and by annual Letters of Authorization issued by the National Marine Fisheries
Service to BP under those regulations.

As in previous years ice roads were constructed to facilitate on-ice transportation during winter and
early spring. Ice-road construction began in Nov. or Dec. and the road was generally functional from Jan.
until mid- to late May. Standard buses, vans, and pick-up trucks were the primary vehicles used for trans-
portation of personnel and equipment to and from Northstar during that period. Several types of tracked
vehicles were also used early and late during the ice-covered period. During the open-water periods, a
hovercraft and Bell 212 helicopter were the primary means of transportation of personnel. Crew vessels
were also used occasionally and barges were used to transport equipment, supplies, and fuel.

Drilling into oil-bearing strata occurred during the winter months each year but did not occur dur-
ing break-up or open-water periods. However, well maintenance activities using the drill rig to lower
cables down the hole occurred above the formation depth in the 2005 and 2006 open-water seasons.
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Executive Summary

Four or more aerial surveys were conducted each month to inspect the pipeline between Northstar
and shore for leaks or spills. An automated system was also used continuously to detect any pipeline
spills. No reportable conditions were recorded using either monitoring method. A number of small spills
of various types of material on the island were reported each year. These materials were all cleaned up.
No clean up after flare events was required during the reporting period.

Maintenance activities to repair the shoreline protection system (concrete blocks and fabric barrier)
occurred during the latter part of the ice-covered period and extended into the open-water period in 2005—
2007. Equipment used included a Manitowoc 888 crane, Volvo 150D loader, John Deere 650H exca-
vator, Ingersoll-Rand zoom-boom, air compressors, Chinook 800 and Tioga heaters, and generators.

Repair activities in 2008 involved placement of boulders along the northeast corner of the island
during the ice-covered period and some minor repair activities during the subsequent open-water period.
Boulders were hauled to Northstar in March and April via the ice road. A Caterpillar 966 loader, Cater-
pillar 345B excavator, and John Deere 850 dozer were used for boulder placement. In 2009 repairs to the
block system and fabric barrier similar to those in 20052007 were necessary on the northwest side of the
island. Repair techniques and equipment used were similar to those used in 2005-2007.

In 2010 BP began an expansion project in the SE corner of Northstar to accommodate a new
operations center scheduled to arrive in 2012. Removal of the drill rig, for which some dredging activity
may be necessary, and construction of a water intake system are also planned for 2010.

BP continued acoustic studies each fall to monitor sounds from Northstar and calling bowhead
whales during their westward migration. In 2008 BP also deployed sensors on the bottom at three sites to
increase knowledge about wave and ice forces affecting the Northstar protection barrier. Retrieval and re-
installation of the sensors is planned once a year for 3 to 5 years. In addition to BP’s activities, various
other industry and agency activities occurred near Northstar during the 2005-2009 reporting period.

Seal Sightings, 2005-2009

During the planning stages of the Northstar project, BP and stakeholders had concerns regarding
the potential for activities associated with construction and oil production to result in disturbance to seals
and other marine mammals. Authorizations issued to BP for potential “taking” of seals during construc-
tion and operation of Northstar required studies and monitoring to assess effects on seals and on
subsistence hunting. To satisfy the requirements, BP conducted several studies prior to and during
construction and operation of Northstar. Systematic fixed-wing aerial surveys were used to study the
distribution and abundance of seals around Northstar. The fixed-wing surveys in 1997-1999 provided
three years of pre-development “baseline” data, and surveys in 20002002 provided three years data with
construction and then oil production activity. To complement the aerial survey program on a finer scale,
specially-trained dogs were used to find seal holes and lairs, and to monitor the fate of structures in
relation to distance from industrial activities during the ice-covered seasons of 1999-2000 (initial
construction) and 2000-2001 (later stages of construction). After these intensive studies were completed,
NMES and stakeholders concurred with BP’s conclusion that it was not necessary to continue the types of
intensive seal studies that had been done through 2002. However, BP continued to observe and count
seals near Northstar to provide assurance that seal use of the area was similar in subsequent years to that
found up to 2002.

Chapter 3 of this report, by R. Rodrigues and L.A.M. Aerts of LGL Alaska, describes the results of
seal observations from Northstar during 2005-2009. Northstar Environmental Specialists observed and
counted seals from the top of the 33 m (109 ft) high process module. The observation period varied
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among years. Results from the 15 May through 15 July period are reported here to maintain consistency
in observation periods for comparisons among years, although 2005 was an exception in that observations
did not begin until 3 June. The total number of seals recorded varied considerably from year to year,
ranging from three seals in 2007 to 811 in 2009, with no consistent trend across the five years of
observations. Relatively few seals were observed in 2006 and 2007 compared to other years, and more
seals were recorded in 2009 than all other years combined. The numbers of seals seen during a given
day’s observation period were highly variable ranging from zero to 124. Seal sighting rates in 2006 and
2007 were relatively low during all half-monthly periods of observation. For the years when the largest
numbers of seals were recorded (2005, 2008 and 2009), relatively few seals were recorded in the latter
half of June 2005 and in the first half of July 2008. The relatively high number of seals seen per day in
July 2005 resulted from a single sighting of 124 seals on an ice floe on 11 July. The larger numbers of
seals were generally recorded in groups congregated on ice floes that remained as the sea ice melted. The
observations confirm that ringed seals continue to haul out on ice and bask within approx. 1 km (0.6 mi)
of Northstar during the late spring and early summer. Numbers that do so vary from year to year,
probably as a function of ice conditions.

Underwater Sounds Near Northstar

The objective of Chapter 4, by S.B. Blackwell and colleagues of Greeneridge Sciences Inc., is to
report on the levels, characteristics, and range-dependence of underwater sounds produced by industrial
activities related to Northstar Island during the open-water seasons of 2001-2009, with emphasis on the
period 2005-2009 (which was not covered in the previous Comprehensive Report). Directional Auton-
omous Seafloor Acoustic Recorders (DASARs) were deployed close to Northstar (~450 m or ¥ mi from
the island’s north shore) and in an array offshore of the island. In 2001-2004, offshore DASARs were
deployed at 10 sites 6.5-21.5 km (4.0—13.4 mi) northeast of Northstar, with 5 km DASAR spacing. In
2005-2007 smaller arrays were deployed with DASARs at 3 or 4 of the same locations used in 2001—
2004. In 2008 and 2009, a large array was again deployed, with DASARSs in 10 locations 8.6-38.4 km
(5.3-23.9 mi) from Northstar and with 7 km DASAR spacing.

Underwater sounds received at a near-island DASAR and a subset of offshore DASARs were
analyzed as broadband signals (10-450 Hz) and as one-third octave and narrowband levels over the entire
DASAR deployment period each year (~4 weeks, from late August to late September). In addition, three
“Industrial Sound Indices” (ISIs) were defined to quantify three different characteristics of industrial
sounds: the presence of low frequencies (ISI Sband), the presence of tones from machinery (ISI fone),
and the presence of transient sounds such as those from vessels (ISI fransient). A subset of the 2009
sound data—those collected near Northstar and at one offshore DASAR—are used in the assessment of
the effects of industrial sounds on the distribution of bowhead whale calls in 2009 (see Chapter 6).

Median levels of broadband underwater sound near Northstar varied in the range 98.7-105.5 dB re
1 pPa in 2005-2009, compared to 100.5-103.5 dB in 2001-2004. At an offshore location where data
were acquired every year from 2001 through 2009 (location EB / C, 14.9 km or 9.2 mi from Northstar),
median levels varied in the range 95.4-103.1 dB in 2005-2009, compared to 93.1-96.5 dB in 2001-2004.
Median broadband levels of sound near Northstar, calculated over the entire season, were always higher
than in the offshore array (location EB / C), by 2.4-7.9 dB in 2005-2009. Spectral composition of
Northstar sounds included tones at 30 Hz and 60 Hz every year (2005-2009). The presence of tones in
the spectral density levels received at the near-island DASAR was a distinguishing characteristic of
Northstar sound. These tones were not found consistently in the recordings from the offshore DASARs.
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Based on comparisons of the three industrial sound indices across years, there was a trend towards
a smaller contribution of industrial sounds in 2005-2009 compared to 2001-2004: fewer samples con-
taining transients (vessels), fewer samples containing tones, and lower IS/ tone levels.

Activities by vessels operating near Northstar produced some of the highest amplitude underwater
sounds. During maneuvering by tugs at the island, received levels at the near-island recorder reached 135
dB re 1 uPa and were detectable, in below-average ambient sound conditions, as far offshore as DASAR
location E, ~21.5 km (13.4 mi) from Northstar. Sounds from helicopters (tones and their harmonics from
the main rotor and tail rotor) were detected near the seafloor for short periods, but only during departures
from the island, when the helicopter’s flight path was close (< 600 m) to the location of the recorder.

Thousands of airgun pulses were detected on DASAR records during the 2008 and 2009 study
periods; these were from seismic exploration unrelated to Northstar. At the most offshore DASAR
location (J), ~147,000 and ~65,000 airgun pulses were detected during 29 and 33 days in 2008 and 2009,
respectively, with median received SPLs of 105 dB and 98 dB re 1 pPa. At offshore DASAR location C,
~17,000 airgun pulses were detected during 33 days in 2009, with median received SPL 88 dB re 1 uPa.

Acoustic Monitoring of Bowhead whales

One key objective of the Northstar monitoring is to characterize the westward migration of bow-
head whales past Northstar during late summer/autumn, and the possible effects of sound from Northstar
on that migration. Since 2001, that has been done primarily by detecting and localizing calls from bow-
heads in waters offshore of Northstar. The specific objectives of Chapter 5, by K.H. Kim and colleagues
of Greeneridge Sciences and LGL, are to report on the detection, classification, and localization of bow-
head whale calls recorded by the array of directional autonomous seafloor acoustic recorders (DASARs)
deployed offshore of Northstar during the autumn migration of bowhead whales in 2005-2009, and to put
those results into broader context by summarizing corresponding data from 2001-2004. Specifically, this
chapter provides information on year-to-year and within-season variation in the numbers, types, and
distribution of calls detected offshore of Northstar, and in their bearings from a location where acoustic
data were acquired every late summer/early autumn season from 2001 to 2009.

The number of bowhead whale calls detected via the DASAR arrays and the associated call
detection rates varied substantially from year to year and from day to day within each season. Some
variation can be attributed to methodological differences among years, especially the different DASAR
array configurations in 2001-2004 (10 DASAR locations) vs. 2005-2007 (3—4) vs. 2008-2008 (10, but
extending farther offshore). Other sources of variation were the presence of nearshore pack ice in some
years (2005, 2006), and differences in mean wind speed (high in 2005, 2007). High winds increase
ambient noise levels and tend to reduce call detection rates. Based on data from one location monitored
in all 9 years, call detection rates were highest in 2003, 2004 and 2008, intermediate in 2001, 2002, 2007
and 2009, and low in 2005 and 2006. The 2008 season had the highest number of call detections in the
history of the study with 85,669 calls detected, resulting in an average of 2914 detected calls/day, and a
peak hourly call detection rate of 627 calls in one hour on 20 Sept. 2008.

Percentage use of different call types varied from year to year, but of the four types of simple calls
(upsweep, downsweep, constant, and undulations), the upsweep was most common. It comprised 26% of
all calls detected in 2001-2009. The four types of simple calls comprised (on average) 84% of calls
detected in 2001-2008. In 2009, only 51% of calls were simple (51%); 49% were complex.
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Bearings to bowhead calls and the percentage distribution of these bearings were estimated with
respect to a consistent location 14.9 km (9.2 mi) offshore of Northstar (EB/C) where there was a DASAR
during all nine seasons 2001-2009. In 8 of 9 seasons, the average bearing of whale calls was northeast or
east-northeast of this site. In the other year (2005), the bearings were highly variable. The bearings in
2009 were predominantly to the northeast, similar to those in 2001 — both were years when the whale
migration corridor was relatively far offshore. In contrast, the majority of the calls detected at location
EB/C in 2002-2004, 2007, and 2008 were to the east of that location.

Localized whale calls provided much information about the distribution of calling bowhead whales
over the inner and middle part of the continental shelf offshore of Northstar. The localization data, in
conjunction with bearings from EB/C, indicated that 2001 and to a lesser degree 2002 and 2009 were
years when the migration corridor was relatively far offshore, whereas 2003, 2004, and 2008 were years
when the southern part of that corridor was close to shore. The localization data documented pronounced
within-season (day to day) shifts in the offshore distances of whale calls. Localization data also showed
spatial concentrations of calls, with some concentrations aligned parallel to shore but others aligned in
different configurations of unknown significance. Analysis of 2008 data indicated that bowhead whale
calls show at least slight directionality (stronger ahead than behind the whale).

Effects on Distribution of Calling Bowheads

Chapter 6, by Trent L. McDonald and colleagues of WEST Inc., LGL, and Greeneridge Sciences,
describes an analysis designed to detect effects of underwater sound produced by Northstar Island and its
support vessels on the distribution of calling bowhead whales (Balaena mysticetus) during their westward
autumn migration in 2009. This analysis builds on past analyses of similar 2001-2004 data. Underwater
sound levels were measured both near the source and offshore near the southern edge of the migration corridor.
Locations of calling whales were determined by a seafloor array of directional acoustic recorders. Weighted
quantile regression (QR) was used to relate the 5™ quantile of offshore distance (a measure of the southern
edge of the call distribution) to varying levels of industrial sounds near and offshore of Northstar, and to mea-
sures of airgun pulses from distant seismic exploration. Weights in the primary QR were inversely propor-
tional to estimated location uncertainty and probability of including a call in our data set. To overcome lack of
independence among calls, block permutation of uncorrelated call clusters was used to assign significance
levels to coefficients in the QR model. Normal within-season variation in the migration corridor’s apparent
southern edge was accommodated by considering day—night changes, distance of the call east or west of
Northstar, and date as covariates. Occurrence and received levels of weak airgun pulses from seismic surveys
occurring intermittently >200 km (>320 mi) to the east and north were also considered as covariates. Data
were collected from 26 August to 28 September 2009, during which time there were 11,263 usable calls.

Based on the primary analysis, the apparent southern edge of the distribution of calling whales was sig-
nificantly (P = 0.011) closer to shore when underwater sound measured near the southern edge of the overall
2009 call distribution included transients in the 10450 Hz band during the 75 minute period just prior to the
call. The southern edge of the distribution of calling whales was an estimated 1.82 km or 1.13 mi (95%
confidence interval 0.72 to 2.77 km) closer to shore when transients were detected offshore than without. That
measure of industry sound was a better predictor of the southern edge of the call distribution than was any
measure of sound near Northstar itself, and the analysis was structured to allow only one such variable to enter
the model. In addition, when received levels of airgun pulses from seismic exploration far to the east of North-
star were above background, the apparent southern edge of the call distribution was another 0.68 km or 0.42
mi (95% CI1 0.37 to 0.93 km; P < 0.001) closer to shore for every 1 dB increase in received airgun pulse level.
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Sensitivity analyses revealed that the measure of Northstar sound most closely associated with the
southern edge of call distribution, and possibly even the direction of the apparent effect, depended on analysis
decisions and assumptions, including the order in which variables were considered and decisions about case
weighting. With one exception, alternative methods of model selection and weighting (like the primary
analysis) estimated the southern edge of the call distribution to be closer to shore when sound variables assoc-
iated with Northstar were elevated. However, the specific measure of industrial sound most closely related to
call distribution varied among analyses.

Although not specifically designed to characterize effects of airgun pulses on bowhead whale behavior,
the primary analysis and all but one sensitivity analysis suggested that the calls nearest to shore tended to be
closer to shore with increasing received levels of airgun sound arriving from the east. This trend is especially
noteworthy as the seismic operation to the east was in Canadian waters, hundreds of kilometers away.

The results for 2009 differ from those obtained during 2001-2004, when the southern edge of the
call distribution tended to be farther offshore when anthropogenic sounds, as measured near Northstar,
were elevated. Also, sensitivity analyses showed that 2001-2004 results were largely insensitive to
weighting and other analysis decisions, although fewer covariates were considered and the order of model
selection was not tested in 2001-2004 studies. Reasons for the differences between 2009 and 2001-2004
(and among alternative 2009 analyses) are speculative. In any case, for 2009, we could not conclusively
identify one specific relationship between offshore distances of bowhead whale calls and industrial sound.

Subsistence Whaling at Cross Island

The North Slope Borough’s Science Advisory Committee (NSB SAC) recommended in 2005 that
local and traditional knowledge of Nuigsut whalers be incorporated into reports concerning BP’s North-
star marine mammal and acoustic monitoring program. Chapter 7, by Michael S. Galginaitis of Applied
Sociocultural Research, does so in large part by summarizing data acquired during the Minerals Manage-
ment Service (MMS) project “Annual assessment of subsistence bowhead whaling near Cross Island”
(2001—present). Those data were supplemented by interviews with the whalers in 2005-2009 focusing on
specific aspects of the 2001-2009 whaling seasons relevant to BP’s Northstar monitoring program. The
interviews concentrated on whalers’ encounters or concerns with non-whaling vessels, and the whalers’
observations of the general offshore distribution of bowhead whales, whale feeding behavior (if any), and
“skittish” behavior. The emphasis in this chapter is on the period 2005-2009, with prior years being
discussed only where especially pertinent.

Historically, Cross Island was used periodically as a base for subsistence whaling during the first
half of the 20" century (prehistoric use is not well documented). After a hiatus in mid-century, whaling in
the general area resumed in 1973 when Nuigsut was resettled, and a bowhead whale was taken that year
near the Canning River. For several years after 1973, relatively few crews from Nuigsut whaled, and they
had infrequent success. Subsequently Cross Island came to be used increasingly as a base, and both the
number of crews and hunting success increased, especially in the 1990s. However, in certain years, there
were difficulties that the whalers attributed variously to weather, ice conditions, or interference by marine
seismic surveys and offshore exploratory drilling operations. At times, whales were perceived as having
been deflected offshore by industrial activities east of Cross Island, or to be “spooky” and difficult to
approach. Stakeholder discussions of these issues resulted in 1986 in the “Oil/Whaler Agreement” to
mitigate and minimize such effects. This mechanism continued (after a lapse of several years with no
offshore oil and gas exploration in the Alaskan Beaufort Sea) under the label “Conflict Avoidance Agree-
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ment” (CAA). The CAAs, combined with BP Standard Operating Procedures and agency stipulations,
have been largely successful in preventing or mitigating Northstar effects on Cross Island whaling.

The variability among the 2001-2009 whaling seasons that was documented by the MMS project was
primarily due to differences in ice and wind conditions, differences in the distribution (distance from Cross
Island) and apparent local abundance of whales, and variable behavior (“normal” or “skittish”’) of whales.
Year-to-year differences in effort expended by whalers (“boat hours”) were fairly well quantified. However,
the relationships between variable whaling effort and variability in ice and wind conditions, whale distribution,
or whale behavior were not as clear-cut. The ice conditions that occurred during the nine seasons sometimes
prevented access to whales altogether but otherwise seemed to have no net effect. Adverse weather conditions
hinder whaling, but the shortest seasons were those that were measurably the worst in terms of weather.
Perhaps the least ambiguous factor associated with the effort expended per landed whale was the distance of
whales from Cross Island, i.e., the distance from Cross Island where whalers found whales. The two were
directly related: the greater the distance, the greater the effort. That result is hardly surprising.

Of the anthropogenic activities considered in this chapter, vessel traffic probably had the greatest direct
or perceived adverse effects on Cross Island subsistence whaling during 2001-2009, even though precise
effects would be difficult to demonstrate in a rigorous way. Vessel effects were almost totally related to non-
oil-industry commercial vessel traffic that operates outside the provisions of the CAA. The CAA has
effectively managed most industry-whaler potential conflicts, at least in the area of industry-whaler vessel
interaction. The problematic vessel interactions, most prominently those of 2005, were all with non-oil-
industry vessels not subject to the CAA.

Potential Effects on Marine Mammals and Subsistence

Letters of Authorization (LoA) issued by NMFS to BP annually in 2000-05 and in 2006—-09 authorized
the “taking” of small numbers of seals and whales incidental to Northstar activities. Chapter 8, by W.J.
Richardson et al. of LGL and WEST, summarizes this topic, as required by the regulations and LoAs.

For 200004, estimates of numbers of seals potentially affected were made annually, with the most
recent estimates being for Nov. 2003—Oct. 2004. In that period, an estimated 61 ringed seals, 1 bearded seal,
and probably no spotted seals were close enough to Northstar activities for there to be a possibility of
disturbance. Those estimates took account of monitoring results showing no more than highly localized
effects on seals. The overwintering seals that were potentially affected probably were limited to those
excluded from physically-disturbed areas, including the artificial island and ice road plus a 100 m (328 ft)
buffer zone. Estimated numbers of seals potentially affected were less than the numbers of “takes”
authorized by the LoAs issued by NMFS to BP. Furthermore, most seals counted as “potentially
affected” probably did not incur biologically significant effects. In the present 2005-2009 reporting
period, no intensive monitoring was required or done, but ongoing counts of seals visible from Northstar
show that ringed seals continue to occupy the area within ca. 1 km (0.6 mi) in variable numbers. The
overall results suggest that any effects of Northstar production activities on seals are minor, short-term,
and localized, with no consequences for the seal populations. The Northstar location is not an area where
seal hunting was common before Northstar was built. Insofar as we know, there has been no subsistence
hunting of seals there since Northstar was constructed, and availability of seals for subsistence harvest
probably was not affected.

Acoustic localization data indicated that, during late summer and early autumn of 2001-2004,
some bowhead whales in the southern part of the migration corridor (closest to Northstar) were affected
by vessel or Northstar operations. The southern edge of the distribution of calling whales tended to be
slightly but (statistically) significantly farther offshore, by an estimated 0.76-2.35 km (0.47—1.5 mi) in the
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various years, at times with higher levels of underwater sound from Northstar. At these times, most
“Northstar sound” was from vessels supporting Northstar, not the island itself. Results from 2009 are
equivocal as to how the southern edge of the distribution of calling whales was related to measures of
Northstar sound; there were some indications in 2009 that (with elevated underwater noise levels) the
closest calls tended to be slightly closer fo, not farther from, Northstar. In all years, the small shift in the
southern edge of the distribution of calling whales was probably partly attributable to a noise-related
change in calling behavior rather than actual deflection. Based on guidance in recent reviews as to what
effects are biologically significant, migrating bowheads whose paths are deflected offshore (or inshore)
by no more than a few kilometers, or whose calling behavior is altered temporarily, would not be
expected to incur biologically significant effects. Thus, numbers of bowheads (if any) that were truly
“harassed” by Northstar would be, at most, low and presumably well within provisions of the Northstar
regulations and associated LoAs. Those authorized up to 765 harassment “takes” annually (or 1533 in 2
years or 3585 in 5 years) during the most recent years when a specific number of “takes” was authorized.

The bowhead monitoring results do not explicitly show how far east the slight “deflection effect”
extended, and in particular, whether it extended east into waters where Nuigsut whalers commonly hunt
bowheads. However, during 2005-2009, the Nuiqsut whalers struck 3 or 4 bowheads (of their annual
quota of 4) during each autumn except 2005, and the whalers did not attribute their problems in 2005 to
Northstar.

There was no specific information on numbers of gray or beluga whales (if any) that may have
been close enough to Northstar to be disturbed by Northstar drilling, production or ancillary operations in
2005-09. Gray whale sightings have been infrequent this far to the east, and it is likely that no gray
whales were affected by Northstar activities. For belugas, estimated numbers that might approach within
an assumed 1-2 km (0.6—1.2 mi) disturbance radius are 10-20 in an average year.

Key Findings

BP’s Activities at Northstar
e Oil production and gas injection have been ongoing almost continuously since 31 Oct. 2001.

e General types of transportation during 2005-2009 were similar to those used during earlier
construction periods including standard vehicles on ice roads during winter, tracked vehicles prior
to completion of the ice road and again during spring break up, crew vessels (infrequent since
2004), hovercraft (primarily from late spring to freeze up), and helicopters.

e Drilling into the oil-bearing strata occurred during the ice-covered period but did not occur during
summer months from 13 June until 18 inches (0.47 m) of continuous ice had formed to 1.5 mi
(2.4 km) in all directions from Northstar.

e Periodic aerial monitoring and continual remote monitoring did not detect any oil leaks or spills
from the sub-sea pipeline.

e Maintenance activities initiated in 2003 to repair the block system around the island were ongoing
through 2009 and into 2010.

e Acoustic studies initiated in 2000 to document underwater and in-air sounds from Northstar and
to monitor the westward bowhead whale migration were ongoing through 2009
Seal Sightings

e During Northstar construction and initial production operations up to 2004, seals did not appear
to be affected by island construction and activities on the island, including impact pipe driving.

XX1



Executive Summary

During spring 2005-2009 seals, were again observed within 950 m (0.6 mi) from Northstar when
production was ongoing.

Differences among years (2005-2009) in the numbers of seals observed were likely due largely to
varying ice conditions.

The highest seal counts were generally recorded from mid-June to mid-July when seals
aggregated on ice floes.

Underwater Sounds Near Northstar

Median levels of broadband (10-450 Hz) underwater sound, as recorded in 2005-2009, were in
the range 98.7-105.5 dB re 1 uPa when measured ~450 m from Northstar and 95.4-103.1 dB at a
location (EB / C) 14.9 km (9.2 mi) away.

Levels of ambient sound underwater were strongly related to wind speed.

Industrial sounds tended to contribute less of the sound in the 10450 Hz band during 2005-2009
compared to 2001-2004: fewer sound samples containing transients (sounds from vessels) or
prominent tones, and levels of sound from tones tended to be lower.

Vessels produced some of the highest amplitude sounds associated with the Northstar
Development.

Sounds from helicopters were detected near the seafloor for short periods, but only when the
helicopter’s flight path was close to the location of the recorder.

Acoustic Monitoring of Bowhead Whales

The number and detection rate of bowhead whale calls at monitoring locations on the inner- and
middle shelf varied substantially within each season due to variation in ambient noise levels, the
effect of nearshore pack ice and other unknown factors on the location of the whale migration
corridor that day, seasonal progression of the migration, day/night effects, and (probably) day-to-
day variations in numbers of bowheads passing Northstar.

The number and detection rate of bowhead calls also varied substantially from year to year due to
methodological considerations (differences in DASAR array configuration), variation in seasonal
average wind speed, and the effects of ice and other unknown factors on the location of the whale
migration corridor.

Simple call types comprised, on average, 84% of calls detected in 2001-2008, when the upsweep
was most common, but only 51% of calls detected in 2009 (i.e., 49% of calls detected in 2009
were complex calls).

In 8 out of 9 seasons during the 2001-2009 period, bearings to whale calls detected at a site 14.9
km (9.2 mi) offshore of Northstar were predominantly to the northeast or east-northeast of that
location; 2005 was the exception with highly variable bearings.

Localized whale calls indicate that the migration corridor was relatively far offshore in 2001 and
to a lesser degree in 2002 and 2009, and close to shore in 2003, 2004, and 2008. Localized calls
were spatially concentrated for largely unknown reasons.

Analysis of 2008 data demonstrated that bowhead whale calls are directional (stronger ahead of
than behind the whale). This explains, at least in part, why fewer calls are detected west of the
Northstar array than east of it.
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Northstar Effects on Distribution of Calling Bowheads

In five autumn migration seasons (2001 to 2004 and 2009), locations of calling whales were
examined relative to fluctuations in the sound emitted by Northstar and its support vessels.
Simple inspection of maps of whale calls detected at times with higher vs. lower sound levels
showed no conspicuous difference in the distributions of bowhead calls in relation to sound.

Nonetheless, each year from 2001 to 2004, the southern edge of the distribution of bowhead calls
tended to be slightly but statistically significantly farther offshore when the underwater sound
level near Northstar increased above baseline values.

In 2009, there again appeared to be an effect of fluctuating Northstar sound (especially as mea-
sured offshore) on the southern edge of the migration corridor, but the direction of the apparent
effect depended on how the analysis was conducted. For 2009, unlike 2001-2004, we could not
conclusively identify one specific relationship between offshore distances of bowhead whale calls
and industrial sound.

In 2009, when airgun pulses from a seismic operation far to the east were received above back-
ground levels, the southern edge of the call distribution was estimated to be an additional 0.68 km
(0.42 mi) closer to shore for every 1 dB increase in received airgun pulse level.

The 2005-2009 Subsistence Whaling Seasons

The 2001-2009 whaling seasons, and more generally the 2001-2009 seasons, all differed in terms
of ice and wind conditions, whale distribution, whale behavior, hunting effort, and hunting suc-
cess. The most consistent relationship was between the distance from Cross Island where hunters
encountered whales and hunting effort (measured as boat hours per whale struck or landed). The
further the whales from Cross Island, the greater the effort expended per whale struck.

Years of low success (1 or 2 whales landed) were due to adverse conditions throughout most or
all of a given season. In 2005 there was almost no access to whales because ice conditions con-
fined whaling boats inshore of the barrier islands, while the whale migration was seaward of the
barrier islands. In 2009, whales were encountered relatively far from Cross Island, in relatively
low numbers, and wind and sea state conditions were generally marginal and made sighting
whales on most days very difficult. The presence of commercial (non-oil industry) vessel traffic
may also have contributed to low whaler success in these years.

Years of greater whaler success (3 or 4 whales landed) often included periods of adverse whaling
conditions, but also included favorable periods of varying lengths. The closer to Cross Island that
whales were encountered, the less the hunting effort required per whale struck.

Of the potential anthropogenic effects addressed in this study, vessel traffic likely had the greatest
direct or perceived adverse effects on Cross Island subsistence whaling during 2005-2009 (and
2001-2009). However, precise effects are difficult to demonstrate in a rigorous way.

Vessel traffic that interacted with the hunt was almost entirely commercial traffic not associated
with the oil industry and operated outside of the provisions of the Conflict Avoidance Agreement
between the whalers and the oil industry.
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Lessons Learned (or Re-Learned)

This section is a list of some of the “lessons learned” during the Northstar monitoring work over the

past decade. Many of these points were (or should have been) well known in advance, but were reinforced by
experience during the project.

Acoustic Field Methodology

Grappling is both a cost-effective and an extremely reliable method for instrument retrieval in the
shallow waters offshore of Northstar as compared to popular approaches such as the use of
acoustic releases.

A 7-km spacing between DASARs is sufficiently close for detecting bowhead whale calls on
multiple units for localization, allowing greater coverage of the whale migration corridor than
achieved with closer spacing.

Instrument mounting frames that prevent the DASAR from moving or turning on the seafloor
(e.g., square base instead of circular base; base that digs into the mud for stability) are important
to obtain uninterrupted data sets of high quality.

Because of bottom currents near the Beaufort seafloor, shrouds are necessary to shield the
DASAR sensors, and these shrouds must be acoustically transparent.

Redundancy of some specific instruments is a high priority if they provide data critical for
interpretation or critical for maintenance of a long-term time series.

Analysis and Interpretation — Physical Acoustics

Direct measurements of received sound levels at different distances from a source are often used
to estimate source level. Even so, determining a "source level" requires compromises, assump-
tions, and strict definition as to what is meant by "source level". This is especially true when
dealing with shallow water propagation and with sounds that originate in air, on land, or in the
seafloor.

To interpret sounds from and biological responses to an industrial activity, information about the
industry activities may be needed from many individuals who are not part of the science team.
Finding cooperative individuals who are good sources for information is challenging.

Because acoustic terminology is confusing to the lay reader and can be ambiguous even among
acousticians, it is important to use precise language and standardized methods when reporting
sound levels.

Analysis and Interpretation — Bioacoustics

Although passive acoustic detection and localization of whale calls increases sample size
compared to visual methods and, hence, increases the statistical power of analyses, acoustic
methods have their own limitations: dependence on vocalizing by animals, inconsistent detection
range, challenges in managing and analyzing large quantities of acoustic data, lack of statistical
independence of calls spaced closely in time or space, etc.

As a corollary to the above, a change in the distribution of calls may or may not mean that the
distribution of the animals has changed.

Call directionality can affect the interpretation of a given distribution of call locations.
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The precision of call localizations computed via triangulation varies tremendously with distance
from the recorders and this needs to be considered in analyses. Differential precision of locations
can sometimes be accounted for by using a weighting factor or by limiting the study area to an
area where precision is high and more or less constant.

Statistics

Relatively subtle effects can be uncovered using multivariate analysis to allow for natural and
confounding effects before assessing the response of interest. However, caution and special pro-
cedures are needed if there is lack of independence among some units of observation, or if some
potential predictor variables are correlated, or if there are interactions among predictors.

Block bootstrapping is a useful statistical technique for controlling problematic effects of depend-
encies on P-values and confidence intervals.

Quantile regression is a useful and under-utilized technique for explaining changes in the shape of
a distribution that might not be experiencing changes in central tendency.

Probability of detecting and localizing a call varies with distance, background sound level, and
direction (due to directionality of calls). Differential probability of detection and localization can
have ill effects on statistical inferences, if left unaccounted for. It can be accounted for by limit-
ing the size of the study area or developing a weighting factor similar to the approach used in line
transect analyses.

It is necessary to account for whale call localization uncertainties in analyses of spatial distribu-
tion, but how best to do so remains under debate.

Many options and decisions are involved in a complex analysis, and every knowledgeable analyst
or reviewer has different ideas about the best approach. In this situation, it is important to deter-
mine, via sensitivity analyses, whether alternative analysis approaches lead to differences in the
final results.

Nuiqsut Subsistence Whaling

Anthropogenic activities reported or perceived by the whalers to have most significantly affected
Nuigsut subsistence whaling in the past have been to the east of the whaling activities. Northstar
is west of the area where almost all Nuiqgsut subsistence whaling activities occurred during 2001—
2009. The whalers did not perceive Northstar to have had any significant effects on Cross Island
whaling during 2001-2009, although noise and potential oil spills are still of concern.

Northstar is located in an area historically used for subsistence whaling, especially when ice
and/or fog prevent access to whales northeast of Cross Island. One whale was struck and killed
near the present location of Northstar in 1997 under those precise conditions. Whalers currently
avoid the Northstar area, due to noise and visual impact of the development there. This did not
significantly affect the success of the 2001-2009 whaling seasons, but could reduce success in a
year with conditions similar to those of 1997.

Any anthropogenic activities, whether related to the oil industry or not, with the potential to
displace whales further from Cross Island, or to disturb their behavior, have the potential to sig-
nificantly reduce the success of the hunt. Such activities are more likely to produce significant
effects on subsistence whaling if they occur to the east of Cross Island than if they (like North-
star) are to the west.
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1-2  Monitoring at Northstar, 2005-2009

BACKGROUND

BP Exploration (Alaska) Inc. began constructing the Northstar offshore oil production facility
during early 2000, and began producing crude oil from Northstar on 31 October 2001. The Northstar unit
extends from 3.2 to 12.9 km (2 to 8 miles) offshore from Point Storkersen, northwest of the Prudhoe Bay
industrial complex (Fig. 1.1). The production facilities are on an artificial gravel island about 5 km (3 mi)
offshore of the natural barrier islands. Northstar is 87 km (54 mi) northeast of Nuigsut, the closest Inupiat

community, and it is 27 km (17 mi) east of Cross Island, where the Nuigsut subsistence whalers are based
for their autumn hunt for bowhead whales.

The Northstar production facilities (Fig. 1.2) were built on the remnants of Seal Island, an artificial
island constructed in 1982 by another oil company. Seal Island was used for exploration drilling during
the 1980s, and subsequently abandoned until rebuilt by BP in early 2000. The Northstar Development
includes a gravel island for the main facilities and two pipelines connecting the island to the existing
infrastructure in Prudhoe Bay. One pipeline transports crude oil to shore, and the other transports natural
gas to the island for field injection and power generation. In winter and early spring, the island is con-
nected to the shore by an ice road from West Dock. The facilities on the island include prefabricated
modules for living quarters, utilities, and warehouse/shop. Also present are a drilling rig, facilities for
grinding and injecting wastes, and facilities for oil production and gas injection. The production facilities
include gas turbine engines to operate power generators and gas compressors. Transportation between the
mainland and Northstar is primarily via the ice road in winter, conventional vessels and (since 2003) a
hovercraft in summer, and helicopters during the transitional seasons and (to a lesser extent) in summer.
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FIGURE 1.2. The Northstar Development, as it appeared in 2009, looking from north to south (photo: Wm.
C. Burgess, Greeneridge Sciences Inc.)

Oil production, intermittent drilling and well maintenance have continued at Northstar from late
2001, when production began, to the present. Chapter 2 of a previous Comprehensive Report (Richardson
[ed.] 2008) provided a detailed description and chronology of the construction and initial operations at
Northstar, through early 2005, with photographs of several key facilities and activities. Chapter 2 of the
present report describes BP’s Northstar activities from the winter of 2004—05 to the present time.

This report as a whole describes BP’s Northstar activities and the associated marine mammal and acou-
stic monitoring projects during the 2005 through 2009 period. It has been prepared to meet the reporting
requirements of the regulations issued by the National Marine Fisheries Service (NMFS) in March 2006
concerning effects of Northstar on marine mammals during the period 6 April 2006 through 6 April 2011 (50
CFR 216.206). Those regulations require that BP provide “a final comprehensive report on all marine
mammal monitoring and research conducted during the period of these regulations ... at least 240 days prior to
expiration of these regulations...” (i.e., in August 2010) if renewal of the regulations is being requested.
Although the current regulations require BP to report in August 2010 on activities and monitoring subsequent
to issuance of the regulations in April 2006, this report also describes BP’s Northstar activities during 2005 and
early 2006 in some detail. Because the previous 5-year regulations expired in May 2005, the previous Com-
prehensive Report did not provide much information about BP’s activities or monitoring after early 2005. This
report includes the intervening period in 2005-06. It does not address BP’s activities or monitoring studies
prior to May 2005 in the same detail as it addresses the more recent activities and monitoring, but it does
include frequent references to the earlier work to provide context and a better understanding of the overall
monitoring results.



1-4 Monitoring at Northstar, 2005-2009

The contents and organization of this comprehensive report, and its relationship to previous reports
and journal publications concerning the Northstar monitoring work, are further summarized later in this
Chapter.

BP BUSINESS RATIONALE FOR THE NORTHSTAR MONITORING PROGRAM

BP’s business rationale for the marine mammal and acoustical studies summarized in this report,
and in the previous Comprehensive Report on work up to 2004, was driven both by corporate values and
by regulatory requirements. BP corporate values support studies that objectively assess environmental
effects that may result from BP operations. BP recognizes the need for industry to take a proactive role in
conservation and biodiversity issues (BPXA 2003). This drives the design and implementation of studies
intended to understand and minimize the effects of BP operations. In addition, monitoring and reporting
were required to satisfy BP’s commitments under incidental “take” authorizations issued by NMFS to BP,
and under a North Slope Borough (NSB) zoning ordinance.

During the present reporting period from 2005 to date, four main types of monitoring work were
conducted each year. These satisfied NMFS and NSB requirements for acoustical measurements, whale
and seal monitoring, and documentation of the subsistence whale hunt at Cross Island (near Northstar).
This monitoring work was required by ¢ the incidental take authorizations issued by NMFS and ¢ BP’s
agreements with the NSB. Those authorizations and agreements also required BP to provide reports
describing BP’s activities and monitoring studies:

e The general requirements administered by NMFS flow from the provisions of the Marine
Mammal Protection Act (MMPA), which prohibits “taking” of whales and seals, including
disturbance, unless a specific authorization for incidental “taking” has been issued by NMFS. BP
requested and received the appropriate authorizations from NMFS. Those authorizations required
monitoring and reporting on an annual basis and, toward the end of the 5-year period, in the form
of this Comprehensive Report.

e The zoning ordinance issued by the NSB to BP for construction of Northstar also included
requirements for some types of monitoring, particularly of bowhead whales (see below).

e The NSB’s Science Advisory Committee (SAC) reviewed BP’s monitoring program in early
2005, and recommended that the program incorporate local and traditional knowledge of subsis-
tence whalers from Nuigsut. They hunt for bowhead whales near Cross Island, 27 km (17 mi)
east of Northstar, each autumn. That element was added to the monitoring program in 2005 and
has continued in each subsequent year.

The NSB’s zoning ordinance for Northstar (Ordinance Serial No. 75-6-38) called for a monitoring
program that includes

e “documentation of the noise put into the water by island activities (in particular frequency
spectrums and received levels at various distances from the island...;

e “distribution of fall migrating bowhead whales within something like 15-20 miles of the island.
The monitoring should exist for as many years as needed to clearly show that there is no impact;
and

e “design of the monitoring program and draft of the final report shall be subjected to peer review.
Peer reviewers shall include representatives of the NSB and AEWC [Alaska Eskimo Whaling
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Commission]. The monitoring program and report shall be modified in accord with peer review-
er’s comments.”

The acoustical, marine mammal and subsistence studies described in this and prior reports, along with
resulting papers in scientific journals, meet the requirements of the authorizations issued by NMFS, the
NSB zoning ordinance, and other agreements with the NSB relating to the SAC review.

CHRONOLOGY OF MARINE MAMMAL AUTHORIZATIONS

Well before the start of Northstar construction, BP, NMFS, and various other stakeholders anticipated
that, during construction and subsequent operation of Northstar, some seals and whales could be disturbed in a
manner that might be considered “taking” under the MMPA. Disturbance of seals and whales by certain
operations of the offshore oil industry had been documented previously (Richardson et al. 1995). Conseq-
uently, in August 1998, BP requested that NMFS issue an Incidental Harassment Authorization (IHA) under
section 101 (a) (5) (D) of the MMPA, to authorize disturbance to small numbers of seals and whales during
initial construction activities that were then planned for 1999. Also, in November 1998, BP requested that
NMFS promulgate regulations allowing for the issuance of Letters of Authorization (LoA) under section 101
(a) (5) (A) of the MMPA to allow “taking” of small numbers of seals and whales during a subsequent five-year
period of construction and initial operations. An interim [HA was issued on 15 March 1999.

The Regulations that had been requested by BP were issued by NMFS on 25 May 2000 and were
effective for 5 years (NMFS 2000). A series of five LoAs were issued under those regulations (Table
1.1). Those LoAs authorized potential “taking” of whales and seals incidental to construction, produc-
tion, and maintenance operations during various periods up to 25 May 2005, the end of the 5-year period.
BP’s activities and monitoring work during that period were described in a previous Comprehensive
Report, several versions of which were issued over the period from July 2004 through March 2009 (see
Richardson [ed.] 2008).

On 30 August 2004, BP requested that NMFS renew the authorization to “take” whales and seals
by harassment during continued Northstar operations over a second 5-year period, from 26 May 2005
through 25 May 2010 (NMFS 2004). BP also requested that NMFS issue an LoA effective 26 May 2005
to cover any “taking” during the initial portion of this second 5-yr period. Renewed regulations were
issued on 7 March 2006 (NMFS 2006), and the first LoA under those regulations was issued on 7 July
2006. That and three subsequent LoAs (Table 1.1) provided the appropriate incidental take authorizations
for periods up to 6 July 2010. On 30 April 2010, BP requested that NMFS issue a fifth and final LoA
under the existing regulations to extend the incidental take authorization to 6 April 2011 when the current
regulations expire.

During the interim period after expiry of the initial regulations on 25 May 2005 and prior to
issuance of the renewed regulations on 7 March 2006, Northstar operations, monitoring and mitigation
continued in a manner consistent

e with the provisions of the initial regulations, and
o with decisions reached at the 2005 Beaufort Sea open-water peer review meeting (convened by
NMES in May 2005) regarding monitoring and mitigation to be done in the ensuing months.

The present Comprehensive Report describes BP’s activities (Chapter 2) and monitoring studies (Chap-

ters 3—7) during that interim period as well as during the period since 7 March 2006 while the current
regulations have been in place.
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TABLE 1.1. Overview of BP requests to NMFS seeking IHAs, Regulations and LoAs to allow "taking" of
small numbers of marine mammals incidental to BP’s activities at Northstar, and summary of the
authorizations issued by NMFS.

Date BP Request or Regulatory Activity
Aug. 1998 BP applied for an IHA from NMFS
Nov. 1998 BP requested NMFS to promulgate regulations allowing for issuance of LoAs

15 March 1999

NMFS issued interim IHA for construction phase

25 May 2000 NMFS issued Regulations, effective from 25 May 2000 to 25 May 2005

18 Sept. 2000 First LoA issued to BP for Northstar construction, effective until expired 30 Nov. 2001
14 Dec. 2001 Second LoA issued to BP, effective until 30 Nov. 2002

9 Dec. 2002 Third LoA issued to BP, effective until 30 Nov. 2003

4 Dec. 2003 Fourth LoA issued to BP, effective until 3 Dec. 2004

30 Aug. 2004 BP requested renewal of the Regulations and LoA

6 Dec. 2004 Fifth LoA issued to BP, effective until 25 May 2005

7 March 2006

NMFS renewed Regulations, effective from 6 April 2006 to 6 April 2011

7 July 2006 NMFS issued initial LOA under the new Regulations, effective until 6 July 2007
7 July 2007 Second LoA issued to BP, effective until 6 July 2008
1 July 2008 Third LoA issued to BP, effective from 7 July 2008 until 6 July 2009

18 June 2008 Fourth LoA issued to BP, effective from 7 July 2009 until 6 July 2010

28 Oct. 2009 BP requested renewal of the Regulations and LoA

30 April 2010 Fifth LoA requested by BP, for the period until 6 April 2011

On 28 October 2009, BP submitted a request that NMFS renew the regulations for a third 5-year
period, i.e., from April 2011 through April 2016. Submittal of the current draft comprehensive report
satisfies one of the requirements for renewal of the current regulations.

NORTHSTAR MONITORING TASKS

Incidental take authorizations normally require studies or monitoring to assess the nature, amount, and
geographic extent of any “taking” that did occur, and associated effects on any subsistence hunting (Swartz
and Hofman 1991; NMFS 1996). BP’s 1998 petition for regulations, supplemented by a 1999 update of that
petition and subsequent detailed monitoring plans, proposed several types of monitoring studies during both
the ice-covered and the open-water seasons. The study design and results of some or all the projects were
reviewed by a peer-review and stakeholder group convened by NMFS at least once each year from 1998
through 2009. An updated monitoring plan was submitted when BP petitioned NMFS for renewal of the 5-
year regulations after the initial regulations expired in May 2005. Updates to that monitoring plan have been
included in the requests for LoAs submitted each year since 2006.

Monitoring in 1999 to 2004

The monitoring studies conducted in the early years of the Northstar project (Table 1.2) were designed
to assess whether effects on seals and whales were limited to behavioral disturbance and/or localized
displacement, the nature and extent of such effects, whether effects on these mammals and their populations
were negligible, and whether there were adverse effects on availability of seals and whales for subsistence.
The studies were also designed to provide the data needed to estimate the numbers of seals and whales that
might be affected by BP’s Northstar related activities. Monitoring of marine mammals under the provisions of
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TABLE 1.2. Summary of results of individual studies comprising the Northstar marine mammal and acou-

stic monitoring program, 1999-2004.

1. Fixed-wing aerial surveys of ringed seals
(LGL)

2. Studies of seal structures in seaice (LGL)
(a) Use of avalanche probes to locate ringed

seal breathing holes

(b) Ringed seal utilization of holes and lairs
found through use of trained dogs.

(c) Persistence of structure use as
determined by temperature sensors

3. Helicopter survey of seal breathing holes
(LGL)

4. Acoustic measurements during winter
(Greeneridge Sciences)

5. Sound measurements during July, Aug.,
Sept. (Greeneridge Sciences)

6. Island-based visual monitoring (LGL)

7. Bowhead migration monitoring
(Greeneridge Sciences, LGL,
and WEST)

Observed ringed seal densities on landfast ice in spring
ranged from 0.39 to 0.83 seals/km? during 6 years (1997—
2002). Multivariate analysis showed no evidence that con-
struction, drilling, or production activities at Northstar affected
ringed seal abundance or distribution. The results provided
high statistical power to detect such an effect had it occurred.

The study confirmed that this method was not useful for
detecting seal structures.

The proportion of seal structures abandoned during the course
of the winter and spring was not related to distance from
Northstar or the ice road.

Temperature sensors were used to determine dates of aban-
donment of breathing holes and lairs. Statistical analysis
showed no reduction in length of time a structure was used for
structures close to Northstar activities.

Surveyors concluded that the temporal window to perform this
type of survey was quite narrow and unpredictable, and this
survey method was not practical for detecting active and aban-
doned structures reliably.

Sound levels at Northstar during winter were highest during
initial construction (2000), intermediate during drilling, and low-
est during production. Broadband underwater sounds were
detectable above background levels to variable distances,
typically a few kilometers. Broadband in-air sounds were
sometimes detectable to 5-10 km, but this distance was often
much reduced by wind.

Vessels (crew boats, tugs, and self-propelled barges) were the
main contributors to underwater sound near Northstar, and
were at times detectable above background levels as much as
30 km offshore. Island sounds during construction, and espec-
ially during drilling and production, were weaker than vessel
sounds, and generally not detectable above background
beyond 2-4 km in either water or air. lIsland sound levels
showed more variation during construction than during drilling
and production.

The only observed reactions of ringed seals to Northstar activ-
ities (including impact pipe-driving) during break-up and open-
water seasons were minor reactions to some helicopter flights.
At times in autumn 2001 to 2004 when higher-than-average
levels of underwater sound (much of it from support vessels)
emanated from Northstar, the southern edge of the distribution
of calling bowhead whales near Northstar tended to be slightly
farther offshore. The 2001-2004 acoustic data did not allow
us to determine whether this tendency represented noise-
induced offshore deflection, a noise-induced change in calling
rate, or a combination of the two. However, there were indica-
tions of Northstar sound effects on certain attributes of the
whale calls themselves.
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the NMFS incidental take authorization process began in 1999, and has continued during each successive year.
Initial baseline studies of seals in the Northstar area began in 1997, before any incidental take authorizations
were in place.

Some of the key aspects of the monitoring were use of innovative, adaptive techniques, and use of
statistically powerful study designs. For example, during the ice-covered season, one method used to
study ringed seals involved intensive, replicated, fixed-wing aerial surveys of basking seals. This
approach was applied in six consecutive spring seasons, including three years prior to Northstar construc-
tion (1997-99) as well as three subsequent years (2000-02) (Moulton et al. 2002, 2005). Another of the
techniques used to study seals was the intensive application of specially trained dogs to find seal holes
and lairs, and monitor their fate over the course of the winter, in relation to distance from industrial
activities. This approach was applied during the winters of 1999-2000 and 2000-01 (Williams et al.
2006). To ensure compliance with NMFS requirements concerning exposure of seals to strong sounds, a
specific study of sounds from pile-driving, exposure of seals to those sounds, and reactions of the seals
was undertaken (Blackwell et al. 2004Db).

For the open-water season, BP proposed a novel acoustic localization method to monitor the bow-
head migration. This approach was approved by NMFS and the stakeholders, developed in 2000, and
applied successfully in 2001, 2002, 2003, and 2004 (Greene et al. 2004; Blackwell et al. 2007; McDonald
et al. in review). Directional Autonomous Seafloor Acoustic Recorders (DASARs) were developed and
widely applied to localize calling bowhead whales. In modified forms, acoustic localization continued in
20052009, as documented in the present report.

The results from the 2001-2004 acoustic localization study of the bowhead migration past North-
star were described in detail in several chapters of the previous Comprehensive Report (Richardson [ed.]
2008), in a descriptive paper by Blackwell et al. (2007), and in other forthcoming papers. As summarized
in the last section of Table 1.2, at times in autumn 2001 to 2004 when higher-than-average levels of
underwater sound (much of it from support vessels) emanated from Northstar, the southern edge of the
distribution of calling bowhead whales near Northstar tended to be slightly but significantly farther
offshore. The 2001-2004 acoustic data did not allow us to determine whether this tendency represented
noise-induced offshore deflection, a noise-induced change in calling rate, or a combination of the two.
However, there were indications of Northstar sound effects on certain attributes of the whale calls
themselves.

In addition to these and other biological studies, extensive physical acoustic measurements have
been obtained during both the ice-covered season (winter—spring; Blackwell et al. 2004a; Greene et al.
2008) and the open-water season (summer—autumn; Blackwell and Greene 2005, 2006). Acoustic data
were needed as a basis for evaluating the results of seal and whale studies in the context of their exposure
to Northstar sounds.

The objectives, methods, results and significance of these early studies at Northstar were described
in detail in the aforementioned published papers, the first Comprehensive Report (Richardson [ed.] 2008),
and in earlier reports included as electronic Appendices to the first Comprehensive Report. Those studies
in 1999 to 2004 (plus aerial surveys of seals as far back as 1997) are briefly summarized in Table 1.2.
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Monitoring in 2005 to 2009

The 5-year regulations issued by NMFS for the April 2006 through April 2011 period require that
BP implement the monitoring required by the individual LoAs issued under those regulations. However,
the regulations do not specify the particular types of monitoring to be done (NMFS 2006). The specific
requirements are set out in the annual LoAs and in BP’s agreements with the NSB.

1. Underwater and In-Air Noise Measurements

Underwater sounds near Northstar during construction, drilling, and production were documented
during the previous 5-year period (2000-2004). This included measurements under the ice in winter/
spring and in open water during summer/ early autumn. In-air sounds and (during the ice-covered sea-
son) iceborne vibrations were often measured simultaneously with underwater sounds. Also, during the
2001-2004 autumn migration seasons for bowhead whales, the characteristics and variability of under-
water sounds approximately 450 m (Y4 mi) seaward of Northstar were monitored essentially continuously.

In the present 2005-2009 reporting period, the LoAs required BP to continue to measure sounds
produced by activities associated with oil-production. Each year, underwater sounds ~450 m (¥ mi) sea-
ward of Northstar were again monitored essentially continuously for ~1 month during the late summer/
early autumn period (the early and middle portion of the bowhead whale migration season). The objec-
tives included

e identifying and characterizing any new or altered types of underwater sounds to which bowhead
whales could be exposed,

e determining whether Northstar sounds were consistent or changing from year to year, and

e providing acoustic data needed to assess whether the bowhead whale migration was affected by
fluctuating levels of Northstar sound.

This consistent annual monitoring of underwater sounds near Northstar showed that some new sound
types became evident in certain periods. Chapter 4 of this report summarizes the underwater sound data
from the near-Northstar station during each year in the current 2005-2009 reporting period, and compares
those results with corresponding data from 2001-2004.

Near-continuous measurements of underwater sound were also obtained during the same ~1 month
period each year at a series of sites that were (in 2008-2009) as much as 38 km (24 mi) offshore of
Northstar. Acoustic data from the offshore stations provided additional information on attenuation of
Northstar sound as a function of distance from the island. Also, the offshore acoustic data from 2009
were used in evaluating potential effects of industrial sound on migrating bowheads (see Chapter 6).

Measurements of in-air sounds were generally not required or conducted during the current report-
ing period. However, the LoAs required that BP document levels, characteristics, and transmission of
airborne sound if expected levels at the water’s edge could exceed 90 dBA (re 20 pPa) and if the specific
sound source had not been measured in previous years. In March—April 2008, heavy construction
equipment was used to deposit boulders onto the slope around the island for ice-protection purposes, and
measurements of airborne sound were obtained (see Appendix A in Aerts and Richardson 2009). Most if
not all in-air sounds generated by boulder placement were below 90 dB re 20 pPa.



1-10 Monitoring at Northstar, 2005-2009

2. Ringed Seals

Intensive aerial surveys and on-ice studies during the 1997 to 2002 period demonstrated that
Northstar had very little effect on the distribution or numbers of seals around Northstar during winter and
spring. There was also no discernible tendency for earlier abandonment of seal holes and lairs near
Northstar vs. farther from Northstar. The distance from Northstar facilities within which seals were dis-
placed was limited to no more than 100200 m, and was essentially coincident with the area where ice
and snow conditions were physically altered.

Based on these results, NMFS, peer reviewers and stakeholders agreed that detailed monitoring of
seals was not required after 2002. Incidental sightings of seals by Northstar personnel were tabulated for
the 2003—-2004 period and summarized in Chapter 3 of the previous Comprehensive Report, but this did
not constitute formal monitoring. For the 2005-2009 period, the LoAs did not include a specific require-
ment for routine monitoring of seals. However, BP proposed that personnel based on Northstar Island
would, during the spring/early summer period when ringed seals haul out on the ice, conduct near-daily
(weather permitting) systematic counts of seals visible from a high vantage point at Northstar. This was
expected to provide a basis for recognizing any major change in seal use of the area. Results of these
counts during the five years from 2005 to 2009 were reported in “Annual Summary Reports”, included as
Appendices B-F on the CD-ROM accompanying this report. Those counts are also included and sum-
marized in Chapter 3 of the present report.

The LoAs issued to BP by NMFS for recent years have required on-ice dog-assisted searches for
seal structures and associated mitigation if BP’s ice-road or other construction activities moved onto
previously undisturbed landfast ice after 1 March, i.e., during the season when ringed seals give birth to
pups in lairs under the snow. Since 2002, BP has avoided on-ice activities in such areas during late
winter. Consequently, on-ice searches for seals were neither necessary nor done during those winters.

The LoAs have also required BP to monitor, during all daylight hours, a 190 dB re 1 pPa (rms)
safety zone for seals around the island if BP’s activities might produce underwater sound pressure levels
(SPLs) exceeding that level. Impact pile (or pipe) driving in water bordering the island is the one
potential BP activity that might create such sound levels (see Blackwell et al. 2004b). However, BP has
not conducted impact pile or pipe driving in water around Northstar during the reporting period, so no
monitoring of this type was required or conducted.

3. Acoustic Monitoring of Bowhead Whale Migration

One of the key components of the monitoring required by both NMFS and the NSB from the start
of the Northstar project has been monitoring of the autumn bowhead migration past Northstar. The main
concern is the possibility that migrating bowheads might be deflected offshore or otherwise affected as a
result of exposure to underwater sounds from Northstar activities. The recent LoAs specified that BP
would, in a manner consistent with recommendations at the 2006 open-water peer-review meeting, mon-
itor the bowhead migration past Northstar by acoustic localization methods (primarily DASARs) to
document relative numbers of bowhead calls vs. distance offshore in the southern part of the migration
corridor.

The 2001-2004 acoustic localization study of the bowhead migration past Northstar showed that, at
times in autumn 2001 to 2004 with higher-than-average levels of underwater sound from Northstar, the
southern edge of the distribution of calling bowhead whales near Northstar tended to be slightly farther
offshore. The acoustic data do not allow us to distinguish whether this was a noise-induced offshore
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deflection, a noise-induced change in calling rate, or a combination of the two, but in any case, it
represented a noise-induced change in bowhead behavior.

The NSB’s Science Advisory Committee, after reviewing the results obtained up to 2004, agreed
with a proposal by BP that it would be appropriate to scale back the bowhead monitoring program for
three years (2005-2007), with the possibility of then conducting a more intensive monitoring effort again
for at least one year (2008). In the meantime, a reduced acoustic monitoring program was to be conduct-
ed each year, along with additional analyses of the large acoustic dataset from 2001-2004. The annual
open-water peer-review meetings in 2005 and subsequent years supported this conclusion.

During the 2005-2007 period, a smaller array of DASARs was deployed at 3 or 4 offshore
locations, including one location that was used in every year of the study from 2001 to 2007 (and again in
2008-2009). The smaller array used in 2005-2009 allowed counting of whale calls, determining call
types, and characterizing the approximate location of the migration corridor by analyses of bearings to the
calls. (It also provided data on industrial and background sound levels offshore of Northstar.) Results of
the bowhead monitoring in 2005-2007 were described in the “Annual Summary Reports” (included as
Appendices B-D) and are summarized in Chapter 5 of this report.

In early 2008, it was agreed among BP, NMFS and NSB that the monitoring program should be
expanded for one season, as had been envisaged by the SAC review in 2005. The primary objective of
the 2008 monitoring was again to assess the effects of Northstar production activities, especially their
underwater sounds, on the southern part of the distribution of calling bowhead whales during their
autumn migration. There was a desire to extend the monitoring capability farther offshore, so the
DASAR array was modified. It again included instruments at 10 offshore locations (as in 2001-2004),
but in 2008 the DASARs were farther apart (7 rather than 5 km) and extended to 38 km (24 mi) offshore
rather than the maximum 21.5 km (13.4 mi) that had applied in 2001-2004. The 2008 program provided
a very large dataset; more bowhead calls were detected than in any other year (see the “Annual Summary
Report” in Appendix E, and Chapter 5 of this report). However, several marine seismic programs were
active in the Beaufort Sea at times during the 2008 field season, and large numbers of airgun pulses were
also detected by the DASAR array seaward of Northstar. Given that seismic programs are known to
affect the distribution of migrating bowhead whales as observed both visually and acoustically (e.g.,
Miller et al. 1999; Greene et al. 1999a,b), it was decided (in consultation with NMFS and NSB) that the
extensive airgun activity in 2008 would make it difficult to detect and characterize any Northstar effect on
the distribution of calling whales. Consequently, the 2008 data were not analyzed in detail to test for a
Northstar effect.

Instead, during the late summer/early autumn of 2009, the extensive array of 10 DASARs extend-
ing to 38 km offshore was deployed again. In 2009, less seismic survey activity was expected. A moder-
ate number of bowhead calls (relative to other years) were detected that season. There was some seismic
survey activity in 2009 as well, but it was less frequent and more distant than in 2008 (see “Annual Sum-
mary Report” in Appendix F, and Chapter 5 of this report). Consequently, it was decided to go ahead
with a comprehensive analysis of the 2009 bowhead call data to assess possible effects of fluctuating
Northstar sounds on the distribution of calls. In 2009, for the first time, various measurements of indus-
trial sound (both Northstar-related and airgun) as received offshore were used as covariates in the
analysis, along with the measurements of sound emanating from the Northstar area. The results of this
analysis of the 2009 data are described in Chapter 6 of the present report. The 2009 results are quite
different from those of 2001-2004, and the data suggest that this was at least partly because of the
confounding influence of the distant seismic surveys in 2009.
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4. Subsistence Hunt for Bowheads and Whaler Perceptions of Industry Effects

The NSB’s Science Advisory Committee, in its 2005 review of BP’s Northstar monitoring work,
recommended that local and traditional knowledge of Nuiqsut whalers be incorporated into reports
concerning BP’s Northstar monitoring. This has been done since 2005 by the participation of Michael S.
Galginaitis (MSG) of Applied Sociocultural Research, Anchorage, in the BP monitoring program. Each
autumn, generally in September, the Nuigsut whalers are based at Cross Island, about 27 km (17 mi) east of
Nuigsut (Fig. 1.1), and hunt bowheads from there. MSG has (with support from the Minerals Management
Service, MMS) observed and characterized the bowhead hunts at Cross Island during every autumn
migration season since 2001. His work on the island has included providing the whalers with GPS data
loggers to document the routes that they took when scouting for bowheads.

From 2005 onward, MSG has —in the BP monitoring reports — summarized information about
each year’s bowhead hunt, and about whaler perceptions of that year’s whale migration, weather and ice
conditions, bowhead feeding activity or skittish behavior (if observed), and interactions between vessel
traffic and the hunt. MSG’s initial review and summary, including available information for years prior
to 2005, appeared in the first Comprehensive Report (Galginaitis 2008). Corresponding information for
each year from 2006 to 2009 was included in MSG’s chapters in BP’s “Annual Summary Reports” for
those years (see Appendices C—F). Chapter 7 of the current Comprehensive Report summarizes the
results for all nine years (2001-2009) that MSG has spent on Cross Island during the autumn whaling
season.

This effort to incorporate information about the hunt and about whaler perceptions into the BP
monitoring program addresses the NSB-SAC’s recommendation on this topic. It is not a specific require-
ment of the LoAs issued by NMFS.

REPORTS AND PUBLICATIONS ON NORTHSTAR MONITORING

The present comprehensive report describes BP’s Northstar activities and the associated Northstar
monitoring work from 2005 to 2009, with frequent references to monitoring work in prior years as well.
This report summarizes BP’s activities, acoustical measurement work, and seal and whale studies. It also
summarizes the subsistence hunts for bowhead whales near Cross Island, and whaler impressions of the
bowhead migrations and any industrial effects on the hunt.

The main body of this report includes eight chapters, some with Annexes of supporting material:
e Chapter 1 of the report is this general introduction.

e Chapter 2, by R. Rodrigues and L. Aerts of LGL Alaska, describes BP’s activities during 2005-2009,
with a brief summary of previous Northstar activities and of planned activities in early—mid 2010.

e Chapter 3, also by R. Rodrigues and L. Aerts, summarizes sightings of seals by Northstar person-
nel during 2005-2009, primarily during the late winter and break-up periods, with additional
details in Annexes.

o Chapter 4, by S.B. Blackwell and colleagues from Greeneridge Sciences Inc., describes the under-
water sounds associated with Northstar during the late summer/ early autumn period when bowhead
whales migrate past Northstar, including data from seafloor recorders (DASARs) ~450 m (% mi)
seaward of Northstar and from recorders farther offshore. There is some emphasis on data from
2005-2009, but 2001-2004 data are also summarized for comparative purposes.
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e Chapter 5, by K.H. Kim and colleagues from Greeneridge and LGL, describes the acoustic mon-
itoring of bowhead whales seaward of Northstar, based on detection of calling bowhead whales by
the seafloor recorders deployed in 2005-2009 and also in 2001-2004. An Annex to Chapter 5
includes the manuscript of a paper documenting slight directionality in bowhead whale calls. The
calls are shown to be (on average) stronger ahead than behind the whales, as determined by analysis
of 2008 data from the DASARs offshore of Northstar.

e Chapter 6, by T.L. McDonald and colleagues from WEST Inc., LGL and Greeneridge, analyzes the
whale call data from 2009 to assess Northstar effects on the distribution of bowhead calls near the
southern edge of the bowhead migration corridor. This analysis takes account of fluctuating
underwater sounds measured near Northstar and offshore, variable airgun sound, and various
natural environmental variables. The statistical approach is a further development of methods
developed for analysis of the 2001-2004 data on bowhead calls (McDonald et al. 2008 and in
review; Richardson et al. 2008).

e Chapter 7, by M.S. Galginaitis of Applied Sociocultural Research, concerns the subsistence hunts
for bowheads passing Cross Island and the perceptions of the subsistence whalers regarding the
characteristics of each year’s bowhead migration and the possible influences of industrial activities
on the whales and the hunt.

e Chapter 8, by W.J. Richardson and colleagues of LGL Ltd. and WEST, summarizes the numbers
of seals and whales potentially affected by Northstar activities, principally in 2005-2009, insofar
as can be determined. It also discusses the potential implications for access by subsistence
hunters to hunted species of marine mammals.

Six previous related reports describing BP’s Northstar activities and the associated marine mammal
and acoustical monitoring are included on the accompanying CD-ROM as Appendices A—F. Appendix A
is the final version of the main text (14 chapters) of the previous Comprehensive Report on Northstar
activities and monitoring in 1999-2004 (Richardson [ed.] 2008). Appendices B-F are BP’s “Annual
Summary Reports” concerning Northstar activities and monitoring in 2005-2009, respectively (Richard-
son [ed.] 2006, 2007; Aerts and Richardson 2008, 2009, 2010). The annual summary reports document
BP’s activities, seal sightings, acoustical measurements, and acoustical monitoring of calling bowhead
whales, along with subsistence whaling activities at Cross Island, for each of the five years summarized in
this Comprehensive Report. For individual years, more details about some of the topics can be found in
the annual summary reports than in the present report.

Also included, as Appendices H-O, are copies of eight refereed papers or manuscripts published or
completed since 2005 based on the aforementioned studies. Each of these provides supporting information
relevant to one or more of the chapters in this report. Six of these are papers that have been published since
2005 (Blackwell and Greene 2005, 2006; Moulton et al. 2005; Williams et al. 2006; Blackwell et al. 2007;
Greene et al. 2008). A paper in manuscript form (McDonald et al. — Appendix O) is currently “in review”
by a journal, and another manuscript (Moulton et al. — Appendix M) is currently being revised for resub-
mission. A ninth paper (Blackwell et al., in review) is included in printed form as an Annex to Chapter 5 in
this report.

Several additional papers based on our early work at Northstar were published prior to 2005; most
of those were included on the CD-ROM that accompanied the first Comprehensive Report (Richardson
[ed.] 2008). Table 1.3 lists the authors, title, and status of each journal publication and manuscript, com-
pleted or currently planned, based on the Northstar studies.
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TaBLE 1.3. Authors and titles of publications and manuscripts resulting from the Northstar marine
mammal and acoustic studies program, 1999-2010. Papers included as part of this report, either on CD-
ROM or in Annex 5.1, are shown in blue. CR#1 means “First Comprehensive Report”, Richardson (ed.,

2008). Author and title lists for “in preparation” manuscripts are tentative.

Authors

Title

Status

Acoustical Studies

Blackwell, S.B., C.R. Greene Jr., and
W.J. Richardson (2004)

Blackwell, S.B., and C.R. Greene Jr.
(2005)

Blackwell, S.B., and C.R. Greene Jr.
(2006)

Greene, C.R., Jr., S.B. Blackwell
and M.W. McLennan (2008)

Bowhead Whale Studies

Greene, C.R., Jr., M.W. McLennan,
R.G. Norman, T.L. McDonald,

R.S. Jakubczak, and

W.J. Richardson (2004)

Blackwell, S.B., W.J. Richardson,
C.R. Greene Jr., and B. Streever
(2007)

Streever, B., R.A. Angliss,

R. Suydam, M. Ahmaogak, C. Bailey,
S.B. Blackwell, J.C. George, and

6 others (2008)

McDonald, T.L., W.J. Richardson,
C.R. Greene Jr., S.B. Blackwell,
C.S. Nations, R.M. Nielson, and
B. Streever

Blackwell, S.B., T.L. McDonald,
K.H. Kim, L.A.M. Aerts, W.J.
Richardson, C.R. Greene Jr., and
B. Streever

Richardson, W.J., T.L. McDonald,
C.R. Greene Jr., S.B. Blackwell and
B. Streever

Drilling and operational sounds from
an oil production island in the ice-
covered Beaufort Sea.

Underwater and in-air sounds from a
small hovercraft

Sounds from an oil production island
in the Beaufort Sea in summer:
characteristics and contribution of
vessels

Sounds and vibrations in the frozen
Beaufort Sea during gravel island
construction

Directional frequency and recording
(DIFAR) sensors in seafloor record-
ers to locate calling bowhead whales
during their fall migration

Bowhead whale (Balaena mysti-
cetus) migration and calling behav-
iour in the Alaskan Beaufort Sea,
autumn 2001-04: an acoustic
localization study

Progress through collaboration: a
case study examining effects of
industrial sounds on bowhead
whales.

Detecting changes in the distribution
of calling bowhead whales exposed
to fluctuating anthropogenic sounds

Directionality in the calls of bowhead
whales

Distribution of calling bowhead
whales near an oil production island
with variable underwater sound,
2001-2004

J. Acoust. Soc. Am. 116(5): 3199-
3211 (Appendix J to CR#1)

J. Acoust. Soc. Am. 118(6): 3646-
3652 (included as Appendix H)

J. Acoust. Soc. Am. 119(1): 182-
196 (included as Appendix I)

J. Acoust. Soc. Am. 123(2): 687-
695 (included as Appendix J)

J. Acoust. Soc. Am. 116(2):
799-813 (Appendix S to CR#1)

Arctic 60(3): 255-270 (included as
Appendix N)

Bioacoustics 17(1-3): 345-347

MS (submitted): included as
Appendix O

MS (submitted): included as Annex
5.2 to Chapter 5 of this report

MS (in preparation); based on
Chapter 10 of CR#1

...continued
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Title
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Blackwell, S.B., T.L. McDonald,
R.M. Nielson, C.S. Nations,

C.R. Greene Jr., W.J. Richardson,
and B. Streever

Seal Studies

Harris, R.E., G.W. Miller, and
W. John Richardson (2001)

Moulton, V.D., W.J. Richardson,
T.L. McDonald, R.E. Elliott, and
M.T. Williams (2002)

Moulton, V.D., W.J. Richardson,
M.T. Williams, and S.B. Blackwell
(2003)

Blackwell, S.B., J.W. Lawson, and
M.T. Williams (2004)

Moulton, V.D., W.J. Richardson,
R.E. Elliott, T.L. McDonald,
C. Nations, and M.T. Williams (2005)

Williams, M.T., C.S. Nations,
T.G. Smith, V.D. Moulton,
and C.J. Perham (2006)

Moulton, V.D., M.T. Williams,
S.B. Blackwell, W.J. Richardson,
R.E. Elliott, and B. Streever

Effects of an oil production island in
the Beaufort Sea on the calling
behaviour of bowhead whales

Seal responses to airgun sounds
during summer seismic surveys in

the Alaskan Beaufort Sea’

Factors influencing local abundance
and haulout behaviour of ringed
seals (Phoca hispida) on landfast ice
of the Alaskan Beaufort Sea

Ringed seal densities and noise near
an icebound artificial island with
construction and drilling

Tolerance by ringed seals (Phoca
hispida) to impact pipe-driving and
construction sounds at an oil
production island

Effects of an offshore oil develop-
ment on local abundance and
distribution of ringed seals (Phoca
hispida) of the Alaskan Beaufort Sea

Ringed seal (Phoca hispida) use of

subnivean structures in the Alaskan
Beaufort Sea during development of
an oil production facility

Zone of displacement for ringed
seals (Pusa hispida) wintering
around offshore oil production oper-
ations in the Alaskan Beaufort Sea

MS (in preparation); based on
Chapter 12 of CR#1

Mar. Mamm. Sci. 17(4): 795-812

Can. J. Zool. 80(11): 1900-1917
(Appendix K to CR#1).

Acoust. Res. Let. Online 4(4):
112-117 (Appendix L to CR#1)

J. Acoust. Soc. Am. 115(5):
2346-2357 (Appendix P to CR#1)

Mar. Mamm. Sci. 21(2): 217-242
(included as Appendix K)

Aquat. Mamm. 32(3): 311-324
(included as Appendix L)

MS (in preparation); included as
Appendix M.

In summary, this volume and its associated Appendices is a comprehensive report on the marine
mammal studies and acoustical measurements done in association with BP’s Northstar Development
during 2005-2009, with considerable reference to earlier Northstar monitoring work. The report also
includes descriptions of BP’s activities, principally those in 2005-2009 and those planned for 2010.
Many of the marine mammal and acoustical results from individual years or on specific topics have been
reported previously in annual reports and journal papers. Those documents are included in electronic
form as Appendices to this report, or (for documents completed before 2005) on the CD-ROM
accompanying the previous Comprehensive Report.

* This paper concerns a BP seismic survey conducted (in part) at the Northstar site.
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ABSTRACT

In 1999 BP Exploration (Alaska) Inc. (BP) began construction of an offshore island for future oil
production on submerged remnants of Seal Island, a man-made island originally constructed in 1982. The
new oil development was called Northstar. BP’s construction and initial production activities at North-
star, through 2004, were described in an earlier Comprehensive Report. This chapter describes contin-
uing oil production in 2005-2009, along with associated support and maintenance work. A brief descrip-
tion of ongoing and proposed activities in 2010 is also included. This chapter was prepared to meet the
regulatory requirement for a description of BP’s Northstar activities during the 5-year period covered by
the current “Northstar regulations”, at 50 C.F.R. §216.200-210, and by annual Letters of Authorization
issued by the National Marine Fisheries Service to BP under those regulations.

As in previous years ice roads were constructed to facilitate on-ice transportation during winter and
early spring. Ice-road construction began in Nov. or Dec. and the road was generally functional from Jan.
until mid- to late May. Standard buses, vans, and pick-up trucks were the primary vehicles used for trans-
portation of personnel and equipment to and from Northstar during that period. Several types of tracked
vehicles were also used early and late during the ice-covered period. During the open-water periods, a
hovercraft and Bell 212 helicopter were the primary means of transportation of personnel. Crew vessels
were also used occasionally and barges were used to transport equipment, supplies, and fuel.

Drilling into oil-bearing strata occurred during the winter months each year but did not occur dur-
ing break-up or open-water periods. However, well maintenance activities using the drill rig to lower
cables down the hole occurred above the formation depth in the 2005 and 2006 open-water seasons.

Four or more aerial surveys were conducted each month to inspect the pipeline between Northstar
and shore for leaks or spills. An automated system was also used continuously to detect any pipeline
spills. No reportable conditions were recorded using either monitoring method. A number of small spills
of various types of material on the island were reported each year. These materials were all cleaned up.
No clean up after flare events was required during the reporting period.

Maintenance activities to repair the shoreline protection system (concrete blocks and fabric barrier)
occurred during the latter part of the ice-covered period and extended into the open-water period in 2005—
2007. Equipment used included a Manitowoc 888 crane, Volvo 150D loader, John Deere 650H exca-
vator, Ingersoll-Rand zoom-boom, air compressors, Chinook 800 and Tioga heaters, and generators.

Repair activities in 2008 involved placement of boulders along the northeast corner of the island
during the ice-covered period and some minor repair activities during the subsequent open-water period.
Boulders were hauled to Northstar in March and April via the ice road. A Caterpillar 966 loader, Cater-
pillar 345B excavator, and John Deere 850 dozer were used for boulder placement. In 2009 repairs to the
block system and fabric barrier similar to those in 2005-2007 were necessary on the northwest side of the
island. Repair techniques and equipment used were similar to those used in 2005-2007.

In 2010 BP began an expansion project in the SE corner of Northstar to accommodate a new
operations center scheduled to arrive in 2012. Removal of the drill rig, for which some dredging activity
may be necessary, and construction of a water intake system are also planned for 2010.

BP continued acoustic studies each fall to monitor sounds from Northstar and calling bowhead
whales during their westward migration. In 2008 BP also deployed sensors on the bottom at three sites to
increase knowledge about wave and ice forces affecting the Northstar protection barrier. Retrieval and re-
installation of the sensors is planned once a year for 3 to 5 years. In addition to BP’s activities, various
other industry and agency activities occurred near Northstar during the 2005-2009 reporting period.
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INTRODUCTION

BP Exploration (Alaska) Inc.’s activities at its oil production facility at Northstar Island from 1999
through the end of the 2004 open-water period were described in detail in an earlier report (Rodrigues and
Williams 2006). That report also briefly described BP’s activities during the winter of 2004—2005. The
present chapter provides a detailed description of BP’s Northstar activities for the period 1 Nov. 2004
through the 2009 open-water period ending on 31 Oct. 2009. To make the text less cumbersome, the
period addressed in this chapter is often referred to as the 2005-2009 reporting period.” At the request of
the National Marine Fisheries Service (NMFS), a brief summary of BP’s current construction and main-
tenance activities during the 2010 ice-covered period is presented along with a summary of activities
proposed for the 2010 open-water period.

Objectives

Before construction and oil production began, BP requested authorizations from the NMEFS to
allow “taking” of small numbers of whales and seals incidental to activities at Northstar. The annual
authorizations issued by NMFS for 2005-2009 required BP to provide summaries of BP’s activities at
Northstar, including “...dates and locations of ice-road construction; on-ice activities; vessel/hovercraft
operations; oil spills; emergency training; and major repair or maintenance activities that might alter the
ambient sounds in a way that might have detectable effects on marine mammals, principally bowhead
whales”. Descriptions of BP’s activities each year from 2005 through 2009 were provided in BP’s
“Annual Summary Reports™ for those years, which are included as Appendices B-F on the CD-ROM
accompanying this report. This chapter summarizes those activities for the combined 2005-2009 period,
as required to meet the reporting requirements of the incidental take regulations issued by NMFS.

Construction and Initial Production Operations, 2000-2004

Although BP’s Northstar activities in 2000-2004 have been reported previously (Rodrigues and
Williams 2006) and are outside the primary period covered by this report, they are summarized here to
provide context for the subsequent description of BP’s activities at Northstar in 2005 to 2009.

In 2000 BP built Northstar Island on the submerged remnants of Seal Island, a man-made island
originally constructed in 1982, as a platform for future drilling and oil production. On-ice work began in
late fall 1999 and early 2000 when two ice roads were constructed, one from the mainland in the Kuparuk
River Delta to Seal Island for gravel hauling, and a second ice road from Seal Island along a pipeline
right-of-way to the mainland at Pt. Storkersen. Gravel was hauled and deposited into a hole in the ice at
the location of the abandoned Seal Island beginning in Feb. 2000. In March, vibratory and impact pile
drivers were used to install a sheetpile wall around the entire working surface of the island to stabilize the
island and provide protection for future facilities. In late winter 2000, two 10-inch (25.4-cm) pipelines
were buried below the seafloor between the island and mainland and additional construction work began
on the newly-built Northstar Island. Helicopter and vessel-based monitoring was undertaken to collect
bathymetric data and information on strudel scour and ice gouges, which could present potential risk of
damage to the subsea pipelines.

Construction activities continued at Northstar during the subsequent 2000 open-water season with
installation of well conductor pipes and well insulator pipes using vibratory and impact pile drivers, and

3 Yearly reporting periods (e.g., 1 Nov. 2004 through 31 Oct. 2005) are often identified in this chapter by reference
to the year of the open-water season within that period. Thus, the 1 Nov. 2004 through 31 Oct. 2005 reporting
period may be referred to as the 2005 reporting period.
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modules and equipment were delivered via sealift barges. Continuing construction activities included
grading of the island slopes, placement of filter fabric and concrete slope protection, and placement of
foundation blocks for modules, pipe racks, and the drilling rig. Equipment used during these initial
construction activities included a Caterpillar front-end loader, American crane model 11320, Manitowoc
888 crane, APE model 200A vibratory pile driver, DELMAG D62-22 impact pile driver, Hitachi backhoe,
Caterpillar D8 bulldozer, mechanics box truck, and Polaris 6-wheelers. Crew vessels, barges and
helicopters were used to transport personnel and equipment to and from Northstar Island during open-
water seasons. Other vessel activity included spill training exercises by Alaska Clean Seas (ACS).

Ice roads were again constructed during the ice-covered period in late 2000 and early 2001, and in
subsequent ice-covered periods. Blue Bird rolligon-type vehicles with power augers and pumps, along
with tanker trucks hauling fresh water, were used for ice road construction. Once adequate thickness was
achieved, ice roads were maintained with snow blowers, front-end loaders, D-3 and D-4 Caterpillar
bulldozers, and Caterpillar 14G and 16H graders. Helicopters were also used at the beginning and end of
the ice-covered periods when ice roads were not operational. Standard vehicles including buses, vans and
pickups were used when ice roads were operational. Major construction activities during the 2000-2001
ice-covered period included assembly of the drilling rig, pipe rack, permanent living quarters, grind and
inject module, and dock improvements.

Drilling of the underground disposal well began in Dec. 2000 and drilling of production wells
continued to mid-June 2001 when it was suspended to meet regulatory requirements. Drilling into oil-
bearing strata is authorized only during the ice-covered period and not during break-up or the open-water
period. Drilling into the formation cannot begin in the late fall/early winter until a minimum of 18 inches
(0.47 m) of continuous ice has formed out to 1.5 miles (2.4 km) in all directions from Northstar, and
drilling is required to end by 13 June each year (see NMFS 2001, p. 65932).

The main oil production equipment arrived and was installed during the 2001 open-water period
and the pipeline monitoring program was continued. Oil production and gas injection at Northstar began
on 31 Oct. 2001. Both have continued from then to the present with almost no interruption.

Power generation on Northstar Island was converted from diesel generators to gas turbine gener-
ators during the 2001-2002 ice-covered period, and drilling occurred from Nov. 2001 to early June 2002.
Drilling activity above reservoir depths, continued monitoring of the subsea pipeline, and spill response
training occurred during the 2002 open-water period.

A number of activities initially begun during earlier years, some of which were seasonal, were
ongoing during 2003 and 2004. Drilling into the oil-bearing formation occurred only during the ice-
covered period as described above. Other activities during the ice-covered periods included various tests
of equipment and oil spill exercises. Ice roads were constructed during each ice-covered period using
techniques similar to those of previous years to facilitate transportation of personnel and equipment.
Crew vessels were again used to transport personnel and equipment during the 2003 open water season,
but a small hovercraft also operated in 2003. The hovercraft was used more than crew boats in 2004.
Helicopters were also used for transportation and barge traffic occurred during the 2003 and 2004 open-
water periods as in previous years. Berm reconstruction around the perimeter of Northstar Island and
repairs to the concrete block slope protection system were undertaken during the 2003 open-water season
and were continued in 2004. Other maintenance activities during the 2003 open-water period included a
well cellar retrofit project, modification to the hovercraft landing area, and installation of thermosiphons
along some on-island pipelines to prevent thawing and uneven settlement of gravel.
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Many of the Northstar and Northstar-related activities that were conducted in 2002—-2004 continued
in subsequent years. The following sections of this chapter describe BP’s activities at and in support of
Northstar from 2005 to date.

TRANSPORTATION

Numerous types of vehicles were used to transport personnel and equipment to and from Northstar
during the previous reporting period (1999-2004) depending in part on the time of year. The same or
similar types of vehicles were used during the current 2005-2009 reporting period.

During the ice-covered period (defined as the period from 1 Nov. through 15 June of the subseq-
uent year) most access to Northstar was via an ~12 km (7.4 mi) ice road constructed from West Dock to
Northstar Island (Fig. 2.1). Construction of the ice road began in Nov. or Dec. each year, and the road
was generally operational from Dec. or Jan. until mid- to late May. Methods used to construct the ice
road are discussed in detail in the previous Comprehensive Report describing BP’s monitoring activities
at Northstar through 2004 (Rodrigues and Williams 2006), and in the various annual reports. Standard
buses, vans, and pick-ups are the primary types of vehicles used for transportation of personnel, supplies,
and materials to Northstar when the ice road is operational. Several types of tracked vehicles including
Hégglunds, Tucker, and Mattrak-equipped standard vehicles may also operate at the beginning and end of
the ice-covered period when the ice road is not useable by conventional vehicles.

Northstar
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Stump
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0
— |ce Road 1 {
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Ocean Depth Contours

3 Kilemeters

FIGURE 2.1.
showing possible ice road route.
conditions.

Transportation corridor to Northstar Island during ice-covered periods

Routes may vary among years due to local ice
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During the open-water period (defined as 16 June through 31 Oct.) Bell 212 helicopters, a Griffon
2000 TD hovercraft, barges and Bay-class boats were used for transportation of personnel and equipment
to and from Northstar. Helicopters and the hovercraft may also be used during the ice-covered period if
necessary or most practical. The hovercraft generally traveled along the ice road in the spring until the
ice started to move and break up (Fig. 2.1). Thereafter the hovercraft route changed as needed depending
on weather and ice conditions.

BP also maintains ARKTOS articulated vehicles on Northstar Island to be used in case of emer-
gency evacuation. Two ARKTOS vehicle were available on Northstar until 2008 when BP added a third
ARKTOS vehicle to increase emergency evacuation capacity and allow for additional personnel to be on
the island.

Bell 212 Helicopter

Bell 212 helicopters (Fig. 2.2) may be used at any time of the year for Northstar transportation
needs. Helicopter routes to and from Northstar were negotiated with the U.S. Fish and Wildlife Service
(USFWS) and the NMFS during early planning of Northstar operations. Various Letters of Authorization
(LoAs) issued to BP by NMFS stated that helicopter flights to support Northstar operations were limited
to a corridor from Northstar to the mainland and, except when taking off, landing or when limited by bad
weather, must maintain a minimum altitude of 305 m (1000 ft).

Most helicopter activity during the 2005-2009 reporting period occurred during freeze-up in fall
before the ice road was operational (Table 2.1). Helicopter activity resumed in the spring after the ice
road was no longer operational although activity was generally reduced compared to that of the fall
period. Little helicopter activity occurred during winter months. The amount of Northstar helicopter
activity varied annually during the reporting period with lowest levels in 2004/05 and highest levels in
2005/06.

FIGURE 2.2. Bell 212 helicopter used for transportation of personnel to and from
Northstar.
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TABLE 2.1. Monthly and total annual Bell 212 helicopter round trips to
Northstar, 2005-2009.

Month 2004/05 2005/06 2006/07 2007/08 2008/09
November 48 193 189 131 40
December 19 153 116 81 13
January 16 18 6 8 1
February 5 0 0 0 0
March 0 0 4 0 0
April 0 0 0 0 0
May 0 66 9 0 8
June 41 69 27 9 182
July 12 26 17 11 24
August 1 33 3 13 13
September 9 13 42 28 46
October 70 155 112 60 35
Total 221 726 525 341 362

Griffon 2000 TD Hovercraft

The Griffon 2000 TD hovercraft (Fig. 2.3) was first used in 2003 for transportation of personnel to
and from Northstar. The hovercraft may be used during both the ice-covered and the open-water periods
although no hovercraft activity occurred during March and April of 2005-2009 (Table 2.2). The hover-
craft is powered by a 355 hp air-cooled Deutz diesel engine and is 11.9 m (39 ft) in length (Blackwell and
Greene 2005). The hovercraft is capable of carrying a payload of 2268 kg (5000 1b). Most hovercraft
activity during the 2005-2009 reporting period occurred from the summer open-water period through fall
and diminished rapidly as the ice road became operational. Much less hovercraft activity occurred from
Jan. through May when conventional vehicles (mainly pick-ups, vans, and buses) were used to transport
personnel. The level of hovercraft use was similar from 2005/06 through 2008/09, but was much lower in
2004/05 (Table 2.2).

FIGURE 2.3. Griffon 2000 TD hovercraft at the landing area on Northstar Island.
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TABLE 2.2. Monthly and total annual round trips to Northstar by the
Griffon 2000 TD hovercraft, 2005-2009.

Month 2004/05 2005/06 2006/07 2007/08 2008/09
November 22 0 75 23 72.5
December 61 83 326 101.5 104
January 37 7 3 149.5 159
February 0 0 0 37 3
March 0 0 0 0 0
April 0 0 0 0 0
May 14 82 61 47.5 94.5
June 84 124 205 131.5 161.5
July 37 124 97 122.5 90.5
August 45 114 100 135 79.5
September 41 162 36 84 83
October 27 113 18 40 64.5
Total 368 809 921 871.5 912

Tracked Vehicles

Hiigglunds tracked vehicles (model 206 SUSV; Fig. 2.4) with personnel carriers were used to
transport personnel and materials between West Dock and Northstar during periods when the ice road did
not permit standard vehicle traffic. These situations occurred mainly in the months just prior to comple-
tion of the ice road in early winter, and again during spring break-up when meltwater accumulating on the
ice road prevented standard vehicles from safely transiting to and from the island. A Hégglunds is power-
ed by a turbocharged diesel engine capable of 143 hp at 4600 rpm; total weight of the two cars is ~4536
kg (10,000 Ib). Average transport speeds were typically 816 km/hr (5—10 mile/hr). The maximum
allowable payloads were 380 kg (838 1b) for the 4-person front car and 1250 kg (2756 1b) for the 8-person
personnel carrier.

The Héagglunds made 25, 70, and 37 round trips between West Dock and Northstar Island during
the 2004/05, 2005/06, and 2006/07 ice-covered periods, respectively (Table 2.3). Héagglunds vehicles
were apparently used more extensively during earlier phases of the Northstar development (2001-2003)
when they were used 14 times a day on average, mainly prior to the completion of the ice-road.

A Tucker tracked vehicle and Mattrak-equipped vehicle also made occasional round trips to North-
star Island during 2004/05-2006/07, and thereafter the Tucker largely replaced the Hagglunds. Tucker
model 1600 Tucker-Terra vehicles (Fig. 2.5) were used more frequently during the 2007/08 and 2008/09
ice-covered periods (Table 2.3). Tucker vehicles are powered by a Cummins 6-Qsb 173 hp diesel engine;
weight of the Tucker ranges between ~4536 and 7257 kg (10,000-16,000 Ib). Passenger capacity on the
Tucker vehicles is 15 persons. Tucker tracked vehicles made a total of 111.5 and 127.5 round trips
between West Dock and Northstar during the 2007/08 and 2008/09 ice-covered seasons, respectively.
Most Tucker activity (83% in 2008 and 90% in 2009) occurred in Jan. with few round trips in Dec. and
the Feb.—May period. Hégglund and Mattrak vehicles made only occasional round trips to Northstar
Island during the 2007/08 and 2008/09 ice-covered seasons. Tracked vehicles were used much more
often in 2008 and 2009 than in 2005-2007 (Table 2.3).
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FIGURE 2.4. Hagglunds tracked vehicle and personnel carrier.

TABLE 2.3. Round trips between West Dock and Northstar Island by
Hagglunds (2004/05-2006/07) and Tucker (2007/08—-2008/09) track-
ed vehicles operating on the ice.

Year Round Trips

2004/05 25

2005/06 70

2006/07 37

2007/08 111.5

2008/09 127.5
Vessel Activity

Tugs with barges and smaller ACS Bay-class boats (in addition to helicopters and hovercraft)
were used to meet Northstar transportation needs during the open-water periods. Barges for transport of
fuel and cargo to Northstar are typically ~46-61 m (160-200 ft) in length and tugs are ~20 m (65 ft).
Bay-class boats are ~13 m (~42 ft) in length and normally are used as oil spill response vessels.

During 2005-2009, most (~80%) of the Northstar-related barge traffic occurred during Aug. and
Sept., with the highest amount of barge traffic occurring in Aug. (Table 2.4). However, barge trips were
about equally frequent during Aug. and Sept. in 2006 and 2009. The amount of barge traffic was similar
each year in 2007-2009, but higher in 2006 and lower in 2005.
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FIGURE 2.5. Tucker tracked vehicle used for transport of personnel during early winter and during spring
break-up.

TABLE 2.4. Number of tug/barge round trips to Northstar during the open-
water periods, 2005-2009.

Year July August September October Total
2005 3 10 7 1 21
2006 10 25 25 4 64
2007 3 32 4 1 40
2008 5 26 12 2 45
2009 8 15.5 16 5 44.5
Total 29 108.5 64 13 214.5

Bay-class boats (Fig. 2.6) were used to transport personnel to and from Northstar when weather
conditions prevented the use of the hovercraft. Over the entire 2005-2009 period, Bay-class boat activity
was greater in Sept. than other months although this was not the case each year (Table 2.5). In 2006 more
Northstar-related Bay-class boat activity occurred in Aug. than in other months. As with barge traffic,
~80% of Bay-class boat traffic occurred in Aug. and Sept. Within the 2005-2009 period, the amount of
Bay-class boat activity was greater in 2006 and 2007 than in other years and was lowest in 2005. In
addition to the trips to Northstar, each year a few trips extended seaward of Northstar in support of
acoustic and (in 2009) visual monitoring of the bowhead whale migration (see Acoustic Studies of Calling
Bowhead Whales below).

ARKTOS Evacuation Craft

Two ARKTOS articulating evacuation craft (Fig. 2.7) were available at Northstar as emergency
evacuation vehicles until 2008 when a third ARKTOS was added. Each ARKTOS is powered by two
Cummins 260 hp diesel engines and weighs 29,484 kg (65,000 1b). Each ARKTOS is 15 m (50 ft) in
length and 3.9 m (13 ft) high with a beam of 3.8 m (12 ft 9 in). In water the ARKTOS craft are propelled
by two 14-inch-diameter water jets. The maximum speed is 16 km/hr (10 mph) on land or ice and 6 knots



Chapter 2: BP’s Activities at Northstar, 2005-2009  2-11

FIGURE 2.6. ACS Bay-class boat “Harrison Bay”.

TABLE 2.5. Number of Bay—class boat round trips to Northstar during the
open-water periods, 2005-2009.

Year July August September October Total
2005 0 2 10 2 14
2006 1 69 33 3 106
2007 22 41 71 3 137
2008 15 8 16 16 55
2009 15 17 32 1 65
Total 53 137 162 25 377

FIGURE 2.7. ARKTOS emergency evacuation craft.
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in water. Each ARKTOS is capable of carrying 52 people, 24 in the front section and 28 in the rear
section. Training exercises with the ARKTOS craft were conducted periodically during both the ice-
covered and open-water periods, as noted below under “Training Activities”.

PRODUCTION ACTIVITIES

Power Generation

Five gas turbines are located at Northstar Island including three Solar®™ generators for power
generation and two GE LM-2500 high pressure compressors for gas injection. Each Solar® generator is a
13,000 hp (9700 kW) gas turbine, rated at 10,780 rpm and operating at 9500 rpm. Only two of the three
gas-turbine generators operate at any given time. Preventative maintenance on these generators occurs
twice per month at which time the inactive generator is activated. A diesel backup generator that is
operated for one hr on a bi-monthly basis is available for emergency situations. Each high pressure
compressor is a 30,000 hp (22,370 kW) gas turbine, rated at 10,000 rpm and running between 9000 and
9400 rpm; speed varies with the gas injection rate. One of the two compressors operates continually with
the second compressor operating at a reduced rate. There is also a low-pressure compressor driven by a
5000 hp (3730 kW) electric motor running at a constant speed of 3600 rpm.

Drilling and Pipe Driving

Nabors drill rig 33E, which had been on the island since 2000, was used for ongoing drilling
operations during the ice-covered period each year during the 2005-2009 reporting period (Table 2.6).
Drilling into the oil-bearing strata did not occur during the summer months. Well maintenance activities
using the drill rig to lower cables with equipment down the hole occurred above the formation during the
open-water period in 2005 and 2006.

Pile drivers were used occasionally in order to install well conductor pipe. Vibratory pipe driving
using an APE 200 vibratory pile driver and impact pipe driving using a DELMAG D-100 impact pile
driver occurred on 8—9 May 2006 during installation of conductor pipes at two Northstar well sites (wells
NS-33 and NS-36). Vibratory pile driving also occurred in Feb. and in July—Aug. 2008 during placement
of thermosiphons, which were part of the thaw protection system.

Oil Spill Inspections

Each month four or more aerial surveys were conducted to inspect the pipeline for leaks or spills.
Aerial surveys were conducted primarily from a Twin Otter (DHC-6) with a CASA 212 aircraft as a
backup. Forward-looking infrared (FLIR) devices were used on an as-needed basis. In addition, LEOS
technology (Leck Erkennung und Ortangs System, also known as Leak and Location System) and Ed
Farmer Mass-Pack leak detection system were used continuously to detect oil spills. No reportable
conditions were recorded using any of these methods.

Reportable Spills

Reportable spills occurred at various times throughout the reporting period during both the ice-
covered and open-water periods. Overall more reportable spills occurred during the ice-covered than
open-water periods (Table 2.7). These spills generally involved small amounts (often <1 gallon) of
various types of material, some of which was in containment and recovered, and others which were
cleaned up. Equipment used for clean up included waste bags and drums, absorbent pads, various
scrapers and hand tools, sorbents, loader with bucket, bobcat, acid neutralizers, and air-actuated drum
vacuum. The largest reported spills included
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e 318 gal of drilling mud on 9 Dec. 2006,

e 1022 gal of drilling mud on 17 Feb. 2007,

e 1590 gal of diesel on 12 Aug. 2007, and

e 500 gal of tri-ethylene glycol on 9 Jan. 2008.

Most spilled material was contained on Northstar Island and very little reached the Beaufort Sea.
Material spilled into the Beaufort Sea, either onto ice or in water, included

e 1 gallon of hydraulic fluid on 3—4 Jan. 2006,

e 3 gal of power steering fluid on 31 Dec. 2007,

e (.25 gal of hydraulic fluid on 9 Aug. 2008, and

e an unknown amount of fuel released from a water jetting pump for divers on 26 May 2009.

All materials spilled on the island or in the Beaufort Sea (on ice or in water) were cleaned up. See
Annexes 2.1-2.5 for complete lists of reported spills, as listed in Annual Summary Reports since 2005.

Gas flaring is used to eliminate waste gas that cannot be used or transported, and as a safety mea-
sure to prevent over pressurization. Flaring can result in deposition of residual hydrocarbons, and BP
conducts inspections after flare events. A design problem in the early years of operation (2002—2004)
resulted in unusual flare events that necessitated some clean up activity (Rodrigues and Williams 2006).
The problems were related to malfunction of a low-pressure compressor and were resolved in 2004. No
clean up activities were necessary after Northstar flaring events from 2005 through 2009.

TABLE 2.6. Date and description of drilling and pile driving activity at Northstar, 2005-2009.

Year Dates Activity
2004/05 9 Jan.—14 May Drilling activity plus rig set-up and break-down
2005/06 7 Dec. 2005-12 May 2006 Well drilling and maintenance at six sites
8-9 May Vibratory and impact pile driving for conductor pipe installation
2006/07 17 Nov. 2006—1 May 2007 Well drilling at two sites
2007/08 18 Jan.—12 May Well drilling at two sites
15-19 Feb., 24 Jul.—10 Aug. Vibratory pile driving for placement of thermosiphons
2008/09 Jan. through May Well drilling at one site

TaBLE 2.7. Number and types of reported spills during ice-covered and open-water periods at Northstar Island,
2005-20009.

Ice- Open-

Year covered water Material

2004/05 8 5 methanol, corrosion inhibitor, diesel, oxygen scavenger, propylene glycol,
lubricants, crude oil and produced water

2005/06 17 3 corrosion inhibitor, scale inhibitor, diesel fuel, hydraulic fluid, anti-foulant, drilling
mud, sulfuric acid, hydrochloric acid, sewage and lube oil

2006/07 21 4 drilling mud, corrosion inhibitor, sewage, motor oil, diesel, hydraulic fluid, lube oil,
and propylene glycol and hydrochloric acid

2007/08 6 4 corrosion inhibitor, power steering fluid, tri-ethylene glycol, sewage and hydraulic
fluid

2008/09 13 15 Lubricant, hydraulic oil, tri-ethelene glycol, corrosion inhibitor, wastewater, glycol,

produced water, diesel, sewage
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Training Activities

Various training activities occurred during both the ice-covered and open-water periods each year
of the reporting period. Training sessions for the spill response team were generally given every Monday
evening, and the fire brigade underwent weekly training on Saturday evenings. These training sessions
included a combination of classroom instruction and field activities including activation of fire fighting
equipment and deployment and charging of fire hoses. Oil spill response training activities occurred in
the field on floating ice during 2007 and 2009, and during each open-water season.

Training involving activation of the ARKTOS emergency evacuation vehicles also occurred
periodically during the reporting period. The ARKTOS vehicles were serviced and used during training
activities in the following periods: 18 to 24 Aug. 2005, 10 July 2006, 7 May 2007, and 1 July 2008.
These activities occurred on the island, in adjacent marine waters, and on floating ice. No training activ-
ities with the ARKTOS were conducted in 2009.

CONSTRUCTION AND MAINTENANCE ACTIVITIES

Maintenance activities to repair the block system and fabric barrier around Northstar occurred at
various times before 2005 and were continued in 2005 and subsequently.

In 2005, maintenance activities began on 28 May 2005 and were completed during the subsequent
open-water period on 26 June 2005. Divers were used for underwater work throughout the duration of the
procedure. Initial repair activities included melting ice using high pressure washers and a hot water sled.
Blocks were removed and sandbags were positioned in areas where gravel had been washed away. A new
fabric barrier was placed over the sandbags and the blocks were replaced and shackled together.
Equipment used included a Manitowoc 888 crane, Volvo 150D loader, John Deere 650H excavator,
Ingersoll-Rand zoom-boom, air compressors, Chinook 800 and Tioga heaters, and generators. A hot oil
unit composed of 2 pumps and 3 holding tanks with a total capacity of 135 gallons was used to heat
fluids.

In 2006 and 2007, similar maintenance activities on the block system and fabric barrier continued
at various times from May through Aug.

The 2008 repair activities involved placement of boulders along the northeast corner of the island
during the ice-covered season from 7 March to 24 April and some minor repair activities during the open-
water season in Aug. Most of the damage to the slope armor protection around Northstar was the
consequence of combined wave and ice interactions, e.g., through local pressure of large blocks of ice
rubble moving onto the slope of the island. During a heavy storm in Oct. 2006, the lower blocks along
the northeast corner of the island were removed from the protection barrier by ice impacts. Rather than
replacing these lower concrete blocks, BP planned to install large boulders at this location, and this was
completed in 2008.

The boulders were transported with four side-dump trucks (C-500 trucks with 50 ft flatbed trailer)
from a quarry in the Brooks Range to Northstar. A total of 812 round trips were made during March—
April 2008 using the ice road for transport from West Dock to the island. Boulder placement was con-
ducted with a Caterpillar 966 loader, a Caterpillar 345B excavator, and a John Deere 850 dozer. Mea-
surements of airborne sound from the placement activities were obtained in accordance with the 2008/09
LoA. Results from these in-air sound measurements suggest that most, if not all, in-air sounds generated
by rock dumping activity were below 90 dB re 20 pPa (Appendix A in Aerts and Richardson 2009,
included on CD-ROM as Appendix E).
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Following inspection of the slope protection, minor below-water repairs were conducted during
Aug. 2008 by a dive crew. This work, consisting primarily of replacing small sections of damaged or
missing blocks and re-linking missing shackles, was performed during ~5 days in early Aug. In addition,
two swales (one on the north side and one on the southeast corner of the island) were identified for repair.
Each of those repair sections would have benefited from below-water repair but that was not done in 2008
due to safety concerns related to storm potential in late Aug. However, some repair work was done from
the surface:

e At the southeast comner, the proximity of the rock berm precluded access to the below-water
slope. The repair techniques were similar to those applied during previous years, and consisted
primarily of removing the blocks from the swale, placing new fabric on the slope, installing
geotextile bags to buttress the damaged area, covering the bags with fabric and geogrid, and
replacing the blocks. The repaired area was entirely above water.

e  On the north side, the area to be repaired extended into shallow water. The objective of the repair
was to minimize further loss of gravel from the lower slope during the 2008 fall storm season.
The work was conducted from 15 to 24 Aug. Figure 2.8 shows before and after photos of the
repair areas on the north side and southeast corner.

In 2009, repairs to the block system and fabric barrier around Northstar similar to the repairs in
2005-2007 were necessary. The 2009 activities included bench block repair work on the NNW, NW and
WNW sides of the island with divers and a bench repair crew. The repair techniques were similar to
those applied during previous years, and consisted primarily of removing the blocks from the swale,
placing new fabric on the slope, installing geotextile bags to buttress the damaged area, covering the bags
with fabric and geogrid, and replacing the blocks (Fig. 2.9). This work started in the last week of April
with the cutting of ice to prepare a moat via which the divers could access the water, and was completed
on 18 June prior to break-up of the sea ice. Equipment was similar to that used in previous years.

Following inspection of the slope protection, minor below-water repairs were conducted by a dive
crew. This work, consisting primarily of replacing small sections of damaged or missing blocks and re-
linking missing shackles, occurred from 27 July to 5 Aug. 2009.

The 2010 season is outside the period being addressed specifically in this report. However, here we
briefly describe BP’s construction/maintenance activities during the latter part of the 2010 ice-covered
season and activities proposed for the 2010 open-water season. In early 2010, BP began an expansion
project on the southeast corner of Northstar to accommodate a new operations center, which will be sea-
lifted to the island in 2012. Maxi hauls (tractor/trailer dump trucks) were used to haul gravel to the island
via the ice road from ~6 March to 7 May 2010. Concrete block removal around the southeast corner
began on 11 March and installation of sheetpiles using an APE model 200A vibratory impact hammer
began on 1 April 2010. Most of the sheetpile installation (660 of 679 sheetpiles) was completed by
1 July. A vibratory compactor will be used in Aug. and Sept. to compress gravel placed in the newly-
created expansion area.

The southeast corner expansion project will include installation of a new water intake system,
which is a sump from which sea water will be pumped to the island’s reverse osmosis system to produce
potable water. The sump will be the water source for the island, including water for fire protection and
for the production process. Z-piles (sheetpiles that are Z-shaped rather than flattened) will be used to con-
struct the walls of the new sea-water intake system. Z-pile installation using a vibratory hammer is sched-
uled to occur in Sept. 2010.
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FIGURE 2.8. Before and after the 2008 repairs at the north side swale area (A=before; B=after) and at the
southeast side swale area (C=before; D=after).

Demobilization of the Nabors drill rig began on 8 July 2010. A Manitowok model 555 crane will
be used to load drill rig components onto barges for transport to West Dock. About 8 to 12 barge trips
will be required to remove the rig from Northstar. Transportation of the rig will be coordinated with
regular barge traffic that occurs annually bringing supplies and equipment to Northstar. The rig will
likely be transported on back hauls by the same barges and dedicated barge traffic for rig transportation
will likely not be necessary.

Dredging of the Northstar dock area may be necessary depending on the level of silt deposition. A
crane with a clam-shell bucket located on the island will be used if dredging is necessary. A crane mount-
ed on a barge will be used for dredging the outer portion of the dock area if necessary.

BP’S MONITORING ACTIVITIES

As summarized in Chapter 1, a variety of acoustic and biological monitoring studies were
conducted near Northstar prior to 2005, but in the present reporting period from 2005 to 2009 the
monitoring work was more narrowly focused. Acoustic measurements and acoustic monitoring of calling
bowhead whales continued each year from 2005 to 2009, and this required boat operations near and
offshore of Northstar on a few days each year, as summarized below. In addition, wave, current, and ice
sensors were deployed by boat offshore of Northstar in 2008, and re-visited in 2009 (see below). Seal
monitoring in the 2005-2009 period involved observations from Northstar island, without an supporting
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FIGURE 2.9. Block system and fabric repair (above left and right) and diver repair work (bottom left and
right) at Northstar Island in 2009.

aircraft or vessel operations, so that work is not further mentioned in this chapter; the seal monitoring is
summarized in Chapter 3.

Acoustic Studies

Underwater and in-air acoustic measurements were conducted near and offshore of Northstar
beginning in the early stages of development. The objectives of these studies were

e to document the characteristics and propagation of sounds from various Northstar-related activ-
ities during both the ice-covered season and the open-water season, and

e to monitor the westward migration of bowhead whales during late summer and early autumn by
detecting and localizing calling bowhead whales.

Extensive acoustic studies of both these types were done during 2000-2004. These acoustic studies were
summarized in the first Comprehensive Report concerning work done up to 2004 (Richardson [ed.] 2008,
included on CD-ROM as Appendix A), with additional details in the associated annual reports and peer-
reviewed technical papers (see Chapter 1).

Acoustic monitoring continued during each open-water season within the current reporting period
to document the sounds from Northstar and its support vessels, and to characterize the bowhead whale
migration each late summer/autumn based on monitoring of calling bowhead whales. Bay-class boats
were used to deploy Directional Autonomous Seafloor Acoustic Recorders (DASARs) at various loca-



2-18 Monitoring at Northstar, 2005-2009

tions offshore of Northstar. Deployments generally occurred in late Aug. and the DASARs were retriev-
ed in late Sept. or early Oct. each year from 2005 through 2009. The results of this acoustic monitoring
are reported in Chapters 4—6 of this report, with additional details in the Annual Summary Reports that
are included on CD-ROM as Appendices B-F.

The acoustic monitoring work differed somewhat between 2005-2007 and 2008-2009. Each year
in the 2005-2007 period, two (in 2007) or three (in 2005 and 2006) closely-spaced DASARs were
deployed in late Aug. about 450 m (% mile) northeast of Northstar to monitor sounds from Northstar. In
addition, DASARs were deployed at 3 or 4 widely-spaced locations 9.3-21.5 km (5.8-13.4 mi) northeast
of Northstar *, primarily to detect bowhead whale calls and to determine their bearings from a standard
location 14.9 km (9.2 mi) offshore where a DASAR was deployed every year since 2001. In 2008 and
2009, three DASARs were again deployed about 450 m (% mile) northeast of Northstar, but in those
years a more extensive array of DASARS was deployed at 10 locations 8.5-38.5 km (5.3—24 mi) offshore
to provide detailed data on whale call locations and other ancillary data. Chapter 4 describes the DASAR
deployments in detail.

Deploying, maintaining and retrieving the DASARs involved, as noted above, use of a Bay-class
vessel on 3—6 days in each year from 2005 to 2009 . After initial deployment from that vessel, the vessel
traveled to locations around each DASAR to conduct DASAR health checks and calibration work that
involved projecting relatively low-intensity underwater sounds (~150 dB re 1 pPa*m in the case of the
calibration sounds). The calibrations were repeated near the end of each field period, and in 2008 and
2009 were also done once in the middle of the deployment period.

In conjunction with boat-based DASAR work in 2009, an Acousonde™ (a small, self-contained,
autonomous underwater acoustic recorder with omnidirectional hydrophones) was deployed close to
Northstar on three dates to obtain near real-time information on the presence of pop-sounds, which were
first detected in 2008 (see Chapter 4). The Acousonde is described at www.acousonde.com (see also Fig.
4.4 in Chapter 4). An Acousonde was operated for about 8 hours on each of 25 Aug. and 12 and 26 Sept.
Another attempt to detect the presence of pop sounds was made earlier in the season with a hydrophone
listening system deployed from ACS boat Gwydyr Bay on 16 July. Results of these pop sound measure-
ments are reported in Chapter 4 of this report and in Chapter 3 of the 2009 Annual Summary Report
(Blackwell et al. 2010, in Appendix F on CD-ROM).

Boat-based visual monitoring seeking to detect bowheads migrating through the middle of the
DASAR array was attempted on 19 Sept. 2009 from the ACS boat Mikkelsen Bay. Two additional
attempts at visual observations were made on 20 and 24 Sept. 2009, but both times the weather offshore
of Northstar was too rough to conduct reliable visual observations. Results from these visual observa-
tions were reported by Kim et al. (2010), in Appendix F on CD-ROM.

Monitoring of Waves, Currents, and Ice

To increase knowledge about the wave and ice forces to which the Northstar protection barrier is
subjected, wave, current, and ice thickness sensors (Nortek AWAC AST) and ASL ice profilers were

* The four DASARSs deployed offshore in 2005-2007 were 9.3—15 km (5.8-9.3 mi) northeast of Northstar in 2005,
11.5-16.6 km (7.1-10.3 mi) in 2006, and 11.4-21.4 km (7.1-13.3 mi) in 2007.

> Boat operations seaward of Northstar in support of DASAR deployments, health checks, calibrations, and retrieval
occurred as follows: 2005: 30 Aug., 4 and 25 Sept., and 2 and 3 Oct.; 2006: 29 Aug. and 5, 7, 24 and 25 Sept.;
2007: 28 Aug., 30 Sept. and 3 Oct.; 2008: 26, 27 and 29 Aug., and 10, 24 and 25 Sept.; and 2009: 25 and 26 Aug.
and 12, 26 and 28 Sept. (see Annual Summary Reports in Appendices B-F for details).
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deployed on bottom-mounted platforms at three locations ~1 mile offshore from Northstar Isl. (70°29.973
N, 148°44.960 W; 70°29.993 N, 148°41.981 W; 70°29.986 N, 148°38.997 W) on 9 Aug. 2008. Data are
being recorded year-round and stored on an internal hard drive. Retrieval and re-installation of the equip-
ment is planned to occur at least once a year for 3 to 5 years. Two of the three bottom-mounted platforms
were retrieved on 26 Aug. 2009. The third platform could not be retrieved and remained on site. The
transmit frequency of the ultrasound-based AWAC sensors is 1 MHz, with 8.5-min ping series every 15
min at a ping rate (duty cycle) of 2 per second, sometimes expressed as 2 Hz. At 1 MHz, attenuation is
very rapid and the maximum propagation distance is ~30 to 50 m. The ice profilers provide data comple-
menting the ice thickness data from the AWAC sensors. They transmit high frequency energy (420 kHz)
with a range up to ~225 m. The ice profilers transmit 17-min ping series every 40 min at a ping rate of 2
per second. The operating frequencies of these sensors are far above the upper end of the functional
hearing range of all marine mammal species (i.e., 180 kHz; Southall et al. 2007).

NON-NORTHSTAR ACTIVITIES

Several types of monitoring studies unrelated to BP’s activities at Northstar occurred in offshore
areas near or in the general vicinity of Northstar Island. These included aerial surveys, vessel-based
surveys, and acoustic monitoring, each of which is discussed briefly below. Reports on some of these
monitoring studies are available and reports for others will be forthcoming. Some of these monitoring
studies were in support of offshore development activities by Pioneer Natural Resources Alaska Inc.
(Pioneer) and Eni US Operating Co. Inc. (Eni), which occurred at two sites west of Northstar during the
reporting period. Other monitoring studies were conducted in relation to offshore seismic exploration by
Eni, Shell, and BP. Barges and crew vessels were used to support these development and exploration
activities, and activities associated with villages and government facilities along the Beaufort Sea coast.

Offshore Exploration and Development Activities

In 2006, Pioneer began construction of a gravel island, Oooguruk Drillsite (ODS), offshore of the
Colville River Delta. This island was subsequently used for drilling and oil production. A subsea flow-
line was installed in Feb. 2007 and oil production at ODS began in June 2008. A brief discussion of the
ODS development and associated vessel and helicopter activities was reported by Rodrigues et al. (2010).

In 2008, Eni began construction of a gravel island west of Northstar, the Spy Island Drillsite (SID),
for future oil development. Island construction was ongoing during the 2009 open-water period.

Offshore seismic exploration was conducted in the Alaskan Beaufort Sea by Shell during open-
water seasons from 2006 through 2008. Exploration activities were confined to shallow hazards surveys
in 2006 due to heavy ice conditions that year. Deep seismic surveys along with shallow hazards surveys
were conducted by Shell in 2007 and 2008. The surveys occurred on or near Shell lease holdings in
eastern Harrison Bay ~40 km (25 mi) west of Northstar, and in the Camden Bay area ~80 km (50 mi) east
of Northstar. Larger airgun arrays were used during the deep seismic surveys in 20072008 than during
shallow hazards surveys. These activities and associated marine mammal monitoring were discussed in
annual 90-day reports (Patterson et al. 2007; Funk et al. 2008; Ireland et al. 2009).

In 2008 ocean bottom cable (OBC) seismic surveys were conducted by Eni in eastern Harrison Bay
(Hauser et al. 2008) and by BP in Foggy Island Bay (Aerts et al. 2008). The Eni and BP OBC surveys
occurred ~40 km (25 mi) west and east of Northstar, respectively. Airgun sources used during the OBC
surveys were intermediate in size between the larger airgun arrays used by during deep seismic surveys
and smaller arrays used during shallow hazards surveys.
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In 2008, ExxonMobil began limited barge traffic from West Dock eastward to Point Thomson in
support of development activities. This activity was continued in the open-water period of 2009.

Various other types of barge activity occurred in the Beaufort Sea in support of government facil-
ities at Point Lonely and Bullen Point, and for the villages of Barrow and Kaktovik. Several barges (and
other vessels) also transited the Alaskan Beaufort Sea annually enroute to or returning from Canada.

Aerial Surveys

The USFWS conducted low-level, aerial surveys for polar bears along the Beaufort Sea coast and
barrier islands from Barrow to the Canadian border during the late fall of 2005 and 2006 using a twin-
engine TurboCommander aircraft. During each 2-day survey, the aircraft passed briefly through the
Northstar area.

The Minerals Management Service (MMS), in cooperation with the National Marine Mammal Lab-
oratory in recent years, has conducted the Bowhead Whale Aerial Survey Program (BWASP) during the
bowhead fall migration annually since 1979. (In the early years, before formation of MMS, BWASP was
sponsored by the Bureau of Land Management.) These surveys are conducted along north/south (approx-
imately) tracklines from Barrow into Canadian waters, including the Northstar area, with adjacent
tracklines being spaced an average of about 18.5 km (12 mi) apart. The survey season, in most recent
years, has extended from late Aug. to mid-Oct. Information on the BWASP surveys is available online at

http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights BWASP.php.

The Bowhead Whale Feeding Ecology Study (BOWFEST) was initiated in the Barrow area in
2007 and was ongoing in 2009 (Rugh 2010). BOWFEST is a multiyear MMS-funded study that focuses
on late summer oceanography and prey densities relative to whale distribution over continental shelf
waters within 160 km (100 mi) north and east of Point Barrow. BOWFEST involves both aerial and
vessel-based activities, but that work does not approach the Northstar area.

Aerial surveys in support of offshore seismic surveys were conducted by Shell during the open-
water seasons of 2006-2008. Pioneer and Eni cooperated with Shell in sponsoring the aerial surveys
done during 2008. The surveyed area varied among years and dates but included locations from eastern
Harrison Bay to Kaktovik including, at times, the Northstar area during the bowhead migration season.
Results of these surveys were presented in 90-day reports each year (Patterson et al. 2007; Funk et al.
2008, Ireland et al. 2009).

Pioneer also conducted aerial surveys offshore of the Colville River Delta in 2006 and 2007 in
support of their Oooguruk development. Results of these surveys were reported by Reiser et al. (2008)
and Williams et al. (2008).

Vessel-based Surveys

Vessel-based monitoring in support of offshore seismic survey activity was conducted by Shell at
several locations from eastern Harrison Bay to Camden Bay during 2006 through 2008 (Patterson et al.
2007; Funk et al. 2008, Ireland et al. 2009) with a limited effort in 2009. Eni also conducted vessel-based
monitoring in support of OBC seismic exploration offshore of the Colville River Delta in 2008 (Hauser et
al. 2008), as did BP in Foggy Island Bay (Aerts et al. 2008).

In 2005 and 2006, MMS funded boat-based surveys to collect water, sediment, tissue, and plankton
samples for physical and chemical analyses (Neff et al. 2009). This work occurred at various locations
from the Northstar area east to Barter Island. In 2005, the surveys were conducted from 26 July to 14
Aug., with sampling in the Northstar area on 4, 10, and 11 Aug. In 2006, the surveys were conducted
from 24 July to 12 Aug., with sampling in the Northstar area on six days from 31 July to 10 Aug. 2006.


http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights_BWASP.php
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Acoustic Monitoring

Shell conducted underwater acoustic monitoring with arrays of DASARs deployed offshore at five
sites widely spaced from eastern Harrison Bay to the Kaktovik area during 2007 through 2009 (e.g.,
Blackwell et al. 2009), with preliminary work in 2006 (Greene et al. 2007). This work was supported in
part by Eni and Pioneer in 2008. The seafloor recorders documented ambient and industrial sounds plus
bowhead whale calls, and provided the data needed to localize bowhead calls. This work was ongoing in
2009 and a report on the recent work will be forthcoming.

In 2008, Pioneer and Eni also collected data on underwater sounds produced from vessels, on-
island activities, and seismic exploration activities. A report on these underwater acoustic studies will be
forthcoming.

ACKNOWLEDGEMENTS

This chapter could not have been produced without help and support from a number of individuals.
Numerous individuals including Lowry Brott, Hunter Ervin, Phil Hubbard, Joe Serra, William Bryant, Jill
Sixbey, Lori Murray, Todd Winkel, and Geoff Kany were helpful in providing information on BP’s activities
at various times. Dr. Bill Streever of BP provided support for this project during the current and previous
S-year periods, and provided comments on earlier related reports that are incorporated here. Dr. W. John
Richardson of LGL reviewed and edited the draft chapter, and Sheyna Wisdom of LGL also provided
comments.

LITERATURE CITED

Aerts, L.A.M., and W.J. Richardson (eds.). 2009. Monitoring of industrial sounds, seals, and bowhead whales near
BP’s Northstar Oil Development, Alaskan Beaufort Sea, 2008: Annual Summary Report. LGL Rep. P1081.
Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage, AK), Greeneridge Sciences Inc. (Santa Barbara, CA)
and Applied Sociocult. Res. (Anchorage, AK) for BP Explor. (Alaska) Inc., Anchorage, AK. 136 p.
[Included on CD-ROM as Appendix E.]

Aerts, L. A.M., and W.J. Richardson (eds.). 2010. Monitoring of industrial sounds, seals, and bowhead whales near
BP’s Northstar oil development, Alaskan Beaufort Sea, 2009: Annual Summary Report. LGL Rep. P1132.
Rep. from LGL Alaska Res. Assoc. (Anchorage, AK), Greeneridge Sciences Inc. (Santa Barbara, CA) and
Applied Sociocult. Res. (Anchorage, AK) for BP Explor. (Alaska) Inc., Anchorage, AK. 142 p. [Included
on CD-ROM as Appendix F.]

Aerts, L.A.M., M. Blees, S. Blackwell, C. Greene, K. Kim, D. Hannay, and M. Austin. 2008. Marine mammal
monitoring and mitigation during BP Liberty OBC seismic survey in Foggy Island Bay, Beaufort Sea July-
August 2008: 90-day Report. LGL. Rep. P1011-1. Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage,
AK), Greeneridge Sciences Inc. (Santa Barbara, CA) and JASCO Research Ltd. (Victoria, BC) for BP
Explor. (Alaska) Inc., Anchorage, AK. 187 p.

Blackwell, S.B. and C.R. Greene, Jr. 2005. Underwater and in-air sounds from a small hovercraft. J. Acoust. Soc.
Am. 118(6):3646-3652. [Included on CD-ROM as Appendix H.]

Blackwell, S.B., C.R. Greene, Jr., M.W. McLennan, R.G. Norman, T.L. McDonald, C.S. Nations, and A. Thode.
2009. Beaufort Sea acoustic program. p. 8-1 to 8-46 In: D.S. Ireland, D.W. Funk, R. Rodrigues, and W.R.
Koski (eds.), Joint monitoring program in the Chukchi and Beaufort seas—November 2007. LGL Rep.
P971-2. Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage, AK), LGL Ltd. (King City, Ont.), JASCO Res.
Ltd. (Victoria, B.C.) and Greeneridge Sciences Inc. (Santa Barbara, CA) for Shell Offshore Inc. (Anchorage,
AK), Nat. Mar. Fish. Serv. (Silver Spring, MD), and U.S. Fish & Wildl. Serv. (Anchorage, AK). 445 p. +
Appendices.



2-22 Monitoring at Northstar, 2005-2009

Blackwell S.B., K.H. Kim, W.C. Burgess, R.G. Norman, C.R. Greene, Jr., and L.A.M. Aerts. 2010. Sounds record-
ed at Northstar and in the offshore DASAR array, autumn 2009. p. 3-1 to 3-37 In: L.A.M. Aerts and W.J.
Richardson (eds., 2010, g.v.). LGL Rep. P1132-3. [Included on CD-ROM as Appendix F.]

Funk, D.W., D. Hannay, D. Ireland, R. Rodrigues, and W.R. Koski. 2008. Marine mammal monitoring and mitiga-
tion during open—water seismic exploration by Shell Offshore Inc. in the Chukchi and Beaufort seas, July—
November 2007: 90—day Report. LGL Rep. P969—1. Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage,
AK), LGL Ltd. (King City, Ont.), and JASCO Res. Ltd. (Victoria, B.C.), for Shell Offshore Inc. (Houston,
TX), Nat. Mar. Fish. Serv. (Silver Spring, MD), and U.S. Fish & Wildl. Serv. (Anchorage, AK). 218 p. +
Appendices.

Greene, C.R., Jr.,, R.G. Norman, and S.B. Blackwell. 2007. Acoustic research for studying bowhead migration,
2006. Chapter 10 /n: D.W. Funk, R. Rodrigues, D.S. Ireland, and W.R. Koski (eds.). 2007. Joint monitor-
ing program in the Chukchi and Beaufort seas, July—November 2006. LGL Alaska Rep. P891-2. Rep. from
LGL Alaska Res. Assoc. Inc. (Anchorage, AK), LGL Ltd. (King City, Ont.), Greeneridge Sciences Inc.
(Santa Barbara, CA), Bioacoustics Res. Progr., Cornell Univ. (Ithaca, NY), and Bio—waves Inc. (San Diego,
CA) for Shell Offshore Inc. (Anchorage, AK), ConocoPhillips Alaska Inc. (Anchorage, AK.), GX Technol-
ogy (Houston, TX.), Nat. Mar. Fish. Serv. (Silver Spring, MD), and U.S. Fish & Wildl. Serv. (Anchorage,
AK). 29 p.

Hauser, D.D.W., V.D. Moulton, K. Christie, C. Lyons, G. Warner, C. O’Neil, D. Hannay, and S. Inglis. 2008.
Marine mammal and acoustical monitoring of the Eni/PGS open-water seismic program near Thetis, Spy and
Levitt islands, Alaskan Beaufort Sea, 2008: 90-day report. LGL Rep. P1065-1. Rep. from LGL Alaska Res.
Assoc. Inc. (Anchorage, AK) and JASCO Res. Ltd. (Victoria, BC) for Eni US Operating Co. Inc. (Anchor-
age, AK), PGS Onshore Inc. (Anchorage, AK), Nat. Mar. Fish. Serv. (Silver Spring, MD) and U.S. Fish &
Wildl. Serv. (Anchorage, AK). 135 p. + Appendices

Ireland, D., R. Rodrigues, D. Funk, W.R. Koski, and D. Hannay. 2009. Marine mammal monitoring and mitigation
during open—water seismic exploration by Shell Offshore Inc. in the Chukchi and Beaufort Seas, July—
November 2008: 90—day report. LGL Rep. P1049—-1. Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage,
AK), LGL Ltd. (King City, Ont.), and JASCO Res. Ltd. (Victoria, B.C.), for Shell Offshore Inc. (Anchorage,
AK), Nat. Mar. Fish. Serv. (Silver Spring, MD), and U.S. Fish & Wildl. Serv. (Anchorage, AK). 258 p. +
Appendices..

Kim, K.H., S.B. Blackwell, W.C. Burgess, C.R. Greene, Jr., and L.A.M. Aerts. 2010. Acoustic localization of
migrating bowhead whales near Northstar, autumn 2009. p. 4-1 to 4-14 In: L.A.M. Aerts and W.J. Richard-
son (eds., 2010, g.v.). LGL Rep. P1132-4. [Included on CD-ROM as Appendix F.]

Neft, .M., J.H. Trefry, and G. Durell. 2009. Integrated biomonitoring and bioaccumulation of contaminants in
biota of the cANIMIDA study area. OCS Study MMS 2009-037. Rep. from Neff & Assoc. (Duxbury, MA),
Florida Inst. of Technol. (Melbourne, FL) and Battelle (Duxbury, MA) for Minerals Manage. Serv.,
Anchorage, AK. 160 p. + Appendices

NMEFS. 2001. Taking and importing marine mammals; taking marine mammals incidental to construction and
operation of offshore oil and gas facilities in the Beaufort Sea. Fed. Regist. 66(246, 21 Dec.):65923-65935.

Patterson, H., S.B. Blackwell, B. Haley, A. Hunter, M. Jankowski, R. Rodrigues, D. Ireland and D. W. Funk. 2007.
Marine mammal monitoring and mitigation during open water seismic exploration by Shell Offshore Inc. in
the Chukchi and Beaufort Seas, July—September 2006: 90-day report. LGL Rep. P§891-1. Rep. from LGL
Alaska Res. Assoc. Inc. (Anchorage, AK), LGL Ltd. (King City, Ont.) and Greeneridge Sciences Inc.
(Goleta, CA) for Shell Offshore Inc. (Houston, TX) and Nat. Mar. Fish. Serv. (Silver Spring, MD). 199 p.

Reiser, C.M., D.S. Ireland, and M.R. Link. 2008. Aerial surveys for marine mammals in eastern Harrison Bay,
Alaskan Beaufort Sea, September 2006. Rep. from LGL Alaska Res. Assoc. Inc., Anchorage, AK, for
Pioneer Natural Resour. Alaska Inc., Anchorage, AK. 13 p. + Appendix

Richardson, W.J. (ed.). 2008. Monitoring of industrial sounds, seals, and bowhead whales near BP’s Northstar Oil
Development, Alaskan Beaufort Sea, 1999-2004. [Final Comprehensive Report, Feb. 2008, finalized Mar.



Chapter 2: BP’s Activities at Northstar, 2005-2009 2-23

2009.] LGL Rep. P1004. Rep. from LGL Ltd. (King City, Ont.), Greeneridge Sciences Inc. (Santa Barbara,
CA), WEST Inc. (Cheyenne, WY), and Applied Sociocult. Res. (Anchorage, AK) for BP Explor. (Alaska)
Inc., Anchorage, AK. 428 p. + Appendices A—W on CD-ROM. [Main report is included as Appendix A on
the CD-ROM accompanying the present report.]

Rodrigues, R., and M.T. Williams. 2006. BP activities at Northstar, 1999-2004. p. 2-1 to 2-45 In: W.J. Richardson
(ed., 2008, g.v.). LGL Rep. P4256A-2. [Included on CD-ROM as Appendix A.]

Rugh, D. (ed.). 2010. Bowhead Whale Feeding Ecology Study (BOWFEST) in the Western Beaufort Sea; 2009
Annual Report. MMS-4500000120. Produced through the Nat. Mar. Mamm. Lab., Alaska Fisheries Sci.
Cent., NMFS, NOAA, 7600 Sand Point Way, NE Seattle, WA 98115-6349.

Southall, B.L., A.E. Bowles, W.T. Ellison, J.J. Finneran, R.L. Gentry, C.R. Greene, Jr., D. Kastak, D.R. Ketten, J.H.
Miller, P.E. Nachtigall, W.J. Richardson, J.A. Thomas, and P.L. Tyack. 2007. Marine mammal noise
exposure criteria: initial scientific recommendations. Aquatic Mamm. 33(4):i-iv + 411-522.

Williams, B.C., C.M. Reiser, and M.R. Link. 2008. Aerial surveys for marine mammals in eastern Harrison Bay,

Alaskan Beaufort Sea, September 2007. Rep. from LGL Alaska Res. Assoc. Inc., Anchorage, AK, for
Pioneer Nat. Resour. Alaska Inc., Anchorage, AK. 13 p. + Appendix.



2-24 Monitoring at Northstar, 2005-2009

ANNEXES 2.1 —2.5: REPORTABLE SPILLS

ANNEX 2.1. Reported spills at Northstar during the 2005 open-water season. Specific information
on eight spills during the 2004—2005 ice-covered period was not available.

Gal. Out of Gal. In
Date Description/Source Containment Containment
16 June 2005 Lube oil from compressor seal leak 0.1 0.9
21 June 2005 Hydraulic fluid from excavator fitting 1.5 0
4 Sept. 2005 Diesel from TEG reboiler 0.5 0
6 Sept. 2005 Crude and produced water from test header valve 1 0
25 Sept. 2005 Corrosion inhibitor inside plant 0 0.06
ANNEX 2.2. Reported spills at Northstar during the 2005/06 reporting period.
Date Description/Source Material Gallons Out of  Gallons in
Containment _Containment
26 Nov. 2005 Leak in pipe connec-tion from lift station Sewage 10 100
8 Dec. 2005 Pin hole leak in weld Scale Inhibitor 0 0.25
20 Dec. 2005  O-ring failure Anti-foulant 0 2
26 Dec. 2005 Loose ring on top of tote Corrosion inhibitor 0.004
3 Jan. 2006 Broken hose fitting on dozer Hydraulic oil 0.5
4 Jan. 2006 Broken hose fitting on dozer Hydraulic oil 0.75
24 Jan. 2006  Mud spilled onto floor during process Drilling mud 0.2 167.8
drilling
31 Jan. 2006  Battery fell off pallet Sulfuric acid 0.01
5 Feb. 2006 Valve misalignment between pits Drilling mud 0 5
26 Feb. 2006  Incorrect installation of fuel line Diesel fuel 0 180
3 Apr. 2006 Acid release during transport Hydrochloric acid 1
6 Apr. 2006 Cracked weld due to pump vibration Hydrochloric acid 0 1
27 Apr. 2006  Mud line valve failure Drilling mud 55 55
5 May 2006 Release during fueling operation Diesel fuel 2
15 May 2006  Cap not secured Corrosion inhibitor 0.01
15 May 2006  Leak from trencher fuel tank Diesel fuel 0.06
20 May 2006  Loose fitting Hydraulic oil 0.03
26 June 2006  Pump failure during transfer of scale Scale inhibitor 0 0.25
inhibitor

29 Aug. 2006  Leak in chemical injection line at DS-11  Corrosion inhibitor 0.125

19 Sept. 2006

Qil filter on loader failed

Lube oil
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ANNEX 2.3. Reported spills at Northstar during the 2006/07 reporting period.

Quantity
Date Location Material Released Clean Up Action

18 Nov. 2006  Northstar Pad Drilling Mud 3.79  Material was scraped and placed in cuttings

bin.

19 Nov. 2006  Northstar Process 33 Corrosion 0.95 Absorbed and placed in oily waste bags.

m (109 ft) level Inhibitor

9 Dec. 2006 Drilling rig roof and  Drilling Mud 317.97 Scraped area and put into storage bin for
ground north of rig future onsite disposal.

27 Dec. 2006 Between process Sewage 18.93 Shovels were used to scrape frozen treated
module and effluent and material was taken to the
overhead pipe rack Northstar G & | (Grind & Inject) facility.

18 Jan. 2007  Northstar well row Corrosion 1.89  Sorbents were used to clean piping and gravel

Inhibitor under the well house grating.

21 Jan. 2007 Well row in front of  Methanol 0.95  All material captured in containment.
NS-14

1 Feb. 2007 NS-16 well house Corrosion 0.12  Contaminated gravel cleaned up.

Inhibitor

5 Feb. 2007 Ice road 9.1 m (30 ft) Motor Oil 3.79  Most captured in 5-gal bucket; pads used to
east of Northstar absorb ~0.47 | (1 pt) of remaining fluid.

5 Feb. 2007 Ice road 30.5 m (100 Diesel 3.79  Diesel-contaminated ice removed to bin and
ft) west of Northstar sent to G & | facility.

17 Feb. 2007  Pit #3, service Drilling Mud 1022.06 Free liquids sucked and transferred to G & |
module rig N33E, facility. Mops and sorbents used to wipe
Well NS-33 remaining drilling mud from the rig floors and

walls.

14 Mar. 2007  Pad between Sewage 7.57  Shovels and chipping bars used to remove
warehouse and affected snow and ice. Material stored for
process building later processing in G & | facility.

22 Mar. 2007  22.9 m (75 ft) east of Hydraulic Fluid <0.00 Shovel used to scrape contaminated snow.
southeast access Sorbents used to wipe backhoe.
ramp to island

11 Apr. 2007  Southeast access Lube oil 2.84  Loader with bucket used to scrape affected
ramp to island ice; shovels used to place contaminated

materials into bins for processing.

20 Apr. 2007  Sea ice at southeast Hydraulic Fluid 7.57  Loader and bobcat used to scrape
side of island contaminated snow and ice for transfer to G &

| facility.

22 Apr. 2007  Seaice at southeast Propylene 1.89  Sorbents, bobcat, and small hand tools used
corner of island Glycol to clean and scrape affected area.

25 Apr. 2007  NS-18 well head Corrosion 0.23  Absorbents and small hand tools used to
corrosion inhibitor Inhibitor scrape contaminated gravel.
system

4 May 2007 Seaice 18.3-22.9 m HydraUIiC Fluid 0.95 Removed ~0.76 m3 (1 yda) of contaminated
(20-25 yd) northeast Snow.
of Northstar

18 May 2007 Sea ice ~61 m (200 Hydraulic fluid 0.95 Shovels used to scrape contaminated snow

ft) southeast of island

and ice. Sorbents used to soak materials on
surface of water.
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ANNEX 2.3. Continued.

Quantity
Date Location Material Released Clean Up Action
20 May 2007  On pad northwest of Diesel 0.38  Shovels used to scrape contaminated snow,
warehouse and ice, and gravel.
adjacent sea ice
20 May 2007 Seaice ~22.9 m (75 Hydraulic Fluid 0.04  Sorbents used to soak sheen and shovels
ft) west of bench. used to scrape contaminated snow and ice.
1June 2007  Sea ice at east side Hydraulic fluid 0.47  Shovels used to scrape contaminated snow.
of island
9 Aug. 2007 NS-05 Hydrochloric 0.11  Acid was neutralized then soaked up with
Acid sorbents.
10 Aug. 2007 NS-11 well head Corrosion 1.89  Sorbents used to soak up material.
Inhibitor
12 Aug. 2007  NS-29 well cellar Diesel 37.85 Liquids recovered using air actuated drum
vacuum. Remaining fluids soaked up with
1589.87 sorbents.
17 Oct. 2007  Process module Corrosion 0.95 Sorbents and oily waste bags.

Inhibitor




Chapter 2: BP’s Activities at Northstar, 2005-2009 2-27

ANNEX 2.4. Reported spills at Northstar during the 2007/08 reporting period.

Volume Did Release
Material Released reach
Date Location Released (Gallons) Beaufort Clean Up Action
15 Nov. 2007 Process Corrosion 0.05 No Spilled material was collected with sorbents
Module Inhibitor
31 Dec. 2007 Northstar Ice Power 3 Yes Contaminated snow and ice was scraped up
Road Steering with shovels and placed into oily waste bags.
Fluid These bags were transported to Northstar
island for disposal.
1Jan. 2008 NS-20 Well Corrosion  0.035 No Sorbent was used to collect material (100%
Cellar Inhibitor spilled to lined well cellar).
9 Jan. 2008 Process Tri- 500 No Maijority of spilled material was captured in
Module ethylene drums (480 gallons). The amount that
Glycol reached the module floor was cleaned up
(TEG) with sorbents.
13 Apr. 2008 Northstar Utility Sewage 200 No Majority of spilled material was captured in
Module & containment (180 gallons). The amount
Underlying Pad outside the containment was allowed to
freeze on pad, and was then chipped up and
taken to the disposal well.
17 May 2008 Process Corrosion 4 No 100% of the material spilled to containment -
Module Inhibitor easily collected for disposal
24 June 2008 Gravel pad Sewage 2 No Impacted area was disinfected with 10:1
between utility Chlorox bleach solution. Disinfected liquids
module & 38 were then wiped off of concrete footing with
man camp sorbents.
9 Aug. 2008 Seawater in Hydraulic 0.25 Yes Sorbent materials were used to clean
front of Fluid affected areas of backhoe and barge
Northstar Dock surfaces. Sorbent boom was used sweeping
back and forth inside containment boom to
recover sheen in water.
18 Aug. 2008 North Process Corrosion  0.004 No Fluids collected (100% spilled to
Module Inhibitor containment) using sorbent materials.
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ANNEX 2.5. Reported spills at Northstar during the 2008/09 reporting period.

Did Release

reach Beaufort

Date Material Released Sea or Sea Ice
11 Jan 2009 Oil leak on high pressure compressor No
17 Feb. 2009 Hydraulic spill from snowblower No
3 Apr. 2009 Tri-ethylene glycol leak No
22 Apr. 2009 5-Gal container leaked inside hazchem storage building No
3 May 2009 Corrosion inhibitor release No
6 May 2009 Wastewater spill from utility floor drain sump No
17 May 2009 Arktos 3A vehicle hydraulic leak No
19 May 2009 Glycol leak from ruptured radiator hose No
23 May 2009 Small leak of produced water and condensate No
23 May 2009 Motor oil leak from oil line to cab heater No
24 May 2009 Fitting failure on pipe lift No
26 May 2009 Fuel release from water jetting pump for divers Yes
5 June 2009 Leak from triplex bleed hose No
20 June 2009 Lube oil release from low pressure compressor No
16 July 2009 Hydraulic leak at NS-13 well control panel No
5 Sept. 2009 Hydraulic leak No
7 Sept. 2009 Hydraulic leak No
9 Sept. 2009 Wash water from tank cleaning leaked from hose into No
secondary containment
28 Sept. 2009 Leak from NS-27 wellhead hydraulic control panel No
2 Oct. 2009 Gas release from needle valve No
2 Oct. 2009 Hydraulic leak at NS-18 well control panel No
3 Oct. 2009 Hydraulic leak at NS-19 well control panel No
27 Oct. 2009 Hydraulic leak on man lift No
28 Oct. 2009 Gray water leaking from soffit area under PLQ No
29 Oct. 2009 Hydraulic fluid leak from Volvo loader No
12 Nov. 2009 Leak on corrosion inhibitor level indicator valve union No
7 Dec. 2009 Sewage discharge line failure No
13 Dec. 2009 Hydraulic tubing valve failure at NS-30 panel No
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ABSTRACT

During the planning stages of the Northstar project, BP and stakeholders had concerns regarding
the potential for activities associated with construction and oil production to result in disturbance to seals
and other marine mammals. Authorizations issued to BP for potential “taking” of seals during construc-
tion and operation of Northstar required studies and monitoring to assess effects on seals and on
subsistence hunting. To satisfy the requirements, BP conducted several studies prior to and during
construction and operation of Northstar. Systematic fixed-wing aerial surveys were used to study the
distribution and abundance of seals around Northstar. The fixed-wing surveys in 1997-1999 provided
three years of pre-development “baseline” data, and surveys in 20002002 provided three years data with
construction and then oil production activity. To complement the aerial survey program on a finer scale,
specially-trained dogs were used to find seal holes and lairs, and to monitor the fate of structures in
relation to distance from industrial activities during the ice-covered seasons of 1999-2000 (initial
construction) and 2000-2001 (later stages of construction). After these intensive studies were completed,
NMEFS and stakeholders concurred with BP’s conclusion that it was not necessary to continue the types of
intensive seal studies that had been done through 2002. However, BP continued to observe and count
seals near Northstar to provide assurance that seal use of the area was similar in subsequent years to that
found up to 2002.

This chapter reports on the results of seal observations from Northstar during 2005-2009. North-
star Environmental Specialists observed and counted seals from the top of the 33 m (109 ft) high process
module. The observation period varied among years. Results from the 15 May through 15 July period
are reported here to maintain consistency in observation periods for comparisons among years, although
2005 was an exception in that observations did not begin until 3 June. The total number of seals recorded
varied considerably from year to year, ranging from three seals in 2007 to 811 in 2009, with no consistent
trend across the five years of observations. Relatively few seals were observed in 2006 and 2007
compared to other years, and more seals were recorded in 2009 than all other years combined. The
numbers of seals seen during a given day’s observation period were highly variable ranging from zero to
124. Seal sighting rates in 2006 and 2007 were relatively low during all half-monthly periods of observa-
tion. For the years when the largest numbers of seals were recorded (2005, 2008 and 2009), relatively
few seals were recorded in the latter half of June 2005 and in the first half of July 2008. The relatively
high number of seals seen per day in July 2005 resulted from a single sighting of 124 seals on an ice floe
on 11 July. The larger numbers of seals were generally recorded in groups congregated on ice floes that
remained as the sea ice melted. The observations confirm that ringed seals continue to haul out on ice and
bask within approx. 1 km (0.6 mi) of Northstar during the late spring and early summer. Numbers that do
so vary from year to year, probably as a function of ice conditions.
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INTRODUCTION

Three species of seals occur in the Northstar region. The ringed seal Phoca hispida (=Pusa
hispida) is an abundant year-around resident of the area, although some individuals may migrate away in
winter. The bearded seal Erignathus barbatus is a somewhat less abundant summer resident, but a few
individuals may remain (mainly offshore in the pack ice) during winter. The spotted seal Phoca largha is
a migratory species that occurs in the region during summer in small numbers, but is not present in
winter. All three species are protected under the U.S. Marine Mammal Protection Act (MMPA). All
three species (but especially ringed and bearded seals) are hunted in the Beaufort Sea by Inupiat
subsistence hunters (Lentfer [ed.] 1988).

During the planning stages of the Northstar project, BP and stakeholders had concerns regarding
the potential for activities associated with construction and oil production to result in disturbance to seals
and other marine mammals. Ringed seals occupy the Beaufort Sea throughout the year and maintain
breathing holes in the ice during winter months. It was suspected that noise and activities at or near
Northstar would be detectable to ringed seals during both the ice-covered and ice-free seasons. However,
the potential for disturbance to seals might be greater during winter: Ringed seal movements are more
confined during winter due to their reliance on breathing holes, whereas seal movements are unrestricted
during the open-water periods. Prior to construction, BP anticipated that disturbance to seals would be
considered “Level B” harassment under the MMPA. Consequently, BP requested that the National
Marine Fisheries Service (NMFS) issue incidental take authorizations to BP, authorizing “harassment
takes” of small numbers of seals as a result of disturbance associated with construction and (subseq-
uently) production activities at Northstar. Chapter 1 summarizes the sequence of authorizations that were
issued by NMFS, initially an Incidental Harassment Authorization and subsequently a set of Regulations
under which Letters of Authorization could be issued annually.

The authorizations issued to BP for potential “taking” of seals during construction and operation of
Northstar required studies and monitoring to assess the nature and the geographic and numerical extent of
any effects on seals and on subsistence hunting. The studies done before and during the early years of
Northstar construction and production were designed to address the effects on seals. BP’s studies
included (1) acoustic measurements of underwater and in-air sounds and iceborne vibrations, (2) fixed-
wing aerial surveys to document local distribution and abundance of basking seals on ice during spring
before and after onset of industrial activities, and (3) dog-based studies of ringed seal utilization of ice
holes and lairs as a function of distance from Northstar. These studies provided much new information
about, respectively, industrial sounds and vibrations that might affect seals, seal distribution and haulout
patterns in spring, and the dynamics of spring seal occupancy of “structures” in the sea ice (Richardson
[ed.] 2008). These studies also provided data relevant in assessing the potential for seals to be affected
sufficiently to have implications for subsistence hunting. It was later determined that little or no subsis-
tence hunting for seals occurs near Northstar.

Acoustic measurements were undertaken in 2000 to 2002 to document the levels, characteristics,
and range-dependence of sounds and vibrations produced by Northstar-related activities during both the
ice-covered season and the open-water season. Measurements were made during initial construction
activities in early 2000 (Greene and McLennan 2000; Greene et al. 2008), and during subsequent con-
struction, drilling and production operations in 2001 and 2002 (Blackwell and Greene 2002; Blackwell et
al. 2004).

Systematic fixed-wing aerial surveys were used to study the distribution and abundance of seals
around the Northstar. The surveys began in 1997 to provide pre-development “baseline” data (Miller et
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al. 1998). The surveys were continued each year from 1997 through 2002, collectively providing three
years of pre-development data (1997-99) and three years with construction and then oil production
activity (2000-02). The results of the aerial surveys were described in a series of annual reports included
as Appendices to Richardson (ed., 2008) and in peer-reviewed articles by Moulton et al. (2002, 2003,
2005). The results of the aerial surveys suggested that Northstar’s effects on seal distribution and
abundance during spring were essentially undetectable even with unusually intensive aerial surveys
followed by analyses that had high statistical power.

To complement the aerial survey program on a finer scale, specially-trained dogs were used to find
seal holes and lairs, and to monitor the fate of structures in relation to distance from industrial activities
during the ice-covered seasons of 1999-2000 (initial construction) and 2000-2001 (later stages of
construction). Use and densities of seal structures at distances beyond 100-200 m from Northstar
facilities did not appear to be affected by Northstar construction activities (Williams et al. 2006a,b).

After these intensive studies were completed, NMFS and stakeholders concurred with BP’s
conclusion that it was not necessary to continue the types of intensive seal studies that had been done up
to 2002. However, BP continued to report seal observations near Northstar in annual reports in order to
provide assurance that seal use of the area was similar in subsequent years to that found up to 2002.
These observations were obtained in mainly spring and early summer, when seals bask on sea ice. In
2002—-03 and 2003—-04, BP requested that personnel working at Northstar report seal observations, which
were compiled in monthly reports for those years (Annex 3.1 in Williams et al. 2006b). These oppor-
tunistic sightings were made at or near Northstar and along the ice road during Oct. and Nov., and Apr.
through June 2002-2004. Beginning in spring 2005, BP arranged for personnel at Northstar to make
more systematic near-daily (weather permitting) seal observations from the roof of the process module on
Northstar Island during spring and early summer. The results of those observations from 2005 through
2009 were reported annually by BP (see Chapter 1 in each of Richardson [ed.] 2006, 2007; Aerts and
Richardson [eds.] 2008, 2009, 2010; included as Appendices B—F on the CD-ROM accompanying this
report). Those results are summarized below.

METHODS

Northstar Environmental Specialists, on behalf of BP, observed and counted seals from the top of
the 33 m (109 ft) high process module. The observation period varied among years. In 2005 the period
extended from 3 June through 22 Aug. In 2006, it began and ended earlier, extending from 1 May
through 20 July. In 2007, observations extended from 6 May through 31 July. No seals were observed
after 15 July in 2005 through 2007, so in 2008 and 2009 observations were confined to the period from 15
May through 15 July. Only results from the 15 May through 15 July period are reported here to permit
(with the exception of 2005) comparisons among years. As noted above, during 2005 observations did
not begin until 3 June.

The protocol for systematic seal counts was developed in 2005 and, aside from the date range with
observations, most aspects have remained the same through 2009. The protocol included the following:

e Count the number of basking seals from 15 May to 15 July on a near-daily basis.

e Counts were usually done between 11:00 and 19:00 local time for at least five days per
week, when practicable.

e Counts were restricted to periods with cloud ceiling >91 m (300 ft).
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e Counts were made through a 360° field of view from the roof of the Northstar process
module, considering areas within a radius of ~950 m (3116 ft) covering an area of ~281 ha
(695 acres).

e An inclinometer was used to determine distance of a sighting from the observation
platform. From the platform, a 2° depression angle corresponded to a distance of ~950 m
or 3116 ft.

e Observers scanned with the unaided eye, and used binoculars to confirm suspected seal
sightings.

e Observers recorded date and time of observation period, sky conditions, temperature (°F),
number of seal sightings, and relevant comments.

RESULTS

The number of days with observations during the 15 May to 15 July period ranged from a low of
42 in 2005 to a high of 61 in 2009 (Table 3.1; Annexes 3.1-3.5). The observations likely included many
repeat sighting of individual seals on different days. The total number of seals sighted varied annually
ranging from three seal sightings in 2007 to 811 in 2009, with no consistent trend across the five years of
observations. The annual totals did not appear to be a function of observation effort. For example, there
was little difference in observation effort in 2007 (57 days) when seal sightings were least common
compared to 2009 (61 days) when the highest total number of seals was recorded. Relatively few seals
were observed in 2006 and 2007 compared to other years, and more seals were recorded in 2009 than all
other years combined.

TABLE 3.1. Summary of seal data collected from Northstar in the
period 15 May to 15 July during 2005 to 2009. Source: Aerts (2010).

Max. #

Total# Total obs. Mean # observed Standard
Year of seals days seals/day  on any day deviation
2005 229 42 5.5 124 19.4
2006 54 49 1.1 4 1.2
2007 3 57 0.1 1 0.2
2008 415 54 7.7 63 15.1
2009 811 61 13.3 87 25.7

The numbers of seals seen during a given day’s observation period were highly variable ranging
from zero to 124. Seal sighting rates in 2006 and 2007 were relatively low during all half-monthly
observation time periods. The highest numbers of seals were reported during the last half of June and the
first half of July, although the trend was not consistent among years (Fig. 3.1). For the years when the
largest numbers of seals were recorded (2005, 2008 and 2009), relatively few seals were recorded in the
latter half of June 2005 and in the first half of July 2008. The relatively high number of seals seen per
day in July 2005 resulted from a single sighting of 124 seals on an ice floe on 11 July.
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FIGURE 3.1. Average number of seals observed per day from Northstar Island, by half-month,
from 15 May to 15 July during 2005 through 2009. In 2005 observations started 3 June and data
were not available for the 15 May-2 June period. Other “missing” bars (1-15 July 2006 and
2008, and all periods in 2007) indicate zero or near zero seal sighting rates. Source: Aerts
(2010).
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DISCUSSION

The numbers of seals seen during different dates within specific years varied widely, as indicated
by the fairly wide standard deviations in daily counts (Table 3.1). In 2005 through 2007, during obser-
vation periods in which seals were observed, the number of seals sighted was usually low, ranging from
one to four seals (Annex 3.1). The relatively high average number seen per day in July 2005 resulted
from a sighting of 124 seals on ice floes on 11 July. Seventeen and 30 seals were reported on 8 and 10
July 2005, respectively, but no more than four seals were observed on any other day in 2005. The highest
seal count during any observation period in 2006 was four, and in 2007 the highest count was one.

In contrast to 2005-2007, relatively large numbers of seals were seen (and were seen more consis-
tently) in 2008 and 2009. In 2008, ten or more seals were recorded during 11 days and more than 30 seals
were recorded on six days. In 2009, 30 or more seals were recorded during 13 days and 50 or more seals
were recorded on eight days. Reasons for the consistently higher numbers of seals present in late June
and July 2008 and 2009 are not known with certainty, but may be related to differences in local ice
conditions or other environmental variables among years. The larger numbers of seals were generally
recorded in groups congregated on ice floes that remained as the sea ice melted (Annexes 3.1, 3.4, 3.5).

Based on the observations during each of the five years summarized here, it was concluded that
there was no evidence (and no reason to suspect) that any seals were injured or killed by Northstar-related
activities (see Chapter 1 in Richardson [ed.] 2006, 2007; Aerts and Richardson [eds.] 2008, 2009, 2010).
A dead seal pup was reported an estimated 2 mile (0.8 km) from the island on 19 June 2009 (Annex 3.5),
but there was no reason to attribute its death to Northstar activities.

The seal observation program at Northstar in 2005-2009 was intended to verify continuing use of
the region near Northstar by seals, and to serve as a “warning system” if there were any pronounced
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changes in seal use of the area. The observations confirm that ringed seals continue to haul out on ice and
bask within approx. 1 km (0.6 mi) of Northstar during the late spring and early summer. Numbers that do
so vary from year to year, probably as a function of ice conditions.
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ANNEX 3.1. Numbers of seals recorded by Northstar observers, 3 June through 22 Aug. 2005. Dates are
Mo/Day/Yr. Sky codes OO= overcast, PS= partly sunny, PC= partly cloudy, CC= clear. RS =ringed seal.

Temp

Date Time Sky (°F) | Species | Number Comments

6/3/2005 11:30 00 32F RS 2 NW and W of Island

6/4/2005 11:00 PS 33F RS 2 NE and W of Island

6/5/2005 13:00 PS 32F RS 3 NW, NE, and W of Island

6/6/2005 11:30 00 28F RS 3 NW, NE, and W of Island

6/7/2005 13:30 PS 34F RS 3 NW, NE, and W of Island

6/9/2005 12:05 PS 40F RS 4 2 on NE (1 In Construction Moat) 2 on
NW

6/10/2005 12:00 00 34F RS 3 1 on NE, 2 on NW

6/11/2005 12:30 o]0 35F RS 3 1 on NE, 2 on NW (Same places as prior
days)

6/12/2005 12:15 00 33F RS 3 1 on NE, 2 on NW (Same places as prior
days)

6/13/2005 13:00 00 35F RS 3 1 on NE, (Same places as prior days)

6/14/2005 13:00 (OO (FOG)| 36F RS 2 1 on NE, 1 on NW

6/15/2005 13:30 CC 35F RS 2 10on NE, 1 on NW

6/16/2005 13:00 00 35F RS 1 1 on NW

6/17/2005 13:30 CC 36F RS 2 1 on NE, 1 on NW

6/18/2005 13:45 CC 35F RS 2 1 on NE, 1 on NW

6/19/2005 12:45 0]0) 34F RS 2 1 on SW Approx 100" Small Pup. Raises
head when hovercraft passes but then
back to normal basking. 1 on NW side

6/20/2005 13:30 CcC 36F RS 1 1 Pup on SW

6/21/2005 13:00 00 38F RS 0

6/22/2005 13:45 00 31F RS 2 1 Pup on SW. 1 on SE

6/23/2005 12:30 |[OO (FOG)| 32F RS 4 1 PuponSW. 10onSE. 1onW.1o0onNW

6/24/2005 13:30 CC 36F RS 2 1 Pup on SW. 1 on SE

6/25/2005 13:30 CC 36F RS 1 1 Pup on SW

6/26/2005 13:30 00 38F RS 1 Ceiling<300',1 Pup on SW

6/27/2005 13:30 CC 43F RS 0

6/28/2005 13:30 CC 47F RS 0

6/29/2005 13:00 CC 46F RS 0

6/30/2005 13:20 00 44F RS 0

7/1/2005 13:30 CC 48F RS 0
Rain & Light snow today Small area of
open water S of the island Seals were

7/2/2005 13:50 00 35F RS 2 observed swimming
Small area of open water S of the island

7/3/2005 13:50 00 32F RS 2 Seals were observed swimming

7/4/2005 13:30 00 35F RS 0 Rain

7/5/2005 13:40 00 41F RS 0 Rain
Thick Fog, Low Ceiling (<300') During

7/6/2005 13:30 00 33F RS 0 Observation

7/7/2005 13:30 CC 38F RS 0
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ANNEX 3.1. Concluded.

Temp
Date Time Sky (°F) | Species | Number Comments
10 Sighted basking on an ice flow
passing on the N/E, 7 Sighted basking on
an ice flow passing on the S/W Winds
blowing from W @ 17 - 25 mph lots of
7/8/2005 14:30 00 34F RS 17 moving ice.
7/9/2005 13:00 00 35F RS 0
30 Sighted basking on an ice flow
passing on the South / West. Ice has
7/10/2005 12:30 00 37F RS 30 been flowing back and forth all day
40 Sighted basking on an ice flow
passing on the East, 6 Sighted basking
on an ice flow passing on the North, 40
Sighted basking on an ice flow passing
on the West, 38 Sighted basking on an
ice flow passing on the South/West The
7/11/2005 12:30 00 38F RS 124  ]ice was flowing past in la
7/12/2005 12:30 00 38F RS 0
7/13/2005 13:30 CC 39F RS 2 South East on ice flow basking
7/14/2005 13:00 00 41F RS 0
7/15/2005 14:00 00 41F RS 1 Swimming South of the island
7/16/2005 13:30 00 37F RS 0
Mostly open water with small ice chunks
7/17/2005 13:30 00 35F RS 0 floating by
Mostly open water with small ice chunks
7/18/2005 14:00 00 38F RS 0 floating by
Mostly open water with small ice chunks
7/19/2005 13:30 CC 32F RS 0 floating by
7/20/2005 12:00 CC 38 RS 0
Mostly open water with small ice chunks
7/30/2005 15:00 00 41F 0 floating by
Mostly open water with small ice chunks
8/1/2005 12:30 PC 40F 0 floating by
8/5/2005 9:00 00 45F 0 Open Water
8/9/2005 10:00 PC 55F 0 Open Water
Mostly open water with small ice chunks
8/13/2005 13:00 00 55F 0 floating by
Mostly open water with small ice chunks
8/16/2005 13:00 00 37F 0 floating by
8/18/2005 15:00 00 41F 0 Open Water
8/19/2005 8:00 00 33F 0 Open Water
8/22/2005 10:00 00 41F 0 Open Water
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ANNEX 3.2. Numbers of seals recorded by Northstar observers, 1 May through 20 July 2006. Dates are
Mo/Day/Yr. Sky codes OO= overcast, PS= partly sunny, PC= partly cloudy, CC= clear. RS =ringed seal.

Temp
Date Time Sky (°F) Species | Number Comments
5/1/2006 14:45 00 12 RS 1 2.2 Ice Road
5/4/2006 14:45 PC 13 0
5/5/2006 11:00 00 12 0
5/7/2006 13:30 00 21 0
5/8/2006 12:30 00 26 RS 1 Long Way off NE
5/11/2006 13:00 00 38 RS 1 1.2 Ice Road
5/12/2006 13:00 00 29 0
5/13/2006 13:30 00 28 0
5/14/2006 13:00 PC 35 RS 1 SW of Island
5/15/2006 13:30 PC 34 2 1 NE, 1 SW of Island
5/16/2006 12:00 00 27 0
5/17/2006 14:00 00 30 0
5/18/2006 13:30 00 27 RS 1 1 SW of Island
5/19/2006 13:00 PC 32 0
5/20/2006 13:00 PC 32 RS 1 1 SW of Island
5/21/2006 12:00 00 35 RS 3 1 NE, INW, 1 SW of Island
5/22/2006 13:00 00 35 RS 2 1 NE, 1 SW of Island
5/23/2006 13:00 00 39 RS 2 1 NE, 1 SW of Island
5/24/2006 14:00 PC 43 RS 2 1 NE, 1 SW of Island
5/30/2006 13:00 00 30 RS 4 1 SE, 1 SW, 1 W, 1 NW of Island
6/2/2006 13:00 PC 36 RS 3 1 SW, 1 W, 1 NW of Island
6/3/2006 13:30 00 28 RS 3 1 SW, 1 W, 1 NW of Island
6/4/2006 12:30 00 28 RS 3 1 SW, 1 W, 1 NW of Island
6/6/2006 14:00 PC 43 RS 3 2W,1SW
6/8/2006 14:00 PC 50 RS 4 2W, 1SW, 1SE of Island
6/9/2006 13:30 CC 52 RS 2 1NW, 1SW
6/10/2006 18:00 00 53 0
6/11/2006 18:00 00 54 RS 1 1SW
6/12/2006 14:00 00 42 RS 3 1SW, 1W, 1INW of Island
6/13/2006 14:00 CC 53 RS 2 1SW, 1 NW
6/14/2006 13:30 00 43 RS 1 1SW
6/15/2006 14:00 00 38 RS 3 1SW, 1W, 1INW of Island
6/16/2006 14:00 00 35 0
6/17/2006 14:00 00 38 RS 1 1 NW
6/18/2006 13:30 00 40 RS 1 1 SW
6/19/2006 14:00 00 42 RS 1 1 SW
6/20/2006 14:00 00 44 RS 1 1 SW
6/21/2006 13:30 00 40 RS 1 1 SW
6/22/2006 13:30 PC 45 RS 1 1 SW
6/23/2006 14:00 PC 45 0
6/24/2006 14:00 00 42 0
6/25/2006 12:30 CC 50 RS 1 1 SW
6/26/2006 12:30 CC 48 0
6/27/2006 13:30 RS 1
6/28/2006 0
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ANNEX 3.2. Concluded.

Temp
Date Time Sky (°F) Species | Number Comments
6/29/2006 0
6/30/2006 1
7/6/2006 15:00 OO/FG 33 0
7/7/2006 14:00 00 41 0
7/8/2006 14:30 00 41 0
7/9/2006 14:00 00 37 0
7/10/2006 14:00 PC 39 0
7/11/2006 14:30 CcC 41 0
7/12/2006 13:00 OO/FG 42 0
7/13/2006 14:30 OO/FG 38 0
7/14/2006 15:00 OO/FG 47 0
7/15/2006 15:00 OO/FG 59 0
7/16/2006 15:30 00 55 0
7/17/2006 14:30 00 53 0
7/18/2006 15:00 OO/FG 60 0
7/19/2006 13:00 00 51 0
7/20/2006 10:00 PC 37 0




Chapter 3: Seal Sightings 3-13

ANNEX 3.3. Numbers of seals recorded by Northstar observers, 15 May through 31 July 2007. Dates are

Mo/Day/Yr. Sky codes OO= overcast, PS= partly sunny, PC= partly cloudy, CC= clear. RS =ringed seal.
Temp

Date Time Sky (°F) | Species | Number Comments

There were a couple of seals sighted

5/15/2007 13:00 SKC 18 N/A 0 along the Nstar Ice Road

5/16/2007 13:00 SKC 23 N/A 0

5/17/2007 13:00 OoVvC 23 N/A 0

5/18/2007 13:30 ovC 20 N/A 0

5/19/2007 13:30 OoVvC 30 N/A 0

5/20/2007 13:30 ovC 23 N/A 0

5/21/2007 12:00 OoVvC 25 N/A 0

5/22/2007 12:30 ovCe 23 N/A 0

5/23/2007 13:00 OoVvC 23 N/A 0

5/24/2007 10:00 ovCe 23 N/A 0

5/25/2007 8:30 OoVvC 28 N/A 0

5/26/2007 12:30 ovCe 28 N/A 0

5/27/2007 13:30 OoVvC 30 N/A 0

5/28/2007 13:00 ovC 29 N/A 0

5/29/2007 15:30 oVvC 28 N/A 0

5/30/2007 12:00 ovCe 31 N/A 0

5/31/2007 10:30 ovC 26 N/A 0

6/1/2007 10:30 OoVvC 28 N/A 0

6/2/2007 8:30 oVvC 30 N/A 0

6/3/2007 7:30 PS 31 N/A 0

6/4/2007 15:00 PS 38 N/A 0

6/5/2007 15:00 PS 39 N/A 0

6/6/2007 15:00 CC 47 N/A 0

6/7/2007 13:00 CC 40 N/A 0

6/8/2007 13:30 CC 39 N/A 0

6/9/2007 14:00 CC 35 N/A 0

6/10/2007 13:00 CC 34 N/A 0

6/11/2007 13:30 PC 22 N/A 0

6/12/2007 14:00 00 33 N/A 0

6/13/2007 13:00 00 33 N/A 0

6/14/2007 15:00 00 34 RS 1 Approximately 1 mile SW of island

6/15/2007 11:30 CC 34 N/A 0

6/16/2007 12:30 CC 33 N/A 0

6/17/2007 12:30 CC 33 N/A 0

6/18/2007 9:00 00 32 N/A 0 NO VIS

6/19/2007 15:30 CC 41 N/A 0

6/20/2007 11:00 CcC 39 N/A 0

6/21/2007 14:00 CC 66 N/A 0

6/22/2007 13:00 PC 45 N/A 0

6/23/2007 14:30 CC 41 N/A 0

6/24/2007 13:00 CC 43 N/A 0

6/25/2007 16:00 CC 41 N/A 0

6/26/2007 13:00 00 38 N/A 0

6/27/2007 13:00 00 Unk. RS 1 SW
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ANNEX 3.3. Concluded.

Temp
Date Time Sky (°F) | Species | Number Comments
6/28/2007 9:30 00 37 N/A 0
6/29/2007 16:00 00 39 N/A 0
6/30/2007 8:15 00 35 N/A 0
7/1/2007 11:20 00 39 N/A 0
7/2/2007 14:10 00 44 N/A 0
7/3/2007 13:30 CC 51 N/A 0
7/4/2007 12:00 CC 50 N/A 0
7/5/2007 11:30 CcC 44 N/A 0 Lots of ice
7/6/2007 13:00 CcC 38 N/A 0 Lots of ice
7/7/2007 13:00 [ PCW/FOG| 42 N/A 0 Mix of open water and large ice
7/8/2007 13:30 [ PCW/FOG| 35 N/A 0 Mix of open water and large ice
Mostly open water with small ice
7/9/2007 13:50 | OO W/FOG| 35 N/A 0 chunks floating
Mostly open water with small ice
7/10/2007 12:00 | OO W/FOG| 36 N/A 0 chunks floating
7/11/2007 14:00 |OOW/FOG| 34 N/A 0 Open water
7/12/2007 13:00 | PCW/FOG]| 39 N/A 0 Open water
7/13/2007 12:30 [OO W/FOG| 47 N/A 0 Open water. Ceiling below 300'
7/14/2007 13:00 [OOW/FOG| 41 N/A 0 Mostly open water. Ceiling below 300'
Swimming off south westcorner of
island. Mostly open water with
medium to small chunks of ice
7/15/2007 14:00 [OOW/FOG| 39 RS 1 floating by to the west
Mostly open water with small ice
7/16/2007 13:00 43F N/A 0 chunks floating
Mostly open water with small ice
7/17/2007 14:00 CcC 50 N/A 0 chunks floating
7/18/2007 No Observation made
7/19/2007 15:00 | OO W/FOG| 43 N/A 0 Open water
7/20/2007 14:00 00 45 N/A 0 Open water
7/21/2007 14:00 00 45 N/A 0 Open water
7/22/2007 14:00 00 42 N/A 0 Open water
7/23/2007 14:00 00 47 N/A 0 Open water
7/24/2007 14:00 00 49 N/A 0 Open water
7/25/2007 14:00 00 50 N/A 0 Open water
7/26/2007 14:00 PC 54 N/A 0 Open water
7/27/2007 14:00 PC 52 N/A 0 Open water
7/28/2007 14:00 00 50 N/A 0 Open water
7/29/2007 14:00 00 50 N/A 0 Open water
7/30/2007 14:00 PC 54 N/A 0 Open water
7/31/2007 14:00 00 46 N/A 0 Open water
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ANNEX 3.4. Numbers of seals recorded by Northstar observers, 15 May through 15 July 2008. Dates are

Mo/Day/Yr. Sky codes OO= overcast, PS= partly sunny, PC= partly cloudy, CC= clear. RS =ringed seal.
Temp
Date Time Sky (°F) | Species | Number |Comments
5/15/2008 13:00 PC 33 N/A 0
5/16/2008 13:30 CC 41 N/A 0
5/17/2008 N/A 0 Too much fog
5/18/2008 N/A 0 Too much fog
5/19/2008 14:15 PC 31 N/A 0 Solid Ice
5/20/2008 11:00 PS 32 N/A 0 Solid Ice
5/21/2008 11:00 PC 32 N/A 0 Solid Ice
5/22/2008 15:30 CC 33 N/A 0 Solid Ice
5/23/2008 8:00 CcC 29 N/A 0 Solid Ice
5/24/2008 15:45 CC 43 N/A 0 Solid Ice
5/25/2008 13:00 00 36 N/A 0 Solid Ice
5/26/2008 10:00 PC 37 RS 1 North of Island on Sea Ice
5/27/2008 10:30 PC 38 N/A 0 Solid Ice
5/28/2008 13:00 PC 31 N/A 0 Solid Ice
Noticed Seals to the South of Island
5/29/2008 12:15 CcC 35 N/A 0 (3)
Noticed Seals to the South of Island
5/30/2008 13:15 00 35 N/A 0 (2)
5/31/2008 12:50 00 35 RS 10 Noticed Seals outside Protocol (3)
6/2/2008 14:00 PC 34 RS 7 Solid Ice
Went out around Noon and the fog
6/3/2008 17:30 PS 37 RS 8 was lower then 300 feet
6/4/2008 14:30 PS 35 RS 12 Solid Ice/Lots more surface water
6/5/2008 00 37 Too much fog, lower than 300ft
6/6/2008 12:45 PC 37 RS Outside perimeter 1
6/7/2008 15:00 00 38 Fog was lower than 300ft
6/8/2008 14:30 00 32 Fog was lower than 300ft
6/9/2008 13:30 00 34 Fog was lower than 300ft
6/10/2008 14:00 00 36 Fog was lower than 300ft
6/11/2008 13:30 CC 36 RS 5 Outside perimeter 2
6/12/2008 13:00 CcC 35 RS 8 North end
6/13/2008 13:00 CcC 37 RS 3 Outside perimeter 6, all on North end
6/14/2008 16:15 CC 41 RS 2 Outside perimeter 4, all on North end
Outside perimeter 8,all on North end
6/15/2008 12:30 PC 42 RS 11 and West side
6/16/2008 12:30 00 37 Fog was lower than 300ft
Outside perimeter 6,all on North end
6/17/2008 13:00 PS 41 RS 7 and West side
Outside perimeter 3,all on North end
6/18/2008 14:30 PC 32 RS 6 and West side
Nothing noticed outside perimeter Ice
6/19/2008 18:00 PC 48 RS 4 is very rotten and dirty
Nothing noticed outside perimeter Ice
6/20/2008 14:00 00 46 RS 27 is very rotten and dirty
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ANNEX 3.4. Concluded.

Temp

Date Time Sky (°F) | Species | Number |Comments

Nothing noticed outside perimeter Ice
6/21/2008 13:00 CcC 42 RS 34 is very rotten and dirty

Nothing noticed outside perimeter Ice
6/22/2008 12:00 PC 36 RS 38 is very rotten and dirty

Ice is very rotten and a lead is
6/23/2008 17:00 PC 38 RS 28 opening to the North
6/24/2008 18:00 PS 38 RS 38 Lots of standing water

Ice is very rotten and a lead is

opening to the North and Ice is
6/25/2008 18:00 PS 40 RS 55 moving in large pans

Ice is very rotten and a lead is

opening to the North and Ice is
6/26/2008 17:30 PS 40 RS 46 moving in large pans
6/27/2008 17:00 00 40 0 Fog was lower than 300ft
6/28/2008 15:00 00 46 0 Fog was lower than 300ft

Lots of Open Water Seals on Ice
6/29/2008 17:00 PS 44 RS 63 Pans to SW and NE

Lots of Open water and no seals
6/30/2008 14:00 PS 42 0 sighted

Open water 360 degrees around the
7/1/2008 14:15 PS 39 0 Island with floating Ice

Fog was lower than 300ft-Lots of
7/2/2008 16:00 00 40 0 Open Water

Open water 360 degrees around the
7/3/2008 15:45 PS 39 0 Island with floating Ice

Open water 360 degrees around the
7/4/2008 15:30 PS 44 1 Island with floating Ice

Open water 360 degrees around the
7/5/2008 14:00 PS 45 0 Island with floating Ice

Open water 360 degrees around the
7/6/2008 13:00 CcC 48 0 Island some floating ice

Open water 360 degrees around the
7/7/2008 14:30 CcC 50 0 Island some floating ice

Open water 360 degrees around the
7/8/2008 16:00 PC 49 0 Island some floating ice

Open water 360 degrees around the
7/9/2008 13:15 PC 48 0 Island some floating ice

Open water 360 degrees around the
7/10/2008 14:00 PC 46 0 Island some floating ice

Open water 360 degrees around the
7/11/2008 14:30 PC 45 0 Island some floating ice
7/12/2008 13:30 PC 44 1 Seal floating around south west side

Open water 360 degrees around the
7/13/2008 11:00 PC 46 0 Island some floating ice

Open water 360 degrees around the
7/14/2008 12:30 PC 47 0 Island some floating ice
7/15/2008 13:00 PC 53 0 Open water




Chapter 3: Seal Sightings  3-17

ANNEX 3.5. Numbers of seals recorded by Northstar observers, 15 May through 15 July 2009. Dates are

Mo/Day/Yr. Sky codes OO= overcast, PS= partly sunny, PC= partly cloudy, CC= clear. RS =ringed seal.
Temp

Date Time Sky (°F) Species | Number Comments
5/15/2009 10:00 00 23 N/A 0 Soild Ice
5/16/2009 15:30 00 20 N/A 0 Soild Ice
5/17/2009 11:00 CC 27 N/A 0 Soild Ice

In our man made moat from the bench
5/18/2009 10:00 PC 41 RS 1 repair project.
5/19/2009 10:20 CC 40 RS 1 Soild Ice
5/20/2009 9:45 CC 33 N/A 0 Soild Ice
5/21/2009 14:30 PC 28 N/A 0 Soild Ice
5/22/2009 7:00 CC 30 N/A 0 Soild Ice

In our man made moat from the bench
5/23/2009 7:30 PC 29 RS 1 repair project.
5/24/2009 14:40 PC 30 N/A 0 Soild Ice
5/25/2009 8:20 PC 31 N/A 0 Soild Ice

In our man made moat from the bench
5/26/2009 | 14:30 PC 32 RS 1 repair project.
5/27/2009 10:20 PC 31 N/A 0 Soild Ice
5/28/2009 7:40 PC 29 N/A 0 Soild Ice
5/29/2009 14:00 PC 31 RS 2 Soild Ice/1 to the South and 1 to the North
5/30/2009 14:30 00 31 RS 3 Solid Ice/ 2 to the South and 1 to the North
5/31/2009 13:00 PS 38 RS 5 Solid Ice/ 3 to the South and 2 to the North
6/1/2009 12:30 PS 43 RS 5 Solid Ice/ 3 to the South and 2 to the North
6/2/2009 13:00 PS 39 RS 3 Solid Ice/ 2 to the South and 1 to the North
6/3/2009 13:00 PS 29 RS 1 Solid Ice/ 1 to the North
6/4/2009 15:00 PS 37 RS 1 Solid Ice/ 1 to the North
6/5/2009 14:00 00 33 N/A 0 Soild Ice
6/6/2009 12:30 PC 34 N/A 0 Soild Ice
6/7/2009 18:30 PC 37 RS 2 2 to the South
6/8/2009 11:30 PS 36 RS 1 1 to the South West Corner

3 to the North and 2 to the south West
6/9/2009 16:30 cC 34 RS 5 corner

1 to the south west corner 1 to the south
6/10/2009 14:30 00 33 RS 2 east
6/11/2009 16:00 00 36 N/A 0 Too Much Fog
6/12/2009 13:30 00 36 RS 3 1 to the north, 2 to the south west
6/13/2009 16:00 00 34 N/A 0 Too Much Fog
6/14/2009 | 13:30 00 36 N/A 0 Lots of water holes on top of ice
6/15/2009 13:00 PC 39 RS 5 4 To the west 1 to the north
6/16/2009 15:00 00 33 RS 1 South of island
6/17/2009 16:20 00 36 RS 3 2 to the north, 1 to south
6/18/2009 15:50 PC 41 RS 3 2 to the north, 1 to south
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ANNEX 3.5. Concluded.

Temp

Date Time Sky (°F) Species | Number Comments

2 to the north, 2 to south, and 1 East (1
6/19/2009 | 14:00 PC 36 RS 6 Dead Pup to the South 1/2 mile off Island)

10 to the SE, 10 to the NE, 10 to the NW,
6/20/2009 | 13:00 00 29 RS 35 and 5 to the SW

10 to the SE, 10 to the NE, 10 to the NW,
6/21/2009 | 14:00 00 32 RS 36 and 6 to the SW
6/22/2009 | 14:00 00 32 N/A 0 Too Much Fog

18 to the NE, 22 to the NW, 4 to the SW,
6/23/2009 | 12:30 00 33 RS 65 and 21 to the SE

13 to the NE, 15 to the NW, 4 to the SW,
6/24/2009 | 14:30 00 34 RS 52 and 20 to the SE

18 to the NE, 20 to the NW, 4 to the SW,
6/25/2009 | 14:00 00 35f RS 63 and 21 to the SE

26 to the NE, 31 to the NW, 4 to the SW,
6/26/2009 | 16:00 00 36 RS 82 and 21 to the SE

26 to the NW, 31 to the SE, 3 to the SW,
6/27/2009 | 14:30 PS 37 RS 87 and 27 to the SE

13 to the NE, 15 to the NW, 4 to the SW,
6/28/2009 | 14:00 PS 38 RS 50 and 18 to the SE
6/29/2009 | 15:30 PS RS 2 To the N. Lot of Fog

10 to the NE, 33 to the NW, and 21 to the
6/30/2009 1230 CC 38 RS 68 SE
7/1/2009 12:00 PC 39 RS 71
7/2/2009 19:00 CC 39 RS 49
7/3/2009 16:00 00 39 RS 46
7/4/2009 14:00 PC 36 N/A 0 Moving Ice
7/5/2009 9:00 CC 43 RS 49 Slow Moving Ice
7/6/2009 13:00 PS 40 N/A 0 Moving Ice
7/7/2009 11:00 00 40 N/A 0 Open Water
7/8/2009 N/A No Personnel on island to make observation
7/9/2009 15:00 00 42 RS 1 Swimming next to Island, all open water.
7/10/2009 | 13:00 00 41 N/A 0 Open Water, some ice chunks floating
7/11/2009 | 14:00 00 47 N/A 0 Open Water
7/12/2009 | 15:15 CC 48 N/A 0 Open Water
7/13/2009 | 13:00 CC 45 N/A 0 Open Water
7/14/2009 | 14:00 CC 47 N/A 0 Moderate seas
7/15/2009 | 14:15 CcC 41 N/A 0 Heavy seas
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ABSTRACT

The objective of this chapter is to report on the levels, characteristics, and range-dependence of
underwater sounds produced by industrial activities related to Northstar Island during the open-water seasons
of 2001-2009, with emphasis on the period 2005-2009 (which was not covered in the previous
Comprehensive Report). Directional Autonomous Seafloor Acoustic Recorders (DASARs) were deployed
close to Northstar (~450 m or % mi from the island’s north shore) and in an array offshore of the island. In
2001-2004, offshore DASARs were deployed at 10 sites 6.5-21.5 km (4.0—13.4 mi) northeast of Northstar,
with 5 km DASAR spacing. In2005-2007 smaller arrays were deployed with DASARs at 3 or 4 of the same
locations used in 2001-2004. In 2008 and 2009, a large array was again deployed, with DASARs in 10
locations 8.6-38.4 km (5.3-23.9 mi) from Northstar and with 7 km DASAR spacing.

Underwater sounds received at a near-island DASAR and a subset of offshore DASARs were analyzed
as broadband signals (10—450 Hz) and as one-third octave and narrowband levels over the entire DASAR
deployment period each year (~4 weeks, from late August to late September). In addition, three “Industrial
Sound Indices” (ISIs) were defined to quantify three different characteristics of industrial sounds: the
presence of low frequencies (IS _Sband), the presence of tones from machinery (IS tone), and the presence
of transient sounds such as those from vessels (ISI transient). A subset of the 2009 sound data—those
collected near Northstar and at one offshore DASAR—are used in the assessment of the effects of industrial
sounds on the distribution of bowhead whale calls in 2009 (see Chapter 6).

Median levels of broadband underwater sound near Northstar varied in the range 98.7-105.5 dB re
1 pPa in 2005-2009, compared to 100.5-103.5 dB in 2001-2004. At an offshore location where data were
acquired every year from 2001 through 2009 (location EB / C, 14.9 km or 9.2 mi from Northstar), median
levels varied in the range 95.4-103.1 dB in 2005-2009, compared to 93.1-96.5 dB in 2001-2004. Median
broadband levels of sound near Northstar, calculated over the entire season, were always higher than in the
offshore array (location EB / C), by 2.4-7.9 dB in 2005-2009. Spectral composition of Northstar sounds
included tones at 30 Hz and 60 Hz every year (2005-2009). The presence of tones in the spectral density
levels received at the near-island DASAR was a distinguishing characteristic of Northstar sound. These tones
were not found consistently in the recordings from the offshore DASARs.

Based on comparisons of the three industrial sound indices across years, there was a trend towards a
smaller contribution of industrial sounds in 2005-2009 compared to 2001-2004: fewer samples containing
transients (vessels), fewer samples containing tones, and lower IS/ fone levels.

Activities by vessels operating near Northstar produced some of the highest amplitude underwater
sounds. During maneuvering by tugs at the island, received levels at the near-island recorder reached 135 dB
re 1 uPa and were detectable, in below-average ambient sound conditions, as far offshore as DASAR location
E, ~21.5 km (13.4 mi) from Northstar. Sounds from helicopters (tones and their harmonics from the main rotor
and tail rotor) were detected near the seafloor for short periods, but only during departures from the island,
when the helicopter’s flight path was close (< 600 m) to the location of the recorder.

Thousands of airgun pulses were detected on DASAR records during the 2008 and 2009 study periods;
these were from seismic exploration unrelated to Northstar. At the most offshore DASAR location (J),
~147,000 and ~65,000 airgun pulses were detected during 29 and 33 days in 2008 and 2009, respectively,
with median received SPLs of 105 dB and 98 dB re 1 pPa. At offshore DASAR location C, ~17,000 airgun
pulses were detected during 33 days in 2009, with median received SPL 88 dB re 1 pPa.
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INTRODUCTION

Background

Northstar is an oil production island located ~5 km offshore of the barrier islands northwest of Prudhoe
Bay, in nearshore waters of the Alaskan Beaufort Sea (position 70.49°N, 148.70°W). The island is man-made,
constructed of gravel, and located in shallow water (12 m). BP Exploration (Alaska) Inc. began construction
during the winter of 1999-2000 on the eroded remnants of an artificial island built in the 1980s for exploratory
drilling (Seal Island). The first oil was produced on 31 October 2001, peak production was reached in 2003—
2004 (~80,000 barrels/day), and current production (March 2010) is about 22,000 barrels/ day.

Concern over the short-term and long-term effects of anthropogenic sounds on the ocean environment
has been growing in recent years (Richardson et al. 1995; NRC 2003). Shipping traffic and coastal industrial
development have contributed to an increase in average levels of underwater sound in several ocean regions
since the 1950s (Ross 1976, 1993; Andrew et al. 2002; NRC 2003). Ice cover for most of the year has, in the
past, limited boat traffic in the Arctic. However, the diminishing extent of the summer ice cover (e.g.,
Johannessen et al. 1999; Wang and Overland 2009) and the quest for new oilfields has resulted in increased
human activity in the Beaufort Sea and elsewhere in the Arctic.

At the start of the Northstar project in the late 1990s, a few studies had reported on the underwater
sounds produced by man-made oil exploration islands in the Arctic during summer (e.g., Davis et al. 1985;
Johnson et al. 1986; see Richardson et al. 1995 for a review). Some of these data came from the original
exploratory drilling operation at Seal Island, where the Northstar production facilities were subsequently built.
Measurements of underwater and airborne sound during oil production from offshore facilities operating in
the Arctic during summer (open-water season) were also lacking until recently. Gales (1982) had reported on
sounds from drilling and production operations in temperate waters, but facilities used there differed from
those used in the Arctic. These early studies indicated that sound levels during construction and drilling were
lower when emanating from gravel islands than from other types of offshore platforms used in the Arctic
(e.g., caissons, drillships). Reasons for this difference probably have to do with the different construction or
emplacement procedures and the various ways in which sounds are coupled to the water. Sound measure-
ments made underwater, in air, and in the ice during Northstar construction in 2000—2001 and during initial
drilling and production operations have added to the literature on the subject (Blackwell et al. 2004a,b;
Blackwell and Greene 2005, 2006; Greene et al. 2008). Overall, these measurements have confirmed that
Northstar Island itself is relatively quiet, and that most of the sounds emanating from the Northstar operation
in summer can be attributed to the vessels associated with the island for transport of goods or personnel.

Objectives and Approach

To help assess possible effects of Northstar on marine mammals (mainly bowhead whales, Balaena
mysticetus, and ringed seals, Phoca hispida), underwater measurements of island sounds were needed during
all phases of the Northstar project, from construction to production. Also, acoustical measurements were
required on an annual basis to satisfy the provisions of (1) the NSB zoning ordinance for Northstar, and (2)
Letters of Authorization (LoA) issued by NMFS to BP with respect to possible disturbance of whales and
seals during Northstar construction and production (see Chapter 1).

The objective of the present chapter is to report on the levels, characteristics, and range-dependence of
underwater sounds produced by Northstar-related industrial activities during the open-water seasons (late
August to late September) of 2001-2009, with emphasis on the period 2005-2009 that was not covered in the
previous Comprehensive Report (Richardson [ed.] 2008). In particular, we aim to describe island-related
sounds (from construction, drilling, oil production activities and vessel traffic) as recorded close to the island,
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~450 m from the island’s north shore. In addition, we aim to investigate how far from the island these sounds
propagate towards and into the southern part of the autumn migration corridor of the bowhead whale. The
approach relies on continuous underwater recordings at fixed sites over periods of several weeks every year,
obtained by deploying instrumentation on the seafloor.

This report is required to summarize monitoring work that has been done at Northstar during the period
2005-2009 (see Chapter 1). However, data from previous years (2001-2004) are often included for the sake
of comparison. In particular, data from 2001 are often mentioned because that was a construction year with
different sound-producing equipment than later years.

BP’s Activities near Northstar

Following is a short summary of some of the activities at Northstar since 2001. Although this report
focuses mainly on 2005-2009, activities in earlier years are also mentioned here as differences in activities
during 2005-2009 vs. some earlier years are important in explaining differences in the sounds measured
during the various years. Note that only the BP activities that took place during times in late summer/early
autumn when acoustic recorders were deployed and that have the potential to produce sounds are included in
this summary. Chapter 2 includes a more complete chronology of BP’s activities at Northstar. Numerous
activities that are not mentioned here took place either during the ice-covered season or in early summer,
before our monitoring begins in late August, as BP aims to minimize noise-producing activities during the
autumn migration of bowhead whales (see Chapter 2).

Northstar construction started in early 2000, during the ice-covered season. The island was still under
construction during the open-water season in 2001, when three sealift barges brought modular buildings and
oil production equipment to Northstar in August; installation on the island continued until late September.
There were a number of tugs present, including ocean-class (7200 hp), point-class (2100 hp), and river-class
(1095 hp) tugs. Self-propelled barges (440 hp each) had been used as moveable docks for transfer of island
personnel as well as goods, but were replaced with floating docks on the island’s eastern and western shores
during 2001. The island’s primary power was provided by diesel-powered generators.

From late 2001 (after the whale migration season) to the present day, oil production and gas injection
have occurred at Northstar essentially continuously. By the 2002 open-water season, the diesel-powered
generators had been replaced with generators powered by Solar gas turbines, and two gas compressors had
been installed for re-injection of gas into the oil reservoir. Drilling for new wells took place nearly contin-
uously until late October 2002 (concurrent with oil production) using a top-drive drill-rig on the island.
Information on vessel traffic, which is an important contributor to the sound field around Northstar during the
open-water season, will be presented in more detail in the section Specific Island-Related Sources.

METHODS

Recorders (DASARs)

The data presented in this chapter are based on recordings obtained with Directional Autonomous
Seafloor Acoustic Recorders (DASARs, Greene et al. 2004). Two different DASAR models were used
during the period covered in this report. The two DASAR models are functionally equivalent, with some
minor differences in the specific mechanical configuration and electronic equipment (see p. 2-5 in Blackwell
et al. 2010a). In 2001-2007 DASARs of the initial design (model “A”) were used; these DASARs are
described in Greene et al. (2004) and Blackwell et al. (2007a). DASARs of the model “C08” were built in
2008 and used during the 2008 and 2009 field seasons. A photograph and schematic representation of a
DASAR-CO8 are shown in Figure 4.1. A DASAR-COS consists of a pressure housing (17.8 ¢cm high and
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FIGURE 4.1. Directional Autonomous Seafloor Acoustic Recorder (DASAR). (A) Schematic diagram of the
components of a DASAR (model C08) recorder. (B) A DASAR about to be deployed off the stern of an ACS
Bay vessel. The ground line is on the reel (left) and the Danforth anchor and chain (right) are ready to be
shackled to the ground line once the latter has been laid out on the seafloor. The DASAR is deployed first
and the anchor last.
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32.4 ¢cm in diameter, or ~7” and 12.75”, respectively) containing the recording electronics and alkaline
batteries. A sensor suspended elastically about 12.7 cm (5”) above the pressure housing includes two particle
motion sensors mounted orthogonally in the horizontal plane for sensing direction. It also includes a flexural
pressure transducer for the omni-directional sensor. The pressure housing is bolted to a square frame with
66 cm (26”) sides. A spandex “sock” stretched over the tubular “cage” surrounding the pressure housing (see
Fig. 4.1B) protects the sensors from motion in water currents. The total in-air weight is ~32.2 kg (71 1b) and
the in-water weight is ~15 kg (33 Ib).

DASARSs record sound at a 1 kHz sampling rate (1000 samples/s) on each of three data channels: (1)
an omnidirectional channel, (2) a “cosine channel” on the primary horizontal axis, and (3) a “sine channel” on
the horizontal axis perpendicular to the cosine channel. Each channel has maximum sensitivity in its primary
direction, and the sensitivity falls off with the cosine of the angle away from the axis. The recorder includes a
signal digitizer with 16-bit quantization. The samples are buffered for about 45 min, then written to an
internal 60 GB hard drive (25.4 GB for DASAR-As), which takes about 20 s. Allowing for anti-aliasing, the
1 kHz sampling rate and the 60 GB hard drives used in 2008—-2009 allow for a data bandwidth of 450 Hz and
up to 116 days of continuous recording (45 days in 2001-2007).

The directional capability of DASARSs is used to triangulate the positions of whale calls (see Chapter
5). However, in this chapter only data from the omnidirectional channel (an acoustic pressure sensor) are
presented.

The hydrophones in DASARSs of both models were procured with individual sensitivity information,
relative to frequency, provided by the manufacturer. For DASAR-As this means that reported sound pressure
levels are expected to be correct within + 1.5 dB across the range of reported frequencies. DASAR-CO08s used
in 2008-2009 were calibrated more accurately. Two DASAR-C08s were taken to the U.S. Navy’s sound
transducer calibration facility TRANSDEC in San Diego in 2008. The two DASAR-CO08s calibrated at
TRANSDEC were then used as secondary standards for calibrating the remaining DASAR-C08s. The
hydrophone sensitivity varies with frequency. The manufacturer’s specifications for the hydrophones listed a
sensitivity of —134 dB re 1 V/uPa at 100 Hz for the DASAR-As and —149 dB re 1 V/uPa at 100 Hz for the
DASAR-CO08s. For the latter, the results of the TRANSDEC calibration confirmed this value. The
hydrophone recorder electronics overloaded (saturated) when the instantaneous sound pressure exceeded
136 dB and 151 dB re 1 pPa at 100 Hz, respectively, for the DASAR-As and DASAR-CO08s. This happened
occasionally with received airgun pulses or vessels passing right over the recorder.

Field Work

Deployments and Retrievals

Every year from 2001 to 2009, recorders were deployed in late August and retrieved in late September
or early October. Table 4.1 gives dates of the beginning and end of data collection each year. Season length
was in the range 18-36 days. Weather, sea state, ice conditions, and the prognosis for deteriorating conditions
in late September/early October influenced the specific dates of DASAR deployment and retrieval.
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TABLE 4.1. Deployment dates for DASARSs in 2001-2009. Begin and end times (local) of
data collection are rounded to the nearest multiple of 15 min. End times of data collection
exclude problematic DASARSs that stopped recording early. The season lengths shown
represent minima, calculated using the latest deployment times and / or earliest retrieval

times.
Data collection begins Data collection ends Season length (days)
2001 ~29 Aug. 12:00 1-3 Oct. 32,5
2002 30 Aug. 11:15-31 Aug. 15:00 23 Sept. 10:00'" 22.8
2003 29 Aug. 01:00? 28 Sept. 09:30-15:00 30.4
2004 30 Aug. 19:00 26 Sept. 09:00—1 Oct. 16:00 26.6
2005 4 Sept. 10:00? 3 Oct. 09:15-11:15 29.0
2006 7 Sept. 11:00-12:00 25 Sept. 09:00-13:00 17.9
2007 28 Aug. 12:00 3 Oct. 15:30-19:15 36.1
2008 27 Aug. 00:00 25 Sept. 08:30-16:15 29.4
2009 26 Aug. 00:00 28 Sept. 09:00-15:45 33.4

(1) In 2002, a storm tipped over the DASARs at the specified time, even though recording continued until
retrieval on 3 and 4 Oct. (2) In 2003, WB, SE, and SW started recording on 29 Aug. at 15:00. (3) In 2005,
near-island DASARSs started recording on 30 Aug. at 21:00. (4) In 2006, near-island DASARSs started recording
on 29 Aug. at 12:00.

DASARs were configured for deployment by connecting one end of the instrument’s aluminum frame
to a 110-m line and a 2-kg Danforth anchor (see Fig. 4.1). After deploying the DASAR with a lowering line,
the ground line was laid out straight on the seafloor and the anchor was dropped when the end of the ground
line was reached. The GPS locations of both the DASAR and anchor were recorded during deployment. For
retrieval at the end of the season, a triple grapnel anchor assembly” was towed perpendicular to the 110-m line
and across it. Once the ground line was snagged by the grappling hooks, all the gear was brought back
onboard the ship.

DASARSs were deployed in two main areas:

(1) Near Northstar, about 450 m northeast of the island’s north shore—these DASARs will hereafter
be referred to as “near-island DASARs”. The near-island recorders have been deployed in approximately the
same locations in all years of the study (2001-2009). Three (or more) recorders were deployed in close
proximity (about 150 m between adjacent recorders) to ensure that suitable near-island acoustic data would be
acquired if 1 or even 2 units malfunctioned. Water depth at the deployment locations was about 13 m (43 ft).
These DASARs are referred to as NSa, NSb, and NSc.

(2) As an offshore array, at distances 6.5-38.4 km (4-23.9 mi) northeast of Northstar, depending on
the years—these DASARSs will hereafter be referred to as “array DASARSs” or “offshore DASARs”. Figure
4.2 shows a map with the DASAR deployment locations used in all years. The deployment pattern for these
DASARs has gone through three phases, summarized in Table 4.2: «2001-2004, when DASARs were
deployed in two overlapping hexagons (10 locations forming 10 equilateral triangles with 5 km sides), at
distances 6.5-21.5 km (4—13.4 mi) from Northstar. » 2005-2007, when a smaller array was deployed (3 or 4
locations), in some of the same locations as in 2001-2004. Deployment locations varied among these three

? This assembly consisted of a 6-m chain and three grapnel anchors, with one anchor near the middle of the chain, one at
the end, and the third between the other two.
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FIGURE 4.2. DASAR locations in 2001-2009, in relation to Northstar (blue star). All locations shown with
open triangles were used in 2001-2004, whereas a subset of these locations was used in 2005-2007 (see
Table 4.2). All locations shown with purple triangles were used in 2008 and 2009. Note that location EB/C
was used in all years. The locations of the near-island DASARs (red rectangle) are shown just north of
Northstar. The inset shows how calibration stations (green dots) were positioned around each DASAR. The
distance between a DASAR and its calibration stations was ~2.9 km in 2001-2007 (with 5 km between
adjacent DASARs) and ~4.0 km in 2008 and 2009 (with 7 km between adjacent DASARs).
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TABLE 4.2. Deployment locations for DASARs in 2001-2009, water depths at these locations, and their
distances to Northstar (N*). Water depths are approximate as they varied slightly from year to year. Atsome
locations, duplicate DASARSs were deployed in certain years (for example CA in 2001-2004, EB / C in 2006—
2009). Near-island recorders (N*, top line) were always deployed at least in triplicate. The near-island
recorders were cabled hydrophones in 2001, 2002, and the first half of the 2003 field season, and DASARs
during the second half of the 2003 season and in 2004—2009. See Figure 4.2 for a map of the deployment
locations and Table 4.1 for deployment dates. ¥ = complete record obtained. ¥ * = incomplete record because
of DASAR malfunction. ¥ ** = DASAR deployed but no data collected.

Water Depth Dist. to N*
(m/ ft) (km/mi) 2001 2002 2003 2004 2005 2006 2007 2008 2009

35/115 352/219 - - - - - - -

N* 13/43 045/028 N N N N AN A A A A
SwW 17 156 6.5/40 ~N* N* N A* - - - - ,
SE 18/59 106/66 N N N N - - . - }
WB 19/62 93/58 N N N N AN - i - -
cc 20/66  11.4/71 ~N* N A N N NN - -
EB=C 23/75 14.9/92 ~N* N N N N N N AN A
WA 22/72 141/88 N N N A - - - - ;
CA 24/79 166/103 N* N N A - NN - -
EA 24/79 195/121 N* N A+ A - - - - ,
NE 24/79 215/134 N N N A - - N - -
NW 24/79 19.0/118 N** N N 4 - - - - }
A 15/ 49 86/53 - - - - - - N
B 18/59  105/6.5 - - - - - - - NN
D 23/75 175/10.9 - - - - - - Y
E 25/82 215/134 - - - - - - N
F 28/92 245/152 - - - - - - - NN
G 30/98 284/17.7 - - - - - - Y
H 35/115 31.5/196 - - - - - - N

NN

N oA

J 38/125 38.4/239 - - - - - - -
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years because they were influenced by the location of the nearshore pack-ice in 2005 and 2006. « 2008-2009,
when a large array was deployed 8.6-38.4 km (5.3-23.9 mi) offshore, with 10 locations forming 8 equilateral
triangles with 7 km sides, organized as two parallel rows, tilted to the east by 30° from true north (Fig. 4.2).

One deployment location in the offshore array has remained the same in all years of the study: location
EB, called C since 2008, 14.9 km (9.2 mi) northeast of Northstar (Fig. 4.2, Table 4.2). This DASAR location
serves as a reference for sound levels and whale calls throughout all years of the study.

Health checks were performed on the DASARs after deployment to test whether they were functioning
as expected. This was done by placing a surface-deployed transducer (a pole-mounted Benthos DRI-267A
Dive Ranger Interrogator) in the water at the recorded GPS location of each DASAR. The transducer
interrogated an acoustic transponder (Benthos UAT-376, operational range 25-32 kHz) in each recorder,
which responded on one channel if it was recording and on another channel if it was not.

DASAR Clock Calibrations

Each field season, clock and bearing calibrations were performed after deployment and before retrieval
on all DASARs. In some years, additional calibrations were performed on one or more intermediate dates.
Clock calibrations are conducted because each DASAR’s clock has a small but significant drift. The rate of
drift needs to be quantified in order to maintain an accurate time base over the course of the deployment
(Greene et al. 2004). Bearing calibrations are conducted because, during initial deployment, a DASAR’s
orientation on the seafloor is random with respect to true north. Directional calibration is therefore necessary
in order to obtain correct bearings to whale calls detected by the DASARs (see Chapter 5). The calibration
procedure in the field applies to both clock and bearing calibration analyses conducted after the DASARs are
retrieved. However, only the data from the omnidirectional sensor are presented in this chapter, so only clock
calibrations are relevant here. (Bearing calibration procedures are described in Chapter 5.) Calibrations are
performed by projecting test sounds underwater at known times and known locations, and recording these
sounds on the DASARSs. Six calibration stations were used around each DASAR (see insert in Fig. 4.2), with
shared calibration stations between adjacent DASARs. After processing (see below), the collected data
allowed us to synchronize all the DASAR clocks and to determine each DASAR’s orientation on the seafloor.

Equipment used for calibrations included a J-9 sound projector, an amplifier, a laptop computer to
generate the projected waveform, and a GPS to control the timing of the sound source. A spectrogram of the
waveform used is shown in Figure 4.3. The signal consisted of a 2-s tone at 400 Hz, a 2-s linear sweep from 400
to 200 Hz, a 2-s linear sweep from 200 to 400 Hz, a 2-s linear sweep from 400 to 200 Hz, and 4 s of pseudo-
random noise (m-sequence with 255 chips, repeated once every second on a 255 Hz carrier frequency). The first
8 s segment of this signal was used in 2001-2008; the final 4 s segment was added in 2009. The source level of
the projected sound was ~150 dB re 1 uPa @ 1 m. During calibration a waveform transmission was initiated
every 15 s, for a total duration of about 2 min (i.e., 8-9 transmissions).

Investigation of Unknown Sounds at Northstar

Since 2001, three different recurring sounds of unknown origin have been identified on DASAR records.
The first (2003) and third (2008-2009) were mainly identified on the records of the near-island recorders; the
second (2006) was also detected on offshore DASARs. Characteristics of these three recurring sounds are
presented in the Results section. The current section describes fieldwork performed to investigate the origin and
received levels of the unknown sound of 2008-2009. Of the three unknown sounds, it was the only one with
received levels (near the source) potentially above 180 dB re 1 uPa, so it was the only one that required additional
investigation according to the provisions of LoAs issued by NMFS to BP.
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FIGURE 4.3. Spectrogram of the calibration waveform as used in 2009. See text for more information.

In Sept. 2008 an unidentified popping sound was detected on recordings from the near-island DASARs
(Blackwell et al. 2009). Bearings extracted from the records of the near-island DASARSs pointed to the
northeastern side of Northstar as the most likely source location of the pops. Based on the available
information, it was possible that the source level of some pops could reach 180 dB re 1 pPa or higher at 1 m.
According to the LoAs, BP is required to implement additional marine mammal monitoring if sound pressure
levels (SPLs) may exceed 180 dB re 1 puPa in waters beyond the Northstar facility where cetaceans might
occur’. Therefore, BP informed regulatory agencies about the pops and their potential sound levels at
Northstar, and agreed to undertake additional efforts at the start of the 2009 open-water season. These efforts
were to (1) determine if the pops were still present in 2009 and, if so, (2) attempt to localize their source.

In spring 2009 (11 June and 16 July) two attempts were made to use hydrophones to listen for pops
either from shore (Fig. 4.4A,B) or from a vessel. These attempts are summarized in Blackwell et al.
(2010a,b). No popping sounds were heard.

On 25 Aug., 12 Sept., and 26 Sept., in conjunction with DASAR deployments or calibrations, an
Acousonde™* autonomous recorder (“tag”) was deployed close to the bottom near the island, with the goal of
obtaining recordings of popping sounds. The tag was attached to a small weighted frame and placed on the
seafloor (Fig. 4.4C,D). On the three dates, the tag was deployed for ~7 hours, ~8 hr, and ~10 hr, respectively,
in locations about 135 m, 35 m, and 45 m northeast of the island’s northeastern corner, respectively.

? Note that since the source of the pops is unknown, it is unclear whether they qualify as “industrial sounds”.

* Information on the Acousonde™ can be found on the website http://www.acousonde.com.
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FIGURE 4.4: Pop sound investigation. (A) and (B) Listening for pops with a cabled hydrophone deployed in
the moat along the western shore of Northstar, 11 June 2009. (C) and (D) Deployment of the Acousonde
(the black and red cylinder within the metal stand) on 25 Aug. 2009. On that date, the Acousonde was
deployed ~135 m northeast of the northeastern corner of Northstar and retrieved after ~ 7 hours.

The tag recorded continuously at a sampling rate of 27.33 kHz (27,330 samples/s), and provided acoustic data
in the range 20 Hz-9.3 kHz.

Data Analyses

After retrieval, DASARs were opened and dismantled. The sampling program was shut down, and the
hard drives were removed and hand-carried back to Greeneridge Sciences, where backup copies were made.
Data were transferred to computers running MATLAB™ and custom analysis software, and were equalized
prior to processing. Equalization is a calibration procedure that compensates for the fact that the sensitivity
curve of a DASAR sensor is not flat across all frequencies (see Blackwell et al. 2006). Equalization permits
computing calibrated sound pressure levels, both on a spectral density basis and in various frequency bands
(e.g., 10-450 Hz or by one-third octave).

Various analyses were performed on the data. Details on each of these analyses are explained in the
following sections:

. Calibration of DASAR clocks;

. Broadband, narrowband, and one-third octave band levels of sound;
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. Industrial sound indices (ISIs), used to characterize industrial components of the sounds
emanating from Northstar and its attending vessels;

. Analyses of impulsive sounds, such as airgun pulses and “pop” sounds detected close to
Northstar in 2008-2009;

DASAR Clock Calibrations

The sample clock utilized in the DASAR hardware design is quite accurate. However, as with all
crystal oscillators, there is an inherent tradeoff between precision and power. Low power consumption is
desirable for long-term deployments and fortunately, in the Arctic, clock imprecision is readily correctable
because the relatively stable water temperature near the seafloor results in a near-constant rate of clock drift.
Under such conditions, the DASAR clocks will incur a linear drift that, over 30 to 40 days of deployment, can
reach + one minute.

Figure 4.5A shows a spectrogram of a group of eight calibration signals received by an offshore
DASAR. Inthis example, there are few interfering background sounds and the calibration signals of interest
are readily detected in the spectrogram, and further clarified using a matched filter (Fig. 4.5B). The matched
filter is especially useful when calibration signals are obscured by background noise, and was used for the
first time in 2008. The calibration analysis accounts for the travel time of the sound propagating between the
calibration source and the DASAR and determines what the true time of arrival at the DASAR should be.
The time error (the difference between true time and DASAR clock time) is then characterized as a linear
function, shown in Figure 4.5C, and used to correct the time measured by the DASAR clock to true time. For
the DASAR in Figure 4.5C, the estimated initial time offset is 3.18 s, and the estimated clock drift is
-2.02 s/day. Bearing calibration procedures are explained in more detail in Chapter 5.

Broadband, Narrowband, and One-third Octave Band Levels

For each DASAR, narrowband spectral densities (1 Hz cell spacing, 1.7 Hz bandwidth) were deter-
mined for a one-min period every 4.37 min (262 s). This provided ~330 spectral measurements per 24-hour
day for frequencies in the 10-450 Hz range. To derive each of these one-min spectra, standard signal-analysis
procedures were applied. A series of 119 one-second-long data segments, overlapped by 50% and thus
spanning one min, were analyzed. The 119 resulting 1-Hz spectra were averaged to derive a single averaged
spectrum documenting narrowband levels for the one-min period.

One-third octave band and broadband levels were derived from the narrowband spectral densities. The
bandwidth of a one-third octave band is 23% of its center frequency (see Richardson et al. 1995, p. 24, for a
review). Standard center frequencies for adjacent one-third octave bands used here include 10 Hz, 12.5, 16,
20, 25, 31.5, 40, 50, 63, 80, 100, 125, 160, 200, 250, 315 and 400 Hz. One-third octave data are commonly
used when considering the audibility of sounds to animals (or humans) because the effective filter bandwidth
of mammalian hearing is roughly one-third octave (Richardson et al. 1995). One-third octave band levels
were calculated by summing the mean-square pressures at all frequencies within the one-third octave band in
question, providing a measurement of the sound level in each band, averaged over a one-min period, for each
4.37-min interval. Broadband levels were also derived from the narrowband data by summing the mean
square pressures of all frequencies within the 10-450 Hz frequency range. These narrowband, one-third
octave, and broadband data at 4.37-min intervals provided a continual time-series record of the levels of low-
frequency underwater sounds at each of the DASARs analyzed.

The narrowband and one-third octave data were also summarized over entire deployment periods to
derive “statistical spectra” showing, for each frequency or one-third octave band, the levels exceeded during
various percentages of the 1-min samples. For each of the 1-Hz frequency bins in the spectra, the values were
sorted from smallest to largest, and the minimum, 5™-percentile, 50™-percentile, 95"-percentile, and
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FIGURE 4.5. Calibration of DASAR clocks. (A) Spectrogram of eight calibration signals projected on 26 Aug.
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period. (B) Matched filter output, coincident with above spectrogram, showing detections of the calibration
signals. (C) Clock drift for array DASAR “C” determined by plotting time error as a function of date and time.
These calibration transmissions were performed on 26 Aug., 12 Sept., and 26 Sept. 2009 (red dots).
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maximum values for that frequency bin were determined. The same procedure was applied to one-third
octave band data. This provided a summary of the range of spectral density values or one-third octave band
levels over an entire season. It therefore allowed general comparisons between years by identifying, for
example, prominent tones or the dominant frequency ranges of industrial sounds.

Industrial Sound Indices (ISIs)

For purposes of this study, where the main interest lies in understanding the relationship between
sounds generated by Northstar and the distribution and behavior of migrating bowhead whales, it is important
to understand the contribution of industrial components to the overall underwater sound. For that reason,
industrial sound indices (ISIs) were developed to represent the most important components of the sounds
emanating from Northstar or its attending vessels. These components are the low frequency sounds, which
are typical of industrial sounds and are represented by IS/ 5band; the presence of tones, which are typical of
engines and other machinery and are represented by IS/ tone; and the presence of transient sounds, such as
those produced by passing vessels, as represented by IS/ transient.

ISI 5band’.—This ISI was constructed by summing the mean square sound pressure levels (SPL) in
the one-third octave bands centered at 31.5, 40, 50, 63, and 80 Hz. Collectively, those bands span the
frequency range 28 to 90 Hz. These one-third octave bands are known to be dominated by industrial
components. One-third octave bands that appeared to be substantially influenced by natural sound compon-
ents (at least in 2001-2002, the years being considered when ISI 5band was first defined) were not included
when calculating ISI 5band (Blackwell 2003; Richardson and Williams [eds.] 2003). Total mean-square
sound pressure in the five one-third octave bands considered was computed as

dBSl.S dB40 dBSO dB(y} dBSO ]
3

ISI_Sbandzloxlogwx(lO 041010 41010 41010 +10 10 |;

where dB;;s, dBs, dBso, dBs3, and dBgy are mean square SPLs in the five relevant one-third octaves
(Richardson et al. 1995, p. 30). The result is equivalent to the sound pressure in the (approx.) 28 to 90 Hz
band.

ISI tone.—This index was designed to quantify tones present in the sound spectrum. Tones are
produced by machinery and are, therefore, typically characteristic of industrial or vessel sound. The 1-min
spectra (10-450 Hz) computed every 4.37 min from the near-island and offshore recorders were examined for
the presence of tones. A tone was defined as present when the spectral density value for a given frequency
was at least 5 dB above the average level of the two frequency bins below and the two frequency bins above
the frequency being examined. The average of those 4 “nearby” frequency bins constituted the “back-
ground”®. The amount by which each tone exceeded its corresponding background was recorded. The
ISI tone measure for a given 1-min sample was the sum of the powers (pressure, in pPa’) of these differences,
for all the tones identified by the >5 dB criterion, converted back to dB re 1 pPa. The value of ISI fone is
therefore either 0 or >5 dB.

ISI transient.—This index was designed to quantify transient sounds that build up slowly (over
minutes) and then decline, such as those from a passing vessel. The IS/ transient level is calculated by
computing a running average of IS/ 5hand levels (one sample every 4.37 min) with a time constant of 4 hr,
centered on the time of interest. This running average is mainly determined by background levels prevailing

> Called simply “ISI” in the early years of the study (2001-2004).

% For example, say the frequency of interest is 20 Hz. The “background” will be calculated from the values of the bins
centered at 18 Hz, 19 Hz, 21 Hz, and 22 Hz.
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over the 4-hr period. If an individual 1-min level (i.e., in the 28-90 Hz band) is at least 5 dB above the
corresponding 4-hr background value, then the amount by which it exceeds the background level is recorded
and reported as the value of ISI transient for the corresponding time. The value of IS transient is therefore
either 0 or >5 dB.

Analyses of Impulsive Sounds

In some years of the study (principally 2008 and 2009), DASAR records included many impulsive
sounds. These were primarily of two types: airgun pulses, from seismic exploration taking place in the
Beaufort Sea up to hundreds of km away in certain years, and “pop” sounds, an unknown type of sound
occurring close to Northstar in 2008 and 2009.

Airgun pulses have energy distributed over our entire analysis band of 10450 Hz. They are therefore
a source of interference in the sound records and should be quantified. In addition, bowhead whales have
been shown to react to sounds from airguns (Richardson et al. 1986, 1999; Ljungblad et al. 1988, and others).
Although airgun sounds detected in this study were not associated with activities at or for Northstar, it was
suspected that they might influence bowhead whales offshore of Northstar and thus confound interpretation of
Northstar effects on the whales. Thus, there was a need for data on the airgun sounds.

To obtain a quantitative assessment of the number and properties of airgun pulses detected via the
offshore array, we used an automated pulse detector (developed by Dr. Aaron Thode, Scripps Institution of
Oceanography) in 2008 and 2009, two years with heavy airgun activity. The automated pulse detector was
run on the records of DASAR location J in 2008 and locations C and J in 2009. This automated process took
place in three stages: pulse detection, interval estimation, and level measurement. The first two stages (pulse
detection and interval estimation) are described in detail in Annex 4.1 at the end of this chapter. Once pulses
were identified, the software calculated the following five parameters (see Greene 1997; McCauley et al.
1998, 2000; Blackwell et al. 2004b) for each detected pulse: (1) peak pressure, i.e., the maximum of the
received instantaneous sound pressures at the 1 ms sampling intervals (in dB re 1 pPa); (2) pulse duration,
defined as the time interval between the arrival of 5% and 95% of the total pulse energy (in s); (3) pulse
sound pressure level (SPL), averaged over the pulse duration (dB re 1 pPa); (4) pulse sound exposure level
(SEL), a measure related to the energy in the pulse, defined as the squared instantaneous sound pressure
integrated over the pulse duration (dB re 1 pPa*-s); and (5) background level, as determined over 0.5-1 s
immediately preceding the pulse.

Pops were detected on the records of the near-island recorders in 2008 and 2009. Pops were also
detected at DASAR A, the southernmost DASAR in the offshore array. Bearings from the near-island
recorders to selected pops were directed predominantly southward and southwestward from those recorders,
i.e., pointing towards Northstar (Blackwell et al. 2009). Therefore, it was important to characterize these
popping sounds as well as possible, and to identify (or narrow down) the source location.

After retrieving the Acousonde tag deployed on 25 Aug., 12 Sept., and 26 Sept. 2009, the records were
downloaded to a computer. The data were high-pass filtered with a 50 Hz cutoff frequency (below the pops’
frequency band) to remove 30 Hz mechanical noise, which was suspected to originate from the Acousonde
deployment frame (see Fig. 4.4C,D). A peak detector with an instantaneous pressure threshold of 7 Pa
(136.9 dB re 1 puPa) was applied to the time series data from each deployment, to identify the locations in the
records where pops occurred. Although a lower detection threshold would detect more putative pops, the
aforementioned threshold was chosen because it addressed the main goals of this investigation, i.e., to
establish the presence of pops and identify source levels of the strongest ones.

For each peak exceeding the aforementioned 7 Pa threshold, the peak pressure, pulse duration, pulse
SPL and pulse SEL were determined, as described above for airgun pulses. In addition, the same peak
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detector, utilizing various threshold levels including 7 Pa as with the Acousonde, was applied to the entire
2008 and 2009 recording from near-island DASAR NSb. This would allow us to compare presence and
variability of pops across years and to confirm hypotheses concerning the mechanism behind the pop source.

Helicopter Sounds

During the BP Liberty OBC seismic survey in July 2008 (Aerts et al. 2008), sounds from helicopters
were detected on the ocean bottom cables used as seismic receivers. Over deep water away from shore,
underwater sounds from helicopters are generally detectable only within an area close to the path of the
helicopter (Snell’s law, see Richardson et al. 1995, p. 80). However, in the Liberty area, the shallow water
and proximity to shore provided possible bottom-reflected and bottom-refracted paths for sound transmission.
In those situations, underwater sound from helicopters is often detectable farther from the helicopter’s path.
BP decided to further investigate the extent to which the helicopters that travel to and from Northstar intro-
duce sound into the water surrounding the island. Bell 212 helicopters are used for travel to and from
Northstar (see Chapter 2). The presence of tones from these helicopters was investigated in the record of one
of the near-island DASARs during the 2008 field season. The Bell 212 helicopter is known to produce tones
at 10.8 Hz from the main rotor and at 55 Hz from the tail rotor (Patenaude et al. 2002). Harmonics of both
frequencies also occur. Patenaude et al. (2002) detected tones up to the 13™ harmonic (140 Hz) for the main
rotor and up to the 6™ harmonic (330 Hz) for the tail rotor.

Records of helicopter landings and takeoffs at Northstar during the period 26 Aug.—25 Sept. 2008 were
used to identify the times on the sound records at which helicopter sounds might be detected. The calibrated
near-island DASAR sound records were used to produce spectrograms for 10-min periods centered on recorded
arrival and departure times. There were 27 round trips by helicopters to Northstar during the 26 Aug.—25 Sept.
period. Of these, spectrograms were made of about half (13 arrivals, 13 departures). The spectrograms were
used to visually identify the presence of tones at ~11 Hz, 55 Hz, and their harmonics, and (if present) to
determine the exact time span over which they occurred in the records. (The recorded helicopter arrival and
departure times are approximate.) Spectral density levels were then computed over 10 s samples at the times
identified on the spectrograms and centered on the strongest part of the helicopter sounds.

RESULTS AND DISCUSSION

The overall study objective is to assess the effects of Northstar activities, as manifested primarily in
underwater sounds, on the distribution and behavior of calling bowhead whales. An important component of
this assessment is to understand what sounds are produced by the Northstar operation (island and attending
vessels) and received by migrating whales, as they represent the “dose” of sound to which we expect some
bowhead whales may react. The current chapter summarizes the analyses of sounds recorded near Northstar
and in the offshore DASAR array during the late summer and early autumn of 2001-2009, but with an
emphasis on 2005-2009, a period that was not covered in the previous comprehensive report (Richardson
[ed.] 2008). This nine-year period covers much of the construction of the island, the drilling of the wells, and
the transition to a production operation. Northstar sounds will be examined from different perspectives, such
as the presence of transient sound sources or tones from machinery. In addition, the contributions of specific
sound sources, such as vessels or helicopters, will be assessed and matched to observed changes in the sound
records, when possible.

Since 2001, the offshore array of DASARSs has included recorders deployed, at various times, in at least
19 different locations at distances 6.5-38.4 km (4-23.9 mi) from Northstar, and it would therefore be
impractical to report on the sounds at all of these locations in a summary chapter such as this one. Instead, we
have focused on DASAR EB/C as the representative array DASAR, for at least three reasons: ¢ itis the only
DASAR location from which recordings have been made during each field season since 2001; ¢ it was close
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to the 5th quantile of the offshore distances to whale calls as localized in 2009, which is relevant to the studies
presented in Chapter 6 on the effects of Northstar sounds on bowhead call distribution; and ¢ it is close
enough to Northstar that some of the sounds produced at or near the island can still be detected there. In
certain sections, data from one of the other offshore DASARs will be presented to illustrate particular points.

The results are presented in the following six sections:
Broadband sound levels as recorded near Northstar and in the offshore array, 2001-2009;

2. Percentile one-third octave band and spectral density levels near Northstar and in the offshore array,
i.e., frequency composition of the sounds described in (1), presented for 2001 and 2005-2009;

3. Industrial sound indices (ISIs) of sounds recorded near Northstar and offshore, including IS/ 5band,
ISI tone, and ISI transient, presented for 2001-2009;

Sounds from two specific island-related sources: vessels and helicopters;
Sounds from unknown sources, including those detected in 2003, 2006, and 2008—2009 (“pops™);

Airgun pulses recorded by offshore DASARs in 2008 and 2009; these pulses originated from seismic
exploration activities not related to Northstar.

Broadband Sound Levels near Northstar and Offshore

Figure 4.6 compares broadband levels, as recorded ~450 m northeast of the island, over nine seasons
(late Aug. to late Sept. or early Oct.) of monitoring (2001-2009). The two most important features of these
sound pressure time series (SPTS) will be discussed: the general shape of the SPTS and the presence / density
of “spikes” (see below).

The shape of the SPTS, and in particular the lower edge of an “envelope” around the plotted SPTS, is
mainly determined by wind, which is related to sea state and therefore background levels. This relationship is
illustrated in Figure 4.7, showing the minimum hourly broadband level at a near-island DASAR in 2006, and
the concurrent mean hourly wind speed as recorded by the Northstar weather station. Most of the time, there
is a close match between the two lines. An exception occurred during 13—15 Sept. 2006, when sound levels
were lower than expected based on wind alone. It is possible that the wind on those days was from a direction
that led the near-island recorder to be on the lee side the island, but this was not verified (the wind direction
sensor was broken on those days).

The vertical “spikes” that are visible on the SPTSs in Figure 4.6 correspond to short-duration (generally
a few minutes) increases in the received levels of sound at the near-island DASAR. Most of the time these
sound spikes are caused by vessels arriving at or departing from the island (Blackwell and Greene 2006), and
are therefore referred to as “vessel spikes”. The frequency of occurrence of vessel spikes has been quite
variable over the years. It was highest in 2001, during island construction (Fig. 4.6). In September 2001
there were high levels of activity by tugs and barges bringing construction-related gear and materials to the
island. There was also a crew boat, which made up to two dozen round trips per day to Northstar, delivering
personnel and supplies. After 2001 the number of vessel spikes decreased, but is generally related to the
construction activities—in recent years often repair or upkeep—that occur at the island any particular season.
After the 2003 field season, the crew boat was replaced with a hovercraft. The amount of time that a passing
hovercraft is audible from a fixed location underwater is on the order of seconds, certainly less than a min
(Blackwell and Greene 2005). Consequently, the hovercraft does not create a sound spike on the SPTS at the
near-island recorders (as shown in Fig. 4.6), in part because of how those data are analyzed (see section
Vessels in Specific Island-Related Sources below). The replacement of the crew boat by a hovercraft has
contributed to a decrease in the frequency of occurrence of vessel spikes starting in 2004.
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FIGURE 4.6. Sound pressure time series (10—450 Hz band; 1-min averages) for the entire 2001-2009 late summer / early autumn field seasons, as
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FIGURE 4.7. Comparison of the minimum hourly broadband level (black line) and the mean hourly wind speed
(gray line) in 2006. Broadband levels were recorded by near-island DASAR NSc, 465 m (1525 ft) northeast of
the island, and the wind speed was recorded by the Northstar weather station.

Figure 4.8 summarizes mean wind speed (31 Aug.—30 Sept.) in each year since 2001, as recorded by
the Northstar’ (2001-2006) or Prudhoe Bay (2007—2009) weather station. Over the nine years shown, mean
wind speed varied in the range 4—10 m/s (8.9-22.4 mph). In other words, mean wind speed in the windiest
year (2007) was 2.5x that in the year with the lowest mean wind speed (2001). (This comparison ignores any
possible differences due to the fact that the wind speed data come from two different weather stations.)
Insofar as the SPTS data are affected by wind and waves, these annual differences in mean wind speed should
affect received levels of sound at the near-island recorder (see Table 4.3, below) and especially at the offshore
recorders (where the industrial contribution is reduced).

Figure 4.9 compares broadband levels over nine seasons of monitoring (2001-2009), as recorded at the
offshore DASAR location EB/C. Just as Figure 4.6 shows broadband levels recorded ~450 m from
Northstar, Figure 4.9 shows broadband levels ~14.8 km (9.2 mi) offshore of the island. For any particular
year, there were two main differences between Figures 4.6 and 4.9: the overall levels of sound and the
number of vessel spikes.

On average, broadband levels of sound were lower at location EB/C than near Northstar. When
ambient sound levels were low, as in calm weather, received levels of sound were generally higher close to
Northstar than at location EB/C because of the sounds emanating from the island. When ambient sound
levels were high, as during stormy weather, received levels of sound were still generally higher near
Northstar, most likely because waves pounding and breaking on the shores of the island in relatively shallow
water (12 m = 39 ft at Northstar) produce more sound than rough weather in open and somewhat deeper water
(for example, 38 m = 125 ft deep at location J). This is shown in Figure 4.10, which compares broadband
levels at the near-island recorder and at the offshore DASAR farthest from the island (location J) in 2009.
Both DASARSs display the same general sea state-driven trends of fluctuations in received levels over the
season. If we ignore “vessel spikes”, the minimum and maximum levels at the near-island DASAR were

" The Northstar weather station was dismantled after the 2006 open-water season. The Northstar and Prudhoe Bay
weather stations were located about 12 km apart.
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FIGURE 4.8. Mean wind speed for the period 31 Aug.—30 Sept. in 2001-2009, plus one standard deviation.
Data for 2001-2006 were collected by the Northstar (N) weather station, and data for 2007-2009 were
collected by the Prudhoe Bay (PB) weather station.

about 10 dB and 15 dB higher, respectively, than the corresponding times at DASAR J. Note that occasion-
ally (e.g., 5—6 or 12—14 Sept.) received leve