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OUTER CONTINENTAL SHELF 

PREVENTION OF SIGNIFICANT DETERIORATION 
PERMIT TO CONSTRUCT 

 

Permit Number: R10OCS/PSD-AK-2010-01 Issuance Date: September 19, 2011 
 
In accordance with the provisions of Clean Air Act (CAA) Section 328 and Code of Federal 
Regulations (CFR) Title 40, Part 55, and the provisions of Part C to Title I of the CAA and 40 
CFR § 52.21, 

Shell Offshore Inc. 
3601 C Street, Suite 1000 

 Anchorage, AK 99503  

is authorized to construct and operate the Noble Discoverer (Discoverer) drillship and its air 
emission units and to conduct other air pollutant emitting activities in accordance with the permit 
conditions listed in this permit, and only at the following lease blocks from the Beaufort Sea lease 
sales 195 and 202: 
 
BF 195: 6657 6658 6659 6707 6708 6709 6712 6713 6751 6752 6757 6758 6764 6773 6774 6801 

6802 6814 6815 6822 6823 6824 6851 6873 6874 

BF 202:

 

 6259 6308 6309 6310  6359 6406 6407 6409  6410 6457 6459 6460 6461 6508 6510 6511 
6512 6558 6559 6560 6561 6562 6609 6610 6611 6612 6660 6662 

Terms not otherwise defined in this permit have the meaning assigned to them in the referenced 
statutes and regulations.  All terms and conditions of the permit are enforceable by the United 
States Environmental Protection Agency (EPA) and citizens under the CAA. 
 
 
 
______/S/___________________ ____09/19/2011____________ 
Richard Albright Date 
Director, Office of Air, Waste and Toxics 
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AUTHORITY 
The United States Environmental Protection Agency (EPA) is issuing this outer continental shelf 
(OCS)/prevention of significant deterioration (PSD) permit pursuant to Section 328 of the CAA, 
42 U.S.C. § 7627, and the implementing OCS regulations at 40 CFR Part 55, and pursuant to Part 
C to Title I of the CAA, 42 U.S.C §§ 7470 to 7492, and the implementing PSD air quality 
regulations at 40 CFR § 52.21.  This action is based upon the application submitted by Shell 
Offshore Inc. (Shell or permittee) on January 18, 2010, supplemental submittals identified in the 
administrative record for this permit action, and upon the technical analysis performed by the 
EPA. 

In addition the EPA is issuing this OCS/PSD permit consistent with Article 3 of the State of 
Alaska Air Quality Control Regulations 18 Alaska Administrative Code (AAC) 50.302 
(Construction Permits), and 18 AAC 50.306 (Prevention of Significant Deterioration Permits), the 
applicable provisions of which have been incorporated into 40 CFR Part 55 Appendix A. 

FINDINGS 
On the basis of the information in the administrative record, the EPA has determined that: 

1. The permittee will meet all of the applicable requirements of the 40 CFR Part 55. 

2. The permittee will meet all of the applicable requirements of the 40 CFR § 52.21. 

3. The permittee will meet all of the applicable requirements of 18 AAC 50. 

APPROVAL CONDITIONS 
Shell is authorized to construct and operate the vessels and emission units listed in Tables 1 
through 6, at any of the lease blocks identified on Page 1 of this permit, and consistent with the 
representations in the permit application and subject to the conditions in this permit. 

Coast Guard Safety Zone.  The permit does not authorize operation unless: 

a. The Discoverer is subject to a currently effective safety zone established by the United 
Sates Coast Guard (USCG) which encompasses an area within at least 500 meters from the 
center point of the Discoverer and which prohibits members of the public from entering 
this area except for attending vessels or vessels authorized by the USGC (such area shall 
be referred to as the “Safety Zone”); and 

b. Shell has developed in writing and is implementing a public access control program to: 

• locate, identify, and intercept the general public by radio, physical contact, or other 
reasonable measures to inform the public that they are prohibited by Coast Guard 
regulations from entering the Safety Zone; and 

• communicate to the North Slope communities on a periodic basis when exploration 
activities are expected to begin and end at a drill site, the location of the drill site, 
and any restrictions on activities in the vicinity of Shell’s exploration operations. 



Permit No. R10OCS/PSD-AK-2010-01                                                              Shell Offshore Inc.  
Noble Discoverer Drillship – Beaufort Sea Exploration Drilling Program 
 
 

 
 
 Page 25 of 100 
 

1.5. Confirmation that emissions from the source would impact no area where an 
applicable increment was known to be violated.  The confirmation shall include a 
description of the legal and factual basis for this determination. 

2. Duration of Exploration Operations.  The permittee shall only conduct exploration 
drilling operations in the Beaufort Sea between July 1 and November 30 each year 
(referred to hereafter as the “drilling season”). 

2.1. During any drilling season, the permittee shall not operate the Discoverer as an 
OCS Source in excess of 120 calendar days.  Each partial day the Discoverer is 
operated as an OCS source shall be counted as a calendar day. 

2.2. During any drilling season, the permittee shall not conduct any drilling activity in 
excess of 1,632 hours.  Drilling activity is defined as any time when the top drive is 
engaged and turning the conventional rotary bit and any time when conducting mud 
line cellar (MLC) activity as defined in Condition B.2.3.  

2.3. During any drilling season, the permittee shall not conduct any MLC activity in 
excess of 480 hours.  MLC activity is defined as any time when any MLC 
compressor engine (Units FD-9 – 11) or HPU engine (Units FD-12 – 13) is 
operating. 

2.4. For each drill site at which the Discoverer operates, the permittee shall record the 
following: 

2.4.1. The location of each drill site, using a modern global positioning system to 
determine the location.  Location shall be recorded by providing coordinates 
in the following formats: 

2.4.1.1. Latitude and longitude, and  

2.4.1.2. Universal Transverse Mercator grid system. 

2.4.2. The lease block within the Beaufort Sea lease sales 195 or 202 where the 
drill site is located. 

2.4.3. The date and hour that the Discoverer became an OCS Source at that drill 
site. 

2.4.4. The date and hour that the Discoverer ceased to be an OCS Source at that 
drill site. 

2.4.5. For each period of drilling activity except for periods of MLC activity, the 
permittee shall record the following: 

2.4.5.1. The date and hour at which the top drive is first engaged and 
turning the conventional rotary bit; and 

2.4.5.2. The date and hour at which the top drive is disengaged and no 
longer turning the conventional rotary bit. 

2.4.6. For each period of MLC activity the permittee shall record the following: 

2.4.6.1. The earlier of the following two points in time; the date and hour 
in which the first MLC compressor engine (Units FD-9 – 11) 
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begins operation and the date and hour in which the first HPU 
engine (Units FD-12 - 13) begins operation; and 

2.4.6.2. The later of the following two points in time; the date and hour 
in which the last MLC compressor engine (Units FD-9 – 11) 
ceases operation, and the date and hour in which the last HPU 
engine (Units FD-12 – 13) ceases operation. 

2.5. Any time spent drilling a relief well shall be included in the time recorded in 
Conditions B.2.1. 

2.6. By the 10th of each month, the permittee shall calculate and record the following 
operating parameters for the previous month and a running total for the current drill 
season or 12-month period, based upon recordkeeping performed pursuant to 
Conditions B.2.1, B.2.2, and B.2.3: 

2.6.1. The number of days the Discoverer operated as an OCS source;  

2.6.2. The number of hours of drilling activity; and  

2.6.3. The number of hours of MLC activity. 

3. Drilling Season Notification.  Each drilling season, the permittee shall report to the EPA 
via facsimile the information below, within 3 days of occurrence: 

3.1. The date and hour that the Discoverer became an OCS Source at the first drill site 
of that drilling season; and 

3.2. The date and hour that the Discoverer ceased to be an OCS Source at the last drill 
site of that drilling season. 

4. Global Positioning System.  The permittee shall use a global positioning system on the 
Discoverer and Associated Fleet (except for the Kvichaks Nos. 1-3 and Rozema Skimmer) 
as follows: 

4.1. Monitor and record the date, time and location of the Discoverer and Associated 
Fleet when the Discoverer becomes and ceases to be an OCS source. 

4.2. Monitor and record the date, time and location when each vessel in the Associated 
Fleet enters or leaves the 25 mile radius area around the Discoverer. 

4.3. Once each hour, monitor and record the date, time, and location of the Discoverer 
and Associated Fleet. 

4.4. Once each hour, monitor and record the date, time, direction the bow of the 
Discoverer is pointed, and wind direction at the Discoverer. 

5. Best Available Control Technology (BACT) for Sulfur Dioxide (SO2) Emissions from 
Discoverer Emission Units.  The permittee shall not combust any liquid fuel with sulfur 
content greater than 0.0015 percent by weight, as determined by Condition B.5.1, in any 
emission unit on the Discoverer (except for Unit FD-7). 

5.1. Representative fuel samples shall be obtained using one of the methods in 40 CFR 
§ 80.330(b).  The sulfur content of the fuel shall be determined using ASTM D 
5453-08b. 
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OUTER CONTINENTAL SHELF 
PREVENTION OF SIGNIFICANT DETERIORATION 

PERMIT TO CONSTRUCT 

Permit Number:  R10OCS/PSD-AK-09-01 Issuance Date: September 19, 2011 
 
In accordance with the provisions of Clean Air Act (CAA) Section 328 and Code of Federal 
Regulations (CFR) Title 40, Part 55, and the provisions of Part C to Title I of the CAA and 40 
CFR § 52.21, 

Shell Gulf of Mexico Inc. 
3601 C Street, Suite 1000 

Anchorage, AK 99503 

is authorized to construct and operate the Noble Discoverer (Discoverer) drillship and its air 
emission units and to conduct other air pollutant emitting activities in accordance with the permit 
conditions listed in this permit, and only at the following lease blocks from the Chukchi Sea lease 
sale 193: 
NR02-02: 6819 6820 6821 6822 6868 6869 6870 6871 6872 6918 6919  6920 6921 6922 6968 6969
 6970 6971 6972 7018 7019 7020 7021 7022  7023 7068 7069 7072 

NR03-01: 6105 6106 6155 6156 6161 6162 6211 6212 6261 6363 6364  6413 6414 6415 6418 6419
 6462 6463 6464 6465 6467 6468 6469 6512  6513 6514 6515 6516 6517 6518 6519 6562 6563
 6564 6565 6567 6568  6569 6612 6613 6614 6615 6616 6617 6618 6665 6666 6667 6668 6705 
 6706 6712 6715 6716 6717 6753 6754 6755 6756 6761 6762 6765 6766  6767 6803 6804 6805
 6810 6811 6812 6813 6814 6815 6816 6817 6853  6854 6855 6860 6861 6862 6863 6864 6865
 6866 6903 6904 6905 6908  6909 6910 6911 6912 6913 6914 6915 6916 6953 6954 6955 6956
 6957  6958 6959 6960 6961 6962 6963 6964 6965 7006 7007 7008 7009 7010  7011 7012 7013
 7014 7056 7057 7058 7059 7060 7061 7062 7063 7106  7107 7108 7109 7110 7119 

NR03-02: 6114 6115 6161 6163 6164 6165 6213 6214 6215 6220 6259  6261 6263 6264 6265 6270
 6271 6321 6322 6359 6360 6371 6372 6409  6410 6422 6423 6459 6508 6558 6608 6658 6671
 6672 6708 6713 6714  6715 6721 6722 6757 6761 6762 6763 6764 6765 6766 6771 6807 6811 
 6812 6813 6814 6815 6816 6817 6856 6862 6863 6864 6865 6866 6905  6912 6913 6914 6915
 6916 6962 6963 6964 6965 

NR04-01: 6352 6401 6402 6452 6453 6503 6504 6554 6604 

NR03-03:

Terms not otherwise defined in this permit have the meaning assigned to them in the referenced 
statutes and regulations.  All terms and conditions of the permit are enforceable by the United 
States Environmental Protection Agency (EPA) and citizens under the CAA. 

 6007 6008 6009 6010 6017 6018 6020 6056 6057 6058 6059  6067 6068 6070 6108 6219
 6560 6561 6609 6610 6611 6658 6659 6660 6709 6721 6722 6723 6759 6771 6772 6773 6823 

 
 
 
_________________________ _________________________ 
Richard Albright Date 
Director, Office of Air, Waste and Toxics 
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AUTHORITY 

The United States Environmental Protection Agency (EPA) is issuing this outer continental shelf 
(OCS)/prevention of significant deterioration (PSD) permit pursuant to Section 328 of the CAA, 
42 U.S.C. § 7627, and the implementing OCS regulations at 40 CFR Part 55, and pursuant to Part 
C to Title I of the CAA, 42 USC §§ 7470 to 7492, and the implementing PSD air quality 
regulations at 40 CFR § 52.21.  This proposed action is based upon the application initially 
submitted by Shell Offshore Inc. (Shell or permittee) on December 19, 2008, supplemental 
submittals identified in the administrative record for this permit action, and upon the technical 
analysis performed by the EPA. 

FINDINGS 

On the basis of the information in the administrative record, the EPA has determined that: 

1. The permittee will meet all of the applicable requirements of the 40 CFR Part 55. 

2. The permittee will meet all of the applicable requirements of the 40 CFR § 52.21. 

APPROVAL CONDITIONS 

Shell is authorized to construct and operate the vessels and emission units listed in Tables 1 
through 5, at any of the lease blocks identified on Page 1 of this permit, and consistent with the 
representations in the permit application and subject to the conditions in this permit. 

Coast Guard Safety Zone.  The permit does not authorize operation unless: 

a. The Discoverer is subject to a currently effective safety zone established by the United 
Sates Coast Guard (USCG) which encompasses an area within at least 500 meters from the 
center point of the Discoverer and which prohibits members of the public from entering 
this area except for attending vessels or vessels authorized by the USGC (such area shall 
be referred to as the “Safety Zone”); and 

b. Shell has developed in writing and is implementing a public access control program to: 

• locate, identify, and intercept the general public by radio, physical contact, or other 
reasonable measures to inform the public that they are prohibited by Coast Guard 
regulations from entering the Safety Zone; and 

• communicate to the North Slope communities on a periodic basis when exploration 
activities are expected to begin and end at a drill site, the location of the drill site, 
and any restrictions on activities in the vicinity of Shell’s exploration operations. 
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16.3.4 The monitoring result which triggered the additional monitoring. 

16.4 The Operating Report must include reports of any required monitoring, including 
all emission calculations required by the permit. 

B. SOURCE WIDE REQUIREMETNS 

1. Drill Site Notification.  At least 6 months prior to the Discoverer becoming an OCS 
Source, the permittee shall notify the EPA via facsimile of the following information: 

1.1. The location of the proposed drill site, using coordinates in the following formats: 

1.1.1. Latitude and longitude, and 

1.1.2. Universal Transverse Mercator grid system. 

1.2. The lease block within the Chukchi Sea lease sale 193 where the drill site is 
located; 

1.3. The proposed date that the Discoverer will become an OCS Source at that drill site; 

1.4. Confirmation that emissions from the source would impact no Class I area.  The 
confirmation shall include a description of the legal and factual basis for this 
determination; and 

1.5. Confirmation that emissions from the source would impact no area where an 
applicable increment was known to be violated.  The confirmation shall include a 
description of the legal and factual basis for this determination. 

2. Duration of Exploration Operations.  The permittee shall only conduct exploration 
drilling operations in the Chukchi Sea between July 1 and November 30 each year 
(referred to hereafter as the “drilling season”).  

2.1. During any drilling season, the permittee shall not operate the Discoverer as an 
OCS Source in excess of 120 calendar days.  Each partial day the Discoverer is 
operated as an OCS source shall be counted as a calendar day. 

2.2. During any drilling season, the permittee shall not conduct any drilling activity in 
excess of 1,632 hours.  Drilling activity is defined as any time when the top drive is 
engaged and turning the conventional rotary bit and any time when conducting mud 
line cellar (MLC) activity as defined in Condition B.2.3. 

2.3. During any drilling season, the permittee shall not conduct any MLC activity in 
excess of 480 hours.  MLC activity is defined as any time when any MLC 
compressor engine (Units FD-9 – 11) or HPU engine (Units FD-12 – 13) is 
operating. 

2.4. For each drill site at which the Discoverer operates, the permittee shall record the 
following: 

2.4.1. The location of each drill site, using a modern global positioning system 
to determine the location.  Location shall be recorded by providing 
coordinates in the following formats: 
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2.4.1.1. Latitude and longitude, and 

2.4.1.2. Universal Transverse Mercator grid system. 

2.4.2. The lease block within the Chukchi Sea lease sale 193 where the drill 
site is located. 

2.4.3. The date and hour that the Discoverer became an OCS Source at that 
drill site. 

2.4.4. The date and hour that the Discoverer ceased to be an OCS Source at 
that drill site. 

2.4.5. For each period of drilling activity except for periods of MLC activity, 
the permittee shall record the following: 

2.4.5.1. The date and hour at which the top drive is first engaged and 
turning the conventional rotary bit; and 

2.4.5.2. The date and hour at which the top drive is disengaged and 
no longer turning the conventional rotary bit. 

2.4.6. For each period of MLC activity the permittee shall record the 
following: 

2.4.6.1. The earlier of the following two points in time; the date and 
hour in which the first MLC compressor engine (Units FD-9 
– 11) begins operation and the date and hour in which the 
first HPU engine (Units FD-12 – 13) begins operation; and 

2.4.6.2. The later of the following two points in time: the date and 
hour in which the last MLC compressor engine (Units FD-9 
– 11) ceases operation and the date and hour in which the 
last HPU engine (Units FD-12 – 13) ceases operation. 

2.5. Any time spent drilling a relief well shall be included in the time recorded in 
Condition B.2.1.  

2.6. By the 10th of each month, the permittee shall calculate and record the following 
operating parameters for the previous month and a running total for the current drill 
season or 12-month period, based upon recordkeeping performed pursuant to 
Conditions B.2.1, B.2.2, and B.2.3: 

2.6.1. The number of days the Discoverer operated as an OCS source;  

2.6.2. The number of hours of drilling activity; and  

2.6.3. The number of hours of MLC activity. 

3. Drilling Season Notification.  Each drilling season, the permittee shall report to the EPA 
via facsimile the information below, within 3 days of occurrence: 

3.1. The date and hour that the Discoverer became an OCS Source at the first drill site 
of that drilling season; and 

3.2. The date and hour that the Discoverer ceased to be an OCS Source at the last drill 
site of that drilling season. 
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Framing the Assignment and Process    1

Chapter 1

Chapter

1
“As a significant owner of Arctic 
resources, the United States has a 
responsibility to know what it owns, 
to understand basic biology, geology, 
and natural history of its assets, and to 
understand the population dynamics of 
the living resources it manages—alone, 
or in concert with the State of Alaska 
and other Nations”
(U.S. Arctic Research Commission, 
2010).

“Among the greatest uncertainties in 
future energy supply and a subject of 
considerable environmental concern 
is the amount of oil and gas yet to be 
found in the Arctic” 
(Gautier and others, 2009).

Framing the Assignment  
and Process 

     By Leslie Holland-Bartels and Brenda Pierce
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Chapter

3
Introduction

This chapter provides a general overview of the physical and biological 
environments of the Beaufort and Chukchi Seas. We also include 
information on the human communities and subsistence resources of 
this area. This chapter, along with Chapter 2, Geological Context, which 
discusses the current knowledge of oil and gas resources, sets the stage 
for other chapters in this report that delve into greater detail on important 
aspects of these marine areas and resources and their relationship to oil 
and gas leasing, exploration, and development. In this chapter, we present 
findings and recommendations that speak to the state of the broader science 
foundation of the Arctic. This information informs specific oil and gas 
development-related discussions in later chapters. Two broad syntheses have 
recently captured much of this information, some of which is repeated here 
(Hopcroft and others, 2008a; Minerals Management Service, 2008). These 
summaries are authoritative and should be consulted to develop a broader 
framework of the previous research in the Beaufort and Chukchi Seas.

The Beaufort and Chukchi Seas are marginal seas of the Arctic Ocean 
(�������). They lie north and northwest, respectively, of Alaska. Both seas 
are linked atmospherically via the Aleutian Low, whose variable position, 
strength and interactions with Arctic air masses affect meteorological 
conditions. They are linked oceanographically with the Pacific Ocean 
primarily via the Bering Strait, through which northward flow transports 
waters and organisms from the Bering Sea Shelf. The Beaufort Sea extends 
from Point Barrow in Alaska east to Banks and Victoria Islands of the 
Canadian Arctic Archipelago and the Amundsen Gulf. The Chukchi Sea 
extends from Point Barrow, Alaska and the Beaufort Sea in the east to 
Wrangell Island and the East Siberian Sea in the west. The Bering Strait 
forms the southern boundary of the Chukchi Sea and connects it with the 
Bering Sea and Pacific Ocean.

Ecological and 
Subsistence Context 
 
   By Anthony R. DeGange and Lyman Thorsteinson
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Physical Oceanography 
(from Weingartner and others, 2008, and 
Minerals Management Services, 2008)
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Figure 3–1. Schematic circulation map of the northern Chukchi Sea and western Beaufort Sea. From Weingartner and 
others (2008).
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3.01. Findings and Recommendations: Circulation 
processes along the Chukchi Sea shelfbreak and around Hanna 
Shoal in the northeast Chukchi Sea are poorly understood. The 
circulation here is part of a broader circulation field that connects 
the Chukchi and Beaufort slopes and carries waters draining from 
the western Chukchi Sea Shelf through Herald Valley to the eastern 
Beaufort Sea. There is high interest in the Hanna Shoal area for oil 
and gas exploration and development. 

The wind field is poorly understood in the Beaufort Sea and these 
winds are important in shelf and slope dynamics and would 
influence the movement of pollutants in this area. Meteorological 
models and observational studies of the barrier winds and sea 
breeze effect should be undertaken in conjunction with a review of 
existing data to determine the scales of the along- and cross-shelf 
winds.

Circulation processes at the seaward edge of the landfast ice edge 
are complex insofar as these involve ice dynamics and wind and 
buoyancy forcing. Ice edge processes are critical in understanding 
how waters in inshore and offshore areas interact. 

The large-scale circulation and thermohaline structure of the 
Beaufort Sea needs to be better understood with consideration 
given to the large inter-annual variability in winds and ice 
conditions. 

Measurements and models of wave regimes and storm surges 
should be conducted for the Beaufort and Chukchi Seas. A 
preliminary review of the 60-year long Barrow wind record 
suggests that wind intensities and extremes have increased 
over the past 15 years. Summer/autumn ice retreat over the last 
decade also has been unprecedented. These changes will have a 
major influence on the wind wave and storm surge climate of the 
Beaufort Sea and should be factored into offshore, nearshore, and 
onshore development scenarios.
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Figure 3–2. Maps showing sea-ice extent for single months and single years, using 1980 as an example of an extensive ice cover year, 
and 2007 as the record minimum year—maximum winter extent. The magenta line plots the long-term median ice edge based on years 
1979–2000. Source: National Snow and Ice Data Center (2007a), accessed April 15, 2011, at http://nsidc.org/cgi-in/bist/bist.pl?annot=1&le
gend=1&scale=100&tab_cols=2&tab_rows=2&config=seaice_index&submit=Refresh&mo0=03&hemis0=N&img0=extn&mo1=09&hemis
1=N&img1=extn&year0=1980&year1=2007.
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Figure 3–3. Plots of sea-ice extent anomalies for March (maximum sea-ice extent) and September (minimal sea-ice extent) expressed 
as percent-departure from average (that is, anomalies as compared to the 1979–2000 mean). Source: National Snow and Ice Data 
Center (2007b), accessed April 15, 2011, at http://nsidc.org/cgi-bin/bist/bist.pl?config=seaice_extent_trends&submit=Go%21.

Figure 3–4. Maps showing sea-ice extent for single months and single years, using 1980 as an example of an extensive ice cover year, 
and 2007 as the record minimum year. The magenta line plots the long-term median ice edge based on years 1979–2000. Source: National 
Snow and Ice Data Center (2007a), accessed April 15, 2011, at http://nsidc.org/cgi-bin/bist/bist.pl?annot=1&legend=1&scale=100&tab_
cols=2&tab_rows=2&config=seaice_index&submit=Refresh&mo0=03&hemis0=N&img0=extn&mo1=09&hemis1=N&img1=extn&year0=198
0&year1=2007.
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Figure 3–5. Maps showing old versus new ice in the Arctic for February. These maps show the median age of February sea ice from 
1981 to 2009 (left) and February 2009 (right). As of February 2009, ice older than 2 years accounted for less than 10 percent of the ice 
cover. Dark blue equals ice greater than 2 years old; medium blue equals 2 year old ice; pale blue equals annual ice. Source: National 
Snow and Ice Data Center (2010), accessed April 15, 2011, at http://nsidc.org/sotc/sea_ice.html.
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3.02. Findings and Recommendations:  Ice seasons of 
shorter duration and longer open-water seasons will favor longer 
seasons for resource development and transportation.

The northern Chukchi and Beaufort Seas are undergoing rapid ice 
retreat that will result in a change in ocean dynamics that might 
alter upwelling and biological productivity. If so, this could have 
cascading effects on all aspects of marine and coastal ecosystems. 

A reduction in the sea-ice cover and a lengthening of the ice-free 
season, particularly in autumn when wind speeds are strongest, 
will result in larger wind waves and storm surges, resulting in 
more rapid coastal erosion. These changes could influence patterns 
of abundance of fish and wildlife, subsistence use patterns, and 
how development occurs along the coast. Research is needed to 
understand how the wind wave field and storm surges will change 
in response to changes in sea ice concentration and extent. 

Improved understanding is needed of the impact of the changing 
ice regime on species and on biological hot spots in the Chukchi 
Sea and southwestern Beaufort Sea ice, which have high levels of 
biological productivity.
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Figure 3–7. Contours of integrated chlorophyll a concentrations (mg m-2, milligrams per square meter) 
based on discrete measurements (black points denote sampling locations), April–September 1976–2004 
(Grebmeier and others, 2006). 
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(from Bluhm and others, 2008)
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�5������$

3.03. Findings and Recommendations:  Now that some 
recent baselines have been established for phytoplankton, 
microbes, and zooplankton, it is critical that long-term repeated 
measurements are established from the Bering Strait northward 
throughout the Chukchi Sea, and extending into the Beaufort Sea. 
Continued annual sampling at a series of fixed stations/transects 
during a consistent seasonal time-window is required to establish 
long-term and inter-annual trends. 
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Figure 3–8. Benthic biomass distribution in the Chukchi and northern Bering Seas. (From Grebmeier and 
others, 2006.) (g C m-2, grams of carbon per square meter.)
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3.04. Findings and Recommendations:  Regional hot spots 
for regular monitoring should include the southern Chukchi Sea, 
Barrow Canyon, and the Barter Island area. Secondly, source areas 
of organic and inorganic carbon should receive special attention, 
such as the inflow of nutrient-rich Anadyr water through the Bering 
Strait and river and permafrost run-off along the coastlines. The 
importance lies in regular sampling of the same areas to establish 
long-term time series. 

Routine and robust monitoring of the benthos in areas of offshore 
development would be useful to establish trend information and to 
monitor the impacts of development and pollution.
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Status of Important Marine Mammal Stocks that 
Inhabit the Beaufort and Chukchi Seas
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Gray Whale (Eschrictius robustus)  
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Beluga Whale (Delphinapterus leucas)
:0������1�����5������0	������������������	������������)�

�	��2����������������1������	�����������	�1�	����������1$�
����������������������������	����	������������	�����0������1��
#���0�������!����"$�7	�����������������������1�=���������
�	���	�1�	������#�!�������	��0��	�#�����#�!������������"�
0����������	��2������������0��	�#�����	���>�&"�����������

��!�������������������##��������#�����#�!��������	���	����
5���1�����	���	�1�	�����$�:	�����������	�����������	�1�	��
��������1��������1��0��5�������������5����!������5�����������$�
:	��2����������������1���#5�����5����
>��������#���$�������
����#����	���#����0	��������#��	�����0������1��0����������	��
2����������0	�����	��������������������������0��	�"��1����$�

Ribbon Seal (Histriophoca fasciata) 
:	��%���1������1�����	����55����������	�5�����	��2�������

�	�1�	�������0�������2�������������������������������0��	�
�"���0������"��1������������������	�����������$�:	�������#����
�5�����������	������	�������������	����������������	����������
����0�������2��������������	��0������������������������������
�	����	���#�������������	���	�1�	����������	����##��$�%�
�����5���"�"������������#������������!����5��$�:	��9�D��
�����!�����"�����������������	����55���������������	��.�%����
��A$����(���#5�����?��9�D�������#������	������������	��
��55��������0�������0����������9���������������D��	������
���!�������? $�:	��9�D�������������	������	���	�����������
������������	����55��������"�"�������������1����0��	������������
������8���������������0��	������5������&����	�5��������55���������
����������1�������5���#�����������������"������0��	����	��
��������5�����������2�!����������	�������? $��

Table 3–1. Most common marine mammal stocks found in the Chukchi and Beaufort Seas of Alaska.
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Ringed Seal (Phoca hispida)
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Figure 3–9. Track lines of bowhead whales in the Chukchi Sea in the autumn. Source: Alaska Department of 
Fish and Game (2009), accessed April 18, 2011, at http://www.adfg.alaska.gov/static/home/about/management/
wildlifemanagement/marinemammals/pdfs/bow_move_chukchi_sea.pdf. Also see Quakenbush and others 
(2010) for detailed analysis of bowhead whale movements in the autumn and winter. 
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Figure 3–10. Movements of ringed seals marked with satellite transmitters near Kotzebue, Alaska. Source: Kotzebue IRA 
(2010), accessed April 18, 2011, at http://www.kotzebueira.org/current_projects2.html.
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Figure 3–11. Movements of bearded seals tagged with satellite transmitters in the vicinity of Kotzebue. Source: 
Kotzebue IRA (2010), accessed April 18, 2011, at http://www.kotzebueira.org/current_projects.html.
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Spotted Seal (Phoca largha)
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Overview—Arctic Marine Mammal Information 
Needs
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Figure 3–12. Tracks of Pacific walrus tagged with satellite transmitters depicting distribution 
over the continental shelf (U.S. Geological Survey, unpub. data, 2007–2010).
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3.05. Findings and Recommendations:  Population enumeration is poor, 
even non-existent, for many species, and relatively good for a few. Without 
information on stock structure, however, which is poorly known for many species 
but fundamental to management, data are difficult to interpret even for species 
where abundance estimates exist. 

There is little or no information about wintering distribution and habitats for most 
species except polar bears and gray whales. Existing data for most species are 
for non-winter months when researchers can access marine mammal habitat. 

New modeling of the impact of oil pollution on marine mammals using updated 
oil-spill trajectory models, population models, satellite telemetry data, and 
new information on distribution and abundance would be informative for some 
species.

Trophic interactions of marine mammals were first studied 30 years ago. Although 
trophic structure generally is understood for most species (for example, general 
prey types, where they feed in the food web), seasonal, annual, and geographic 
variability in diet are poorly quantified and foraging areas are poorly described.

Thirty years ago, as part of Outer Continental Shelf Environmental Assessment 
Program (OCSEAP), the need for basic biological information about key forage 
species was highlighted by seabird and marine mammal researchers. Little 
progress has been made since those recommendations were made. Among 
the most important forage species are: Arctic cod (Boreogadis saida), saffron 
cod (Eleginus gracilis), sandlance (Ammodytes hexapterus), capelin (Mallotus 
villosus), copepods (Calanus spp.), and euphausiids (Thysanoessa spp.).

Threshold levels quantifying the anthropogenic effects (noise, hydrocarbons, 
contaminants, shipping, displacement, attractants, air pollution, commercial 
fishing, and so on) from industrial development on marine mammals are needed 
for select target species. Sensible mitigation measures should be the end-product 
of these research efforts. 

Long-term ecological monitoring and life history analyses are needed for focal 
marine mammals. Measurements from infrequent studies can be very misleading. 
Because of great changes that have occurred in the Arctic, especially to sea ice, 
measures from studies conducted 30 years ago may or may not reflect current 
population dynamics. These types of studies are expensive, so thought should be 
given to identify and target “indicator” species although ESA requirements force 
study at the species level.  

Conduct long-term, longitudinal studies of habitat use/foraging areas and trophic 
complexes at one or more biological hotspots—that is, include marine mammals 
in long-term and site-specific oceanographic studies such that data on habitat 
are obtained concurrent with information on marine mammal habitat selection. 
Long-term monitoring programs on most marine mammal species are lacking 
because of cost and complex logistics. Exceptions to this do exist (for example, 
mark-recapture studies in the southern Beaufort Sea for polar bears and annual 
aerial surveys for bowhead whales), but costs for these programs are high and 
are increasing. 

Studies using advances in satellite telemetry have revolutionized our ability to 
track wildlife. Continued telemetry studies of a suite of pinnipeds, cetaceans, and 
polar bears are needed to understand spatial distribution, sea-ice relationships, 
migration strategies, and migration corridors and can be used to evaluate site-
specific impacts of development activities.

Local residents are often the first to notice changes in fish and wildlife 
populations. Mechanisms should be developed to better solicit and integrate their 
local traditional knowledge (LTK) as a basic source of information. 

Marine and Coastal Birds
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Figure 3–13. Important Bird Areas (IBAs) of the Beaufort and Chukchi Seas. Green dots = IBAs of State significance; Blue dots 
= IBAs of North American significance; Red dots = IBAs of global significance. Numbers are found in table 3–2. Source: Audubon 
Alaska (2011), accessed April 18, 2011, at http://ak.audubon.org/birds-science-education/important-bird-areas-0. 

Table 3–2. National Audubon Society Important Bird Areas (IBAs) of the Beaufort and Chukchi Seas from the Point Hope area north and 
east to the United States-Canada border.
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Figure 3–14.  Locations of red-throated (red squares) and yellow-billed (yellow circles) loons based on satellite 
transmitters in 2010. Sites of original marking are indicated by stars (U.S. Geological Survey, unpub. data, 2010). 
(NPR-A, National Petroleum Reserve Alaska.)
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Figure 3–15. Locations (yellow dots) of spectacled eiders instrumented with satellite transmitters. Black stars are sites of original 
capture. Note use of the Beaufort Sea and Chukchi Sea coasts and extensive mixing of birds in United States and Russian waters 
(U.S. Geological Survey, unpub. data, 2010).
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Marine and Diadromous Fish
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3.06. Findings and Recommendations:  Recent at-sea information on marine birds for most of the study area is lacking or unpublished. 
Similarly, with the exception of information from Cooper Island and Cape Lisburne, much of the seabird colony information is out-of-date. Filling 
these data gaps would enhance our ability to measure the effects of climate change and assess the impacts of development and transportation. 

The Chukchi Sea is a dynamic area for marine birds during the summer. Studies to examine seasonal dynamics of seabirds in the Chukchi Sea 
related to oceanography, climate, sea-ice dynamics, primary and secondary productivity and movements of birds from breeding colonies (for 
example, Cape Lisburne) are necessary. Studies in the Chukchi Sea Lease Sale Area have been underway by Shell to address this but are not yet 
published. Similar studies, but focused on sea ducks and their benthic habitats, also would be helpful to evaluate climate impacts and to assess 
impacts of oil and gas development. 

Data from studies of birds at colonies, for example at Cooper Island and Cape Lisburne, need to be published and continued. Onshore studies of 
seabirds to measure abundance, productivity, and food habitats provide a unique window and understanding into offshore marine processes. 

Modeling the impact of oil pollution on birds using oil-spill trajectory models, population models, satellite telemetry data, and new information 
on seabird distribution and abundance would be informative for some species.

A better understanding of the timing of migration and habitat use of at-risk species of waterbirds in the Chukchi and Beaufort Seas. New 
information based on satellite telemetry is available for common, king, and spectacled eiders, and red-throated and yellow-billed loons. Existing 
data need to be analyzed and published, and additional telemetry studies are necessary to assess timing and pathways of migration and use of 
coastal areas for foraging and molting for other species including Pacific brant, long-tailed ducks, and Pacific and Arctic (G. arctica) loons.

Coastal lagoons of the Chukchi and Beaufort Seas are important stopovers for migrating birds, particularly Pacific brant. Data on distribution, 
numbers, and periods when birds occur in coastal lagoons are needed to identify sensitive areas and times when disturbance should be 
minimized. 

Further analyses and studies are needed to increase the understanding of seasonal and inter-annual variation in shorebird use (numbers of 
birds, timing of their use, change in site quality) of key post-breeding areas, especially coastal areas where oil development is likely to occur (for 
example, the deltas of the Meade, Ikpikpuk, Colville, Sagavanirktok, and Canning Rivers, and coastal sites on NPR–A). 

Sea-level rise, increased frequency and severity of storms, and more frequent and severe episodes of coastal erosion and flooding are occurring 
or are predicted to occur in the study area and could have large impacts on migratory birds. Many northern shorebird and waterfowl species 
are dependent on these littoral habitats during some phase of their annual cycle. Understanding change in coastal geomorphology—from both 
physical and trophic standpoints and whether driven by climate change or other factors—is an important data gap.

If an oil spill were to occur in broken sea-ice habitats, or if lead systems were to become contaminated with oil, understanding and being 
able to predict what wildlife would be affected in these ice habitats and the effectiveness or consequences of hazing Arctic marine animals, 
including birds, will be important.

Local residents are often the first to notice changes in fish and wildlife populations. Mechanisms should be developed to better solicit and 
integrate local traditional knowledge as a basic source of information. 
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Ecological and Subsistence Context  69

Human Settlements, Demographics, and 
Political Organization 
(from Minerals Management Service, 2008, and  
North Slope Borough, 2011)
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3.07. Findings and Recommendations:  Information about status and trends, habitat requirements, relative distribution and abundance, 
and knowledge of life history stages of marine fish is incomplete and unavailable for large expanses of Arctic nearshore and shelf waters 
and should be developed for indicator species (that is, species that are broadly distributed, of subsistence or ecological significance, readily 
available for vulnerability assessments, and deemed sensitive to offshore oil and gas development). Onshore-offshore linkages associated with 
life history requirements have not been described. 

Logistical, technological, and cost considerations have limited the practicality of winter surveys and under ice resource information is limited 
and inadequate for evaluation of impacts.

Greater reliance on modern scientific technologies and their applications, such as remote sensing, telemetry, genetics and molecular biology, 
and quantitative ecology (for example, predictive models) is needed to establish species environmental relationships, address existing gaps 
about relative importance of habitats, understand natural variation in fluctuating stocks, and to more accurately assess effects of proposed 
offshore oil and gas activities.

Effects of ocean variability on production cycles and the distributional behavior, movement, and abundance of marine and anadromous fishes 
should be emphasized in future research and monitoring on select resources in strategic locations and undertaken to understand natural 
trajectories of change and effects of human interactions. 

Effects of environmental parameters on physiological processes [feeding, digestion, assimilation, growth, responses to stimuli (that is, 
orientation and swimming speed), and reproduction] are poorly known for most Arctic fish species. These processes are dependent on key water 
properties, including temperature, salinity, light penetration, and oxygen concentration. Animal health also is affected by the presence of toxic 
substances, infectious pathogens, and parasites. 

Seismic and noise effects on fishery resources have not been studied and is a research need. Much information could be borrowed from marine 
mammal research in Alaska and elsewhere regarding natural ambient sound and anthropogenic sound levels to guide experimentation.

Effects of invasive species associated with increased tankering, vessel support, and offshore construction activities on important biological 
habitats and ecosystems are unknown.

Biological hotspots for long-term research and monitoring of coastal, marine, and human impacts need to be identified. Potential sites include: 
Bering Strait (marine ecosystem processes); Kasegaluk, Simpson, and Beaufort lagoons (nearshore fish assemblages); Barrow Canyon/Hannah 
Shoal (benthic productivity); Capes Lisburne and Thompson (seabird colony and fishery oceanography dynamics); Point Barrow (transitional 
biogeographic zone); Boulder Patch (kelp bottom ecosystem); Stefansson Sound/Camden Bay (Arctic cod ecology); Mackenzie, Colville, and 
Canning River Deltas (physical and biological onshore-offshore linkages); ice edge and polynyas (biological significance to fish, birds, and marine 
mammals).

Local residents are often the first to notice changes in fish and wildlife populations. Mechanisms should be developed to better solicit and 
integrate local traditional knowledge as a basic source of information.
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Figure 3–17. Estimated annual harvest of various subsistence resources (pounds) (data that make up these pie 
charts are relatively old, but still provide a relative sense of the importance of various resources in the subsistence 
economies of North Slope villages). Adapted from the Alaska Department of Fish and Game (2011), accessed April 18, 
2011, at http://www.subsistence.adfg.state.ak.us/CSIS/. 

Table 3–3. Species and numbers harvested by Barrow residents, 1987–90.
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Figure 3–18. Overlapping subsistence use areas for Barrow, Kaktovik, and Nuiqsut. From S.R. Braund and Associates 
(2010a).
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Figure 3–19. Subsistence use areas for ringed seals for the Barrow area. From S.R. Braund and Associates (2010a).
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Figure 3–20. Fish as a percentage of total overall subsistence harvest by community, 
West to East. Based on harvest records of the Alaska Department of Fish and Game (2011), 
accessed April 18, 2011, at http://www.subsistence.adfg.state.ak.us/CSIS/. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Salmon

Dolly Varden

Arctic Char

Whitefish (other)

Broad Whitefish

Humpback Whitefish

Arctic and Least Cisco

Sheefish

Other Fish

EXPLANATION

Map No. Community Map No. Community

1 Wales 12 Atqasuk

2 Shishmaref 13 Barrow

3 Deering 14 Nuiqsut

4 Buckland 15 Kaktovik

5 Selawik 16 Aklavik

6 Kotzebue 17 Inuvik

7 Noatak 18 Tuktoyaktuk

8 Kivalina 19 Paulatuk

9 Point Hope 20 Holman

10 Point Lay 21 Sachs Harbour

11 Wainwright

Figure 3–21. Visualization of the major subsistence fish species for each numbered coastal community in the Beaufort and Chukchi 
Seas, including the Canadian Beaufort.
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3.08. Findings and Recommendations:  Subsistence harvests are seasonally and regionally variable. Although general usage patterns are 
known, village surveys have been conducted intermittently. In some cases, the data are old enough and may no longer be representative of actual 
harvests. 

Future work is needed to fully understand the environmental, ecological, and cultural context of Beaufort Sea and Chukchi Sea subsistence 
harvests. To predict or model with any degree of accuracy the future of Arctic subsistence, with or without the impact of hydrocarbon exploration 
and extraction, a greater understanding of the past and present will be necessary. 

Because local patterns of resource exploitation are closely tailored to local environments and ecologies, they are potentially vulnerable to the 
effects of climate change and oil and gas development. The impact of climate change need not necessarily be harmful to human subsistence. A 
growing body of anecdotal evidence suggests that previously rare salmon species are appearing with greater frequency on the North Slope. New 
runs and greater numbers of salmon in the future could well provide the basis of new subsistence traditions. However, the unpredictable effects of 
climatic instability on fish and wildlife populations are not likely to be a net benefit to Arctic subsistence users in the near future. 

Oil and gas exploration and development pose a potential hazard to native subsistence livelihoods. Anadromous fish, marine mammals, and marine 
birds are crucial to human subsistence across the study area and are potentially vulnerable to disturbance and (or) pollutants associated with 
exploration, drilling, and transportation. Many fish species (including those not directly sought after for human use) comprise a major portion of the 
diets of sea mammals and birds that in turn sustain human populations. 

Subsistence users may be among the first to notice changes in abundance and distribution of fish and wildlife species as it relates to climate 
change, development, and other stressors. Local traditional knowledge should be more formally incorporated and integrated into resource 
assessments. 
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Exhibit 4 
 

Anne E. Gore and Pamela A. Miller, Broken Promises: The Reality of 
Oil Development in America’s Arctic (Sept. 2009)  
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The primary source of greenhouse gas 
pollution is the burning of fossil fuels. 
Petroleum consumption alone accounted for 44% of 
U.S. CO2 emissions in 2006.3 Scientists believe that 
to avoid catastrophic changes affecting climate and 
ultimately life on Earth, we must reduce CO2 in the 
atmosphere to 350 ppm, down from current levels of 
380 ppm.4 Only by dramatically reducing the amount 
of fossil fuels we extract and burn for energy can we 
meet this goal. According to the Intergovernmental 
Panel on Climate Change this will require nations like 
the United States to reduce their carbon emissions 
by 20-35% below 1990 levels by 2020, and 80-95% 
below 1990 levels by 2050.5 

Alaska is one of the top greenhouse 
gas-emitting states in the nation.6 
Despite having one of the lowest populations, Alaska 
released in 2005 the equivalent of 79 tons of green-
house gases per resident, which is more than three 
times the national average,7 and fi fteen times more 
pollution than the average passenger vehicle emits in 
one year.8 More than half of Alaska’s industrial source 
greenhouse gas emissions are generated by British 
Petroleum (BP Exploration Alaska), which operates 
most of the Prudhoe Bay oil fi elds.9 

� Oil and gas development is a major 
source of greenhouse gases and a 
significant cause of climate change.

�  Climate change is already adversely 
impacting Arctic ecosystems and 
indigenous people in Alaska. 

�  Continuing to extract fossil fuels 
in the Arctic will only add stress to 
already vulnerable ecosystems and 
indigenous communities.

Climate change is already 
impacting Alaska. 
Arctic regions are warming at twice the rate of other 
places on Earth.10 Such dramatic increases in temper-
ature have resulted in profound and visible changes 
to Alaska’s land, water, wildlife, and people. 

Comparison satellite images of summer sea ice cover.  
Source: University of Illinois – The Cryoshpere Today, http://igloo.atmos.uiuc.edu/cgi-bin/test/print.sh.
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Among the more profound changes is the loss of sea 
ice, which is at the lowest levels in 800 years.11 As 
a result of receding and thinning sea ice scientists 
have observed polar bears drowning and going hun-
gry,12 walruses forced onto land,13 and sharp declines 
in numbers of ice-dependent sea birds.14 Subsistence 
hunters have had to travel farther across thinner 
ice, and sometimes open seas, to access animals.15 
The loss of ice, coupled with melting permafrost, is 
accelerating coastal erosion, forcing communities to 
relocate, and threatening habitat for waterfowl, and 
caribou,16 which are also important food sources for 

According to current scientifi c consensus, it is the burning of oil 
(and other fossil fuels) that has contributed signifi cantly to the 
Arctic’s warming trend.20

Arctic Alaska is already warming faster than other places in the world, and climate models predict 
temperatures will increase by as much as 6 degrees by 2040. 

indigenous people. Also due to coastal erosion, an 
emergency clean-up was required in 2007 to plug an 
old oil exploration well after more than 300 feet of 
shoreline was lost in a few months.17

As temperatures continue to rise and precipitation 
patterns change, scientists expect lakes and wetlands 
to dry, fi res to increase, and plant and animal distri-
butions to change.18 These anticipated changes have 
signifi cant health, social and economic implications for 
people living in the Arctic, and beyond.19 What is hap-
pening in the Arctic affects not just the wildlife and 
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people living there, but also has implications for global 
weather patterns and the survival of species that 
migrate to the Arctic from other parts of the world.21 

America’s Arctic contains important onshore and off-
shore feeding, denning, calving, nursery, nesting, 
staging, and molting habitats for hundreds of species 
and contains some of the world’s last wholly intact 
ecosystems. If we do not address climate change in 
the Arctic, and elsewhere, 30 percent of the world’s 
species and one-fi fth of the world’s ecosystems could 
be gone by 2050.22  The result of such losses could 
affect agriculture, medicines and building materials 
sourced from plants, jobs, and ways of life that we 
now take for granted.23 Even oil production on the 
North Slope could be impacted by warming temper-
atures, which have already reduced the number of 
days that ice roads can be used.24

Given what we know about the impacts of climate 
change to ecosystems, species, and cultures, it would 
be irresponsible to undertake new drilling activities 
that would accelerate such change and bring harm to 
wildlife and people.

1 http://www.shell.com. Online fact sheet. Our approach to climate change. Last 
visited May 22, 2009. 

2 Alaska Oil and Gas Association. (2009). OGA Straight Talk, Special Edition – Offshore 
Drilling. OCS Yes brochure. p. 2. www.aoga.org. 

3 Energy Information Administration. Greenhouse gases, climate change, and energy. 
Retrieved August 29, 2009 from: http://www.eia.doe.gov/bookshelf/brochures/green-
house/Chapter1.htm.

4 http://www.350.org/en/about/science 
5 Intergovernmental Panel on Climate Change (IPCC). (2007). Summary for policymakers.  
6 Alaska Department of Environmental Conservation. (2008). Alaska greenhouse gas 

emission inventory. http://www.climatechange.alaska.gov/docs/ghg_ei_rpt.pdf.
7 Kizzia, Tom. (2008, January 22). Alaska Alaska plays signifi cant role in world’s warm-

ing. Anchorage Daily News.
8 Driving one passenger vehicle 12,000 miles per year generates about 5.5 metric tons 

of carbon dioxide. Source: Environmental Protection Agency, Offi ce of Transportation and 
Air Quality. (February 2005). Emissions Facts: Greenhouse Gas Emissions from a Typical 
Passenger Vehicle. EPA420-F-05-004. (http://www.epa.gov/OMS/climate/420f05004.
htm). 

9 Kizzia, Tom. (2008, January 22). Alaska plays signifi cant role in world’s warming. 
Anchorage Daily News.

10 United States Global Change Research Program. Global climate change impacts in 
the United States. Alaska region fi ndings. http://www.globalchange.gov.

11 Science Daily. (2009, July 2). Sea ice at lowest level in 800 years near Greenland.  
Journal reference: Macias Fauria et al. Unprecedented low twentieth century winter sea 
ice extent in the Western Nordic Seas since A.D. 1200. Climate Dynamics, 2009. 

12 Carlton, Jim. (2005, December 14). Is global warming killing the polar bears? The 
Wall Street Journal. 

13 Joling, Dan.  (2007, October 6). Melting ice pack displaces Alaska walrus. Associ-
ated Press, USA Today.

14 The black guillemot colony on Cooper Island off the northern coast of Alaska has 
declined sharply apparently as a direct result of climate change. Source: Alaska Conser-
vation Foundation. Global Warming: Alaska on the Front Line. (March 2007). Brochure. 

15 In 2002, more than 100 stranded hunters from Shishmaref had to be rescued when 
the ice they were hunting on drifted too far from shore. DeMarban, Alex. (2009, August 
29). Webcam helps Barrow hunters fi nd whales. Juneau Empire. Published in Anchorage 
Daily News. 

16 Mars, J.C. and D.W. Houseknecht. Geology. July 2007. Quantitative remote sensing 
study indicates doubling of coastal erosion rate in past 50 yr along a segment of the 
Arctic coast of Alaska. 

17 Rosen, Yereth. (2007, July 25). Erosion may send Alaska oil wells into the ocean. 
Reuters.

18 United States Global Change Research Program. 
19 Because of their deep concern for climate changes they have already observed, 

some Alaska Natives have joined indigenous people worldwide in a call for a 
moratorium on new oil and gas drilling through a declaration written and agreed to by 
participants in the Indigenous Peoples’ Global Summit on Climate Change, April 2009, 
Anchorage, Alaska. http://www.indigenoussummit.com/servlet/content/home.html.

20 Glick, Daniel. (2005). Degrees of Change. Nature Conservancy magazine. p. 45. 
21 As goes the Arctic so goes the planet. Petition for rulemaking under the clean air act 

to regulate greenhouse gas emissions from mobile and stationary sources to protect the 
health and welfare of the Arctic and the world. (2008, November). pp. 12-17.  

22 Intergovernmental Panel on Climate Change. (2007). Summary for policymakers. In: 
Climate change 2007: impacts, adaptation, and vulnerability. Working group II contribu-
tion to the fourth assessment report of the Intergovernmental panel on climate change. 
P. 792. 

23 United States Global Change Research Program.  
24 National Research Council. (2003). Cumulative environmental impacts of oil and 

gas activities on Alaska’s North Slope. Washington, DC: National Academies Press. pp. 
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Exhibit 5 
 

U.S. Environmental Protection Agency Region 10, Technical Support 
Document, Review of Shell’s Supplemental Ambient Air Quality Impact 

Analysis for the Discoverer OCS Permit Applications in  
the Beaufort and Chukchi Seas (June 24, 2011)  
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Figure 1 – Layout of Exhaust Stacks and Structures on the Discoverer 

   
 
Region 10 reviewed Shell’s characterization of the exhaust stacks and structure locations/heights used in 
the modeling demonstration and determined they were representative of the equipment and as described 
in Shell’s permit application. 
 

D.4 Shell Operating Scenarios  New Permit Conditions and Equipment 
The impact evaluation in Shell’s March 18, 2011 Submittal (Shell Offshore Inc. 2011c) included new 
proposed permit conditions and equipment not included in the 2010 Permits.  The proposed changes 
include an emergency engine that was upgraded since issuance of the 2010 Permits, seldom used 
emergency equipment on the Discoverer drillship and Associated Fleet that was not identified in the 
applications for the 2010 Permits, a reduced restriction on the number of days the Discoverer can be an 
OCS source, new restrictions on the number of  hours the MLC and HPU equipment can be utilized,  
installation of post combustion controls for particulate matter (PM) and NOx on Ice Management Vessel 
#1, and a new operating mode for the Supply Ship. 
 
One important difference in this latest application is the new operating mode of the Supply Ship.  Shell is 
proposing that up to 8 resupply trips be made during the drilling season when the Discoverer is an OCS 
source.  During the periods of resupply, the resupply ship will operate in dynamic positioning (DP) mode.  
Duration of DP mode operations can be up to 24 hours per resupply trip.  Shell has modeled these 
emissions associated with resupply using the highest emitting candidate resupply ship with a fixed 
emission point near one of the Discoverer’s two cranes.  Shell has also modeled the transit emissions 
within 2km of the ship occurring the hour before and after DP mode operations.  This new resupply 
scenario represents an increase in emissions from the 2010 Permits. 
 
One of the ice management vessels will also be used as an anchor handler and for crew transport to and 
from the Discoverer.  Anchor handling and crew transport will occur during open water conditions.  In the 
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March 18, 2011 submittal (Shell Offshore Inc. 2011c) the ice management vessel use was only modeled 
during ice conditions.  Shell has provided an additional modeling analysis (Shell Offshore Inc. 2011f) for 
anchor handler use in open water conditions.  Again, this a change from the operating scenario described 
in the March 18 submittal. 
 
Overall, these changes in permit restrictions have substantially decreased the overall emissions for all 
criteria pollutants both on an annual basis and hourly basis under 2011 Revised Draft Permits when 
compared to the 2010 Permits.  A summary of the annual emissions changes resulting from the new 
operating restrictions and other operational changes, on an annual basis for the Beaufort and Chukchi, are 
summarized in Tables 2 and 3 below. 
 
Table 2.  Annual Comparison of Criteria Pollutants and Ammonia from the 2010 permit to the current 
submittal for the Beaufort1 

  NOx PM2.5 PM10 CO VOC SO2 NH3 
Application (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) 

Original 1,371 57 65 464 96 2 0.34 
Updated3 336 21 22 154 43 1.3 0.52 
Percent 
Change -75% -63% -66% -67% -55% -35% 53% 

  
 
Table 3.  Annual Comparison of Criteria Pollutants and Ammonia from the 2010 permit to the current 
submittal for the Chukchi2 

  NOx PM2.5 PM10 CO VOC SO2 NH3 
Application (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) 

Original 1,188 52 58 449 87 2 0.34 
Updated3 336 21 22 154 43 1.3 0.52 
Percent 
Change -72% -60% -62% -66% -51% -35% 53% 

 
 
Note that there will be a slight increase (0.18 tons/year) in NH3 emissions associated with the installation 
of SCR control equipment on Icebreaker #1.  This does not change the prior analysis supporting the 
Beaufort 2010 Permit for the Alaska State Ambient Air Quality Standard for NH3 that applies under the 
COA regulations when the source is operating in the OCS because the increase in emissions is so small.  
There will also be a slight increase in H2SO4 from Icebreaker #1, but the requirement to use only ULSD 
fuel in both the Discoverer and Associated Fleet still ensures that the PTE for H2SO4 will remain well 
below the Significant Emission Rate or SER. 

 
In the Statement of Basis for the 2010 Permits, an impact analysis was performed for all criteria pollutants 
and averaging times in effect at the time the 2010 Permits were issued.  This analysis was based on a 
SCREEN3 modeling effort, which is a screening model and not a refined model.  In addition, the impact 
analysis performed to support the 2010 Permits assumed an ambient air boundary at the hull of the 
                                                            
1 Original permit levels from the 2010 statement of basis (USEPA Region 10.  2010d) 
2 Original permit levels from the 2010 statement of basis (USEPA Region 10.  2010e) 
3 Updated values from Shell’s May 19th Submittal (Shell Offshore Inc., 2011e) 
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Discoverer and the Associated Fleet. In the modeling submitted by Shell to support the 2011 Revised 
Draft Permits, Shell has assumed an ambient air boundary of 500 meters from the center of the 
Discoverer.  Because Shell has identified additional equipment not included in the original permits 
(mainly the Supply Ship operating in dynamic positioning mode), Shell submitted an additional 
demonstration on May 19th, 2011 that included all other averaging times and pollutants (Shell Offshore 
Inc., 2011e).   

This refined analysis also included updated background monitoring data for some pollutants because 
additional data was available and the latest guidance issued by EPA on how to use background data in an 
air impact analysis for the PM2.5 standard (USEPA. 2010b) was also used. 

D.4.1 Scenario Management 
Because Shell is reducing the number of days the Discoverer can be an OCS source from the 2010 
Permits, they incorporated the 120-day OCS limit in their modeling of NO2, SO2, PM10 and PM2.5 
impacts.  To ensure the modeled results were not underestimated by their selection of when the 120-day 
period would occur, Shell modeled two 120-day periods during the drilling season: an “early season” 
period (July 1 through October 28th); and a “late-season” (August 3rd through November 30th).  Shell 
then took the higher of the two impacts for comparison to the air quality standards.   
 
Shell also incorporated the various levels of operation during a 30-day drilling sequence in their NO2, 
SO2, PM10 and PM2.5 analysis.  They did this by creating an AERMOD input file for each day and hour of 
the 120-day period (2,880 files) for each pollutant.  They then ran AERMOD for each file and post-
processed the results.    
 
Shell used the full five month (153-day) meteorological period when modeling their CO and NH3 
impacts.  They also used the worst-case emissions for each unit and assumed all units are operating 
concurrently.  This is a conservative and therefore, acceptable, approach.   
 
Shell prorated the period averages in order to estimate the annual average impacts.  For example, to 
estimate the annual average NO2, PM2.5 or SO2 impacts, Shell multiplied the 120-day average impact by 
0.329 (120 drilling days out of 365 days in a year).  Shell’s approach for estimating the annual average 
impact is reasonable since there are no impacts during non-drilling periods. 

D.5 Receptor Grid 
A local Cartesian coordinate system was used by Shell to define its primary modeling domain and cover 
all its overwater drilling and support operations.   Shell has used an ambient air boundary of 500 meters 
from the center point of the Discoverer.  Surface elevations were set to 0.0 meters reflecting the lack of 
terrain in an overwater setting.  The grid does not have a defined origin because drilling will occur in 
multiple locations within the specified permitted lease blocks.  Having a local coordinate system allows 
emissions impacts to be placed at various lease block locations to analyze modeled impacts without 
having to redo modeling runs for each potential location.  As discussed above, the prior screening 
modeling analysis assumed the ambient air boundary was at the hull of the Discoverer, while the refined 
analysis assumes a 500 meter boundary. 
 
Figure 2 shows the receptor layout used in the modeling.  The receptor grid extends out to 5 km, to 
characterize the pattern and location of maximum hourly impacts from the Discoverer and Associated 
Fleet.   Shell used a 25 meter (m) spacing at the ambient air boundary.  Shell constructed the rest of the 
grid as follows: 
• 100-m spacing out to 1 km from the center of the Discoverer; 
• 250-m spacing from 1 km to 5 km from the center of the Discoverer. 
  


