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PREFACE

This Environmental Impact Analysis (EIA) accompanies Shell Gulf of Mexico Inc.'s (Shell’s) Revised
Outer Continental Shelf Lease Exploration Plan, Chukchi Sea, Alaska, Burger Prospect, Posey Area
Blocks 6714, 6762, 6764, 6812, and 6915 (Shell 2014a), referred to as EP Revision 2. This EIA is
prepared pursuant to the requirements of the Outer Continental Shelf Lands Act (OCSLA), 43 USC 8§
1331-1356, and the regulations of the Bureau of Ocean Energy Management (BOEM), including 30 CFR
550.212(0) and 550.227. Per regulations at 30 CFR 550.285, a revised EP, including the EIA, need only
include information related to, or affected by, the proposed changes in the exploration drilling program.
However, for clarity and improved understanding, Shell is submitting a ¢ te EIA that provides an
entire description and analysis of the proposed exploration drilling progr

This EIA is a project- and site-specific analysis of Shell’s planne ies under EP Revision 2. It

provides a complete description of all of the activities that S rform. It identifies and
describes the resources and conditions of the project area tential environmental
impacts on those resources and conditions of the planned a ies and describes the
mitigation measures Shell will implement in connectio e EIA presents

data, analysis, and conclusions to assist BOEM in co
(NEPA), and other relevant federal laws includin
Mammal Protection Act (MMPA), as the agency considers

Shell's plan, as detailed in its EP Revision its, the Motor Vessel (M/V) Noble
Discoverer (Discoverer) and the semi-sub i illing Unit (MODU) Transocean
Polar Pioneer (Polar Pioneer), to conduct exple i ixpwell locations on six leases

) inni e next exploration drilling

Policy Act
and Marine

activities will take place o leases in the Chukchi Sea, an area of
approximately 230,000 D0 km?). The drill sites are remote from any
infrastructure. Shell ing_ activities during the open water season in

summer and early fall, b€
subsequent drilling seasons.

ons, has substantial experience exploring for oil and gas in
t and Chukchi Seas. Beginning almost 50 years ago, various

the frontier offshore basins of Alaska, as well as being an operator and
major producer i ing the 1980s, Shell either operated or was a partner in nine exploration

drilled four exploratio in the Chukchi Sea and participated in a fifth exploration well.

1 Shell’s initial Chukchi Sea Exploration Plan was submitted in 2009 and approved by the Minnerals Management Service
(MMS) in 2009 (“Initial Chukchi Sea EP”). In May 2011, Shell submitted a revised Chukchi Sea Exploration Plan, which was
approved by the Bureau of Ocean Energy Management (BOEM) in December 2011. For purposes of this submittal, Shell refers
to the 2011 approved EP as “EP Revision 1.” In its August 2014 Revised Chukchi Sea Exploration Plan (“EP Revision 2”), Shell
proposes limited changes to EP Revision 1. Those changes are discussed here and analyzed throughout this revised EIA.
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In 2012, under Shell’s approved EPs in the Beaufort and Chukchi Seas, Shell drilled a top hole with the
Discoverer at the Burger A drill site in the Chukchi Sea and another top hole with the Kulluk at the
Sivullig Prospect in the Beaufort Sea. Shell’s Burger A well was drilled to a measured depth of 1,505 feet
(ft) rotary kelly bushing (RKB) and was temporarily abandoned according to the Bureau of Safety and
Environmental Enforcement (BSEE) regulations at 30 CFR 250.1721-.1723. In support of its 2012
exploration drilling, Shell deployed numerous assets, rotated thousands of employees to the Arctic, and
demonstrated its ability to respond quickly and effectively to changing ice conditions in the Arctic. This
activity marked industry’s return to offshore drilling in the Alaskan Arctic after more than a decade.
Shell’s 2012 exploration drilling operations in the Arctic were conducted safely, and with no serious
injuries or environmental impact(s).

Project Description and Changes from Approved EP Revision 1

Shell’s EP Revision 2 proposes exploration drilling activities over ons, on the same six lease
blocks and same locations within the Burger Prospect (i.e., Bur S, and V) included in
Shell’s EP Revision 1. There is a long history of safe and envi exploration drilling
activity in the Chukchi Sea. Five wells were drilled in i 9 and 1991, and

Shell safely drilled a top hole at the Burger A drill si historic wells
include the Burger OCS-Y-1413 #1 well drilled withi

Changes to Drilling Units

the Discoverer and/or the Polar
iscoverer is ice-strengthened for
operating in Arctic OCS waters. The Disc@ LU drilling and well control
. Under EP Revision 2, Shell

Under EP Revision 2, Shell plans to drill a

well as acCommodations for a crew of up to 114
ary relief well drilling unit and as the secondary

possibly bg pactinggactivities were conducted simultaneously or in such proximity
that their effe
air emissions, vessel traffic, sound generation by drilling activities,
drilling waste dis sél' discharges, and aircraft traffic. The potential impacts associated with

Changes to Vessels andfTravel Routes

The drilling units will be supported by additional vessels for ice management, anchor handling, resupply,
and crew transport, as well as oil spill response (OSR) support vessels and barges staged near the drilling
unit, with a full complement of crew and OSR equipment. Additional vessels will implement Shell’s
Marine Mammal Monitoring and Mitigation Plan (4MP) and support scientific research efforts. All
support vessels will be equipped for operating in Arctic waters.

One change between the approved EP Revision 1 and EP Revision 2 is the use of additional support
vessels and OSR equipment for Shell’s exploration drilling program in the Chukchi Sea. Table P-1
provides a comparison of the changes from EP Revision 1 to EP Revision 2. These adjustments have
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been made in direct response to Shell’s experiences during the 2012 season, the planned use of a second
drilling unit, and discharge monitoring requirements under the new National Pollutant Discharge Elimination
System (NPDES) exploration facilities General Permit (GP). Additional vessels will be used occasionally
to support exploration drilling activities in the Chukchi Sea (e.g., ice management, anchor handling,
offshore supply, alternate Mudline Cellar (MLC) Remotely Operated Vehicle (ROV) System vessel and
OSR augmentation) and are therefore included in EP Revision 2 and analyzed in this EIA. The expected
frequency of offshore supply vessels (OSVS) to the drilling units has been increased from 17 round trips /
season to 30 round trips/season.

There have also been changes in the designated locations of the some of the vessels and the frequency of
their use. Further information regarding the location and specifications g vessels and aircraft is
provided in Sections 2.1 and 2.2 of this EIA.

Changes to Aircraft and Flights

Under EP Revision 2 Shell plans to utilize an additional heli ges, and increase the
frequency of crew change flights from 12 round trips / wee n additional fixed
wing aircraft is provided for in EP Revision 2 as the platfg issance flights.

Table P-1 Comparison of the Exploration Drilling Prog el’'S evision 1 and
EP Revision 2

Parameter Approved EP Revision 1 EP Revision 2
Drilling Units | Discoverer erand Polar Pioneer
MLC Discoverer Rioneer, MLC ROV system
Construction

ort Vessels:

anagement Vessels (x2)
Xnchor Handlers (x3)

Supply Tug and barges (x2)
OSVs (x3)

Support Tugs (x2)

Science vessels (x2)

Shallow water vessels (x2)
MLC ROV system vessel (x1)

Oil Spill Response Support Vessels:

Support Drilling Support Vessels:
Vessels Ice Management vessel (x1)

e OSRV (x1)
e OSR tug and barge (x1)
e OSTs (x2)
e Containment system tug and barge (x1)
e OSR tug and barge for nearshore response
(x1)
Aircraft e  S-92 Helicopters (or similar) for crew change
o 92 or EC225 for Search and (x3)
Rescue (SAR) e  S-92 Helicopter (or similar) for SAR
e Fixed wing aircraft for protected species | e  Fixed wing aircraft for PSO and ice
observer (PSO) flights monitoring flights (x2)
e Fixed-wing aircraft —crew change from | e Fixed-wing— crew change from Wainwright
Wainwright to regional jet service in to regional jet service in Barrow

Barrow
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Table P-1 Comparison of the Exploration Drilling Program Under Shell’s Approved EP Revision 1 and

EP Revision 2
Parameter Approved EP Revision 1 EP Revision 2
Aircraft e Helicopter Crew Change Flights- e Helicopter Crew Change Flights-
Flights Approximately 12 round trips/week for Approximately 40 round trips/week for crew
crew change/resupply changes/resupply
e Fixed wing aircraft for PSO e  Fixed wing aircraft for PSO and ice
e Fixed wing aircraft crew change between monitoring flights daily
Barrow & Wainwright up to 4 times per | o ft crew change between
week ight once every 3 weeks
Drilling Unit Discharges as listed in Section 6 of EP i i es volumes/rates in Section 6.0
Discharges Revision 1 of EP Revj
Drilling Unit Burger drill sites were authorized under to discharge certain
Authorizations | National Pollutant Discharge Elimination sites will be filed under
System (NPDES) exploration facilities facilities GP AKG-
General Permit (GP) AKG-28-0000

Drilling Fluid | List of approved components are in Table iti illi ve been added
Components 6.c-1 of EP Revision 1 i Revision 2

Shorebase Barrow — 75 person man camp

n unit’to the 75 person man camp; add
r space for an additional helicopter
ight — additional existing yard space
sed for response equipment

Secondary Kulluk | serve as secondary relief well
Relief Well iscoVerer, and Discoverer will serve as
Unit for the ne elief well unit for Polar Pioneer
Discoverer

Air Emissions i issins approve EPA under
Authorization i

Jurisdiction for regulating air emissions for
projects on the OCS in areas off the coast of the
orth Slope Borough (NSB) in Alaska was
changed from the U.S Environmental Protection
Agency (EPA) to BOEM (Consolidated
Appropriations Act)

Located in or near Goodhope Bay within
Kotzebue Sound

Requests ‘H,S Absent’ classification; HpS
Contingency Plan removed

Each drill site has beg@istirveyed by Shell and determined not to contain any shallow hazards or
archeological and histori€al resources that would be impacted by Shell’s proposed drilling activities. Shell
plans to pre-set anchors at one or more drill site(s) in advance of the drilling units arriving. Once a drilling
unit is mobilized to a drill site and securely anchored to the seafloor, exploration drilling operations will
commence.

Changes in EP Revision 2 include the option to utilize a MLC ROV system to construct the MLCs, in
addition to the current MLC construction technique using the MLC bit. This option would increase the
amount of time the drilling units are available for drilling the wells.

It is anticipated that the work included in EP Revision 2 will take place over multiple drilling seasons.
Depending on a variety of factors in a given drilling season, including ice, weather conditions, the length
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of the open water season, and operational conditions, Shell may drill an approved well to Total Depth
(TD) or limit operations on such well to constructing MLCs and/or upper hole segments (i.e., partial well
or top hole). Any well where drilling is suspended would be secured in compliance with BSEE
regulations and with the approval of the Regional Supervisor/Field Operations (RS/FO), whether
permanently abandoned (30 CFR 250.1710 - 1717) or temporarily abandoned (30 CFR 250.1721-1723).
All wells will be permanently plugged and abandoned in accordance with BSEE requirements upon lease
termination. No oil or gas will be produced from the exploration wells, and no pipelines or other
permanent facilities will be built.

EP Revision 2 also includes changes to drilling fluid components and blowout preventer BOP fluids, and
drilling waste and wastewater volume estimates. Specifically, Shell is addi umber of drilling fluid
components to the drilling fluids plan, increasing its estimates of drilli aste volumes, and modifying
the discharge method for drilling wastes from the MLC and upper we ions (top hole). These changes
are a direct result of lessons learned from Shell’s 2012 operatio to use only water-based
drilling fluids and all fluids will meet EPA criteria under the NPD acilities GP. Details on

Shell plans to expand its existing man-camp facilities I i i ng/recreation
unit (KDR), leasing a nearby construction camp with acc , expanding the
i ially booking blocks of hotel rooms.
Shell may also utilize a larger (up to 55-p ight through contractor Olgoonik,
and utilize additional storage yard at an re being implemented to
accommodate crews from the additional supp impact that crew-changes
might have in Barrow. Crew change personnel > 1ons when flights in and out of
Barrow are restricted by weather and flying col : d absinformation on the construction of
these facilities and their mai

man camp in
iRy pad. These

Permits and Authori

All operations will compl d local laws, regulations, and lease and permit
requirements. Shell WI|| hav 2iNe | and”monitoring programs in place to ensure such
compliance. gulatory agencies will maintain continuing oversight

of all of She i tivities, and BOEM and BSEE retain the specific authority to

to enSure safety, protect the environment, avoid interference with
5, and mitigate any potential adverse impacts. The current status of each

sites A, J, and Vfpeceived authorizations in 2012 to drill to the base of the 20-inch casing. APDs
for these prospéCts require revision following EP Revision 2 approval to allow for drilling to TD
and use of the Polar Pioneer; new APDs for Burger drill sites F, R and S will be submitted.

o NPDES exploration facilities GP under the Clean Water Act (CWA) from the EPA,
imposing strict limits on the permissible discharges to the Chukchi Sea. Shell will submit
Notices of Intent (NOIs) for a NPDES exploration facilities GP AKG-28-8100 to EPA for
discharge at Burger drill sites after EP Revision 2 is submitted; authorizations will be secured
prior to the start of exploration drilling. BOEM will be copied on these submittals.
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e Incidental Harassment Authorization (IHA) from the National Marine Fisheries Service
(NMFS), prohibiting the intentional taking of marine mammals (all species of whales and
seals) and regulating the incidental non-lethal harassment of protected species. These are
annual authorizations. Shell will request authorization after EP Revision 2 is submitted,
authorizations will be secured prior to the start of exploration drilling. BOEM will be copied on
these submittals.

e Letter of Authorization (LOA) from the U.S. Fish and Wildlife Service (USFWS),
prohibiting the intentional taking of marine mammals (polar bear and Pacific walrus) and
regulating the incidental non-lethal harassment of protected species. These are annual
authorizations. Shell will request authorization after EP Revisio bmitted; authorizations
will be secured prior to the start of exploration drilling. M will be copied on these

submittals.

o Nationwide Permit (NWP) No. 8 under the Rivers a t from the U.S. Army
Corps of Engineers (USACE), regulating the loca f the Discoverer and
the Polar Pioneer on the seafloor. Requests for F,J, R, S, and V
drill sites were submitted on December 13, 28, 2013. The
approvals are valid through January 28, 20 i izations to
include the use of the Polar Pioneer. Shell will s izati Revision 2 is

e Oil Spill Response Plan (OSRP) received for Shell’s Chukchi Sea
Regional OSRP on 17 February 2 i difications to that OSRP on 18
December 2013, and those change S C
request additional administrative cha ntly with the submittal of EP

sub5|stence resources, and Alaska Native subsistence activities.
012, season to protect this important resource, and therefore

mitigation measures as a result of new legal requirements.
gation measures for EP Revision 2 include:

Bird Strike Avoi@ yhting Plan: The process and procedures in this Plan were successfully
implemented during hi exploration drilling program in 2012 and will be continued for EP
Revision 2, with one change. Shell will not be able to continue with the use of the ClearSky
lighting technology as & mitigation measure. These lights are no longer commercially available. In
compliance with the Chukchi Sea 193 Lease Sale Stipulation No. 7, (EP Revision 2, Section 11) lighting
on the drilling units will be shaded to reduce the possibility of a bird collision. Due to this minor change,
a revised Bird Strike Avoidance and Lighting Plan is provided in Appendix E to EP Revision 2.
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Polar Bear and Pacific Walrus Authorizations for Incidental and Intentional Harassment

Shell will apply for LOAs for incidental and intentional harassment of polar bears and Pacific walrus.
Those LOA applications will detail mitigation measures required for avoidance of impacts to species or
subsistence activities. Shell will incorporate mitigation measures from prior LOAs plus the renewed
Chukchi Sea incidental take regulations (ITRs — 2013-2018), into its mitigation plan for exploration
drilling (EP Revision 2, Section 12):

e Vessels will not operate within 0.5 mi (0.8 km) of walruses or polar bears when observed on ice

or water.

e Vessels will not operate within 1.0 mi (1.6 km) of walruses or 0.8 km) of polar bears
when observed on land.

o Helicopters will not operate at an altitude lower than 3,000 14 meters [m]) within 1 mi
(1.6 km) of walrus groups observed on land, and fixed- il not operate lower than
1,500 ft. (457 m) within 1 mi (1.6 km) of walrus grou

e If aircraft must be operated below 1,500 ft. (457 erator will avoid
flying within 0.5 mi (805 m) of known walru and will

avoid walrus groups by 1 mi (1.6 km) on lan

Shell’s EP Revision 1 also adopted a number of such as a
Communications Plan to coordinate activities with subsisten rs, employment of local Subsistence
Advisors (SAs), and voluntary limitationsNeg, ai tes and travel. Shell plans minor
changes to the voluntary mitigation measu i open water season. The few
proposed changes are the result of lessons learfie on. These planned changes

are indicated below:

tug and barge, OSR tug and barge, and two supply barges and
near Goodhope Bay, Kotzebue Sound. Positioning the containment
or near Goodhope Bay, Kotzebue Sound yields a response time to a well
2 Burger Prospect that is consistent with the time for the previously stated
ainment system tug and barge in EP Revision 1.

control |nC|de
location for the G

e Certain engines on the Discoverer will be Tier-rated. This improvement will reduce (CO),
(VOCs), and hazardous air pollutants (HAPS).

e Shell has developed an Adaptive Approach to Ice Management in Areas Occupied by
Pacific Walruses, which details a process and procedures for engagement with USFWS
biologists during ice management where the potential exists for the presence of Pacific
walruses. The process and procedures were implemented during Shell’s Chukchi exploration
drilling in 2012 and will be adopted for EP Revision 2 (Appendix J). This document was
submitted to the USFWS following promulgation of the current Chukchi Sea ITRs for polar bears
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and Pacific walrus. This adaptive approach will further mitigate the effects of ice management on
Pacific walrus through well-defined ice management procedures when in the presence of Pacific
walrus in conjunction with regular contact with USFWS personnel.

Science in the Chukchi Sea

BOEM and its predecessor agency MMS, have also conducted or funded numerous baseline studies of
the Arctic OCS, and BOEM is planning more. Among recent publications, these baseline studies include:

e Dunton, K.H., J. Grebmeier, L. Cooper, J. Trefry. 2012. The COMIDA-CAB project: an
overview of the biological and chemical characteristics of the northem, Chukchi Sea benthos. Pp
6-19 in K.H. Dunton (editor). Chukchi Sea Offshore Monitorin ing Area (COMIDA):
Chemical and Benthos (CAB). Final Report. OCS Study B 2012-012 USDOI Bureau of
Ocean Energy Management, Anchorage, AK.

e Quakenbush, L.T., RJ. Small, and J.J. Citta. 2013, S i of bowhead whales:
movements and analysis from 2006 to 2012. U.S. D i au of Ocean Energy
Management, Alaska Outer Continental Shelf Regi dy BOEM 2013-

e Givens, G.H., S. L. Edmondson, J. C. Georg ahaman, D.
Hawthorne, B. Tudor, R.A. DeLong, and C.W. Clar Estithate of 2011 Abundance of the
Bering-Chukchi-Beaufort Seas bowhead whale po ion. SC/65a/BRGO01 International
Whaling Commission.

¢ MAR, Inc., SL Ross Environmental
Weathering Properties of Qil in Ice and
of the Interior Minerals Management Se

ates Ltd. 2008. Empirical
U.S. Department

e Bercha Group. 2008 mators and Their Variability for the
Alaskan OCS- Fg f GOM OCS Statistics to 2006. OCS Study MMS
2008-025. Minerals Management Service, Alaska Outer
Continental O8.

Shell successfully conducted 3 3 illi ason in the Chukchi Sea in 2012 during which an

preparation for this project, including coastal environmental sensitivity surveys, water and sediment
quality surveys, acousti€al monitoring and air quality monitoring.

A multi-faceted baseline study within four large study areas in the northeastern Chukchi Sea, including a
30 nmi x 30 nautical miles (n mi) Burger Study Area encompassing all the blocks in Shell’s Burger
Prospect, has been conducted each year in 2008-2013 and the resulting reports were utilized in the
preparation of this EIA. Those reports are listed below:

o Aerts, L.A.M.,W. Hetrick, S. Sitkiewicz, C.S. Schudel, D. Snyder, and R. Gumtow. 2013. Marine
mammal distribution and abundance in the northeastern Chukchi Sea during summer and early
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fall 2008-2012. Prepared by Lama Ecological for ConocoPhillips Company, Shell Exploration
and Production Company, and Statoil USA E&P, Inc., Anchorage, AK. 69 pp.

o Aerts, L.AM., A. Kirk, C. Schudel, B. Watts, P. Sesier, A. McFarland, and K. Lomac-Macnair.
2012. Marine mammal distribution and abundance in the northeast Chukchi Sea, July-October
2008-2011. Draft Report. Prepared for ConocoPhillips Company, Shell Exploration and
Production Company, and Statoil USA E&P, Inc. by Lama Ecological, OASIS-ERM, ABR Inc,
and Fairweather Science. 69 pp.

e Aerts, L.AM., A. Kirk,, C. Schudel, K. Lomac-Macnair, A. McFarland, B. Sesier, and C. Watts.
2011. Marine mammal distribution and abundance in the northeas ukchi Sea, July-October
2008-2010. Final Report. prepared for ConocoPhillips Co ell Exploration and
Production Company, and Statoil USA E&P, Inc. by Lama OASIS Environmental
Inc. and Fairweather Science, Anchorage, AK.

e Blanchard, A.L., H. Nichols, and C. Parris. 2010a. BenthiGecolog e Burger and Klondike
survey areas: 2008 environmental studies program i rtheastern i Sea. Prepared for

Y,
gical,

e Blanchard, A.L., C. Parris, and A.LSK . ) ology of the Northeastern
' gli 2008-2010.  Prepared for

abundance of seabirds in the northeastern Chukchi
ConocoPhillips Company, Shell Exploration &

. Distribution and abundance of seabirds in the northeastern Chukchi
Sea, 200 . dared for ConocoPhillips Company, Shell Exploration & Production
A E&P, Inc., Anchorage AK by ABR, Inc. Environmental Services,

e Gall A. and B. Day. 2010. Distribution and abundance of seabirds in the northeastern Chukchi
Sea, 2008 and 2009. Prepared for ConocoPhillips Company, Shell Exploration & Production
Company, and Statoil USA E&P, Inc., Anchorage AK by ABR, Inc. Environmental Services,
Fairbanks, AK. 68 pp.

o Gall, A. and B. Day. 2009. Distribution and abundance of seabirds in the northeastern Chukchi
Sea, 2008. Prepared for ConocoPhillips Company, Shell Exploration & Production Company, and
Statoil USA E&P, Inc., Anchorage AK by ABR, Inc. Environmental Services, Fairbanks, AK. 55

Pp.
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e Hopcroft, R. P. Hariharan, J. Questel, J. Lamb, E. Lessard, M. Foy, C. Clarke-Hopcroft. 2013.
Oceanographic assessment of the planktonic communities in the northeastern Chukchi Sea: report
for survey year 2012. Prepared for ConocoPhillips Alaska, Inc., Shell Exploration & Production
Company, and Statoil E&P USA, Anchorage, AK by the Institute of Marine Science, University
of Alaska, Fairbanks and School of Oceanography, University of Washington, Seattle.

e Hopcroft, R., J. Questel, P. Hariharan, C. Stark, and C. Clarke-Hopcroft. 2012. Oceanographic
assessment of the planktonic communities in northeastern Chukchi Sea: report for survey year
2011. Prepared for ConocoPhillips Alaska, Inc., Shell Exploration & Production Company, and
Statoil E&P USA, Anchorage, AK by the Institute of Marine Science, University of Alaska,
Fairbanks.

e Hopcroft, R., J. Questel, and C. Clarke-Hopcroft. 2011.
planktonic communities in the northeastern Chukchi Sea:
for ConocoPhillips Alaska, Inc., Shell Exploration &

ographic assessment of the
urvey year 2010. Prepared
any, and Statoil E&P
a, Fairbanks.

e Hopcroft, R., J. Questel, and C. Clarke-Hopcr sessment of the
planktonic communities in the Klondike and report for
survey year 2009.

Oceanographic assessment of the
reas of the Chukchi Sea: report for

demersal flshes |n ern ChukchiffSea in A synthesis of diversity, distribution,
abundancesa | Lease Sale 193 area of the northeastern Chukchi

and where not to lease ipulations and mitigation measures, operational requirements, and permit
restrictions. This compréfignsive body of work, which in part forms the basis for the evaluation presented
herein, will allow BOEM and other regulatory agencies to evaluate EP Revision 2 and ensure that all oil
and gas exploration activities are performed in an environmentally sound manner, with minimal impacts

to the environment.

Previous Environmental Analyses

BOEM and its predecessors, BOEMRE and MMS, have performed numerous environmental studies of
the Arctic OCS over the last 40 years. In recent years, these environmental studies have included the
following:
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o NOAA. 2013b. Effects of oil and gas activities in the Arctic Ocean: Supplemental Draft
Environmental Impact Statement. United States Department of Commerce, National Oceanic and
Atmospheric Administration, National Marine Fisheries Service, Office of Protected Resources.

e USFWS. 2013. Final Environmental Assessment: Final rule to authorize the incidental take of
small numbers of Pacific walruses (Odobenus rosmarus divergens) and polar bears (Ursus
maritimus) during oil and gas industry exploration activities in the Chukchi Sea. U.S. Fish and
Wildlife Service, Anchorage, AK. 182 p.

e BOEM 2013. Alaska Outer Continental Shelf Shell Gulf of Mexico, Inc. (Shell) 2013 Ancillary
Activities Survey; Chukchi Sea, Environmental Assessment. S/EA 2013-01161, U.S.
Department of Interior, Bureau of Ocean Energy Management, ska ‘®CS Region, Office of
Environment, Anchorage, AK

e BOEMRE. 201la. Chukchi Sea Planning Area: Statoil 2011 ancillary activities,
Chukchi Sea, Alaska: Environmental Assessment. OC E 2011-036. USDOI,

Anchorage, AK. 62 p. + app.
o BOEM. 2011b. Chukchi Sea Planning Area

Chukchi Lease Sale 193, Environmental Assessment: IS/EA BOEM 2011-061, Bureau of
Ocean Energy Management, Alask ion, AK. 153 p. + app.

e BOEMRE. 2011b. Chukchi Sea Pl o] e sale 193 in the Chukchi Sea.
Final Supplemental Environmental A BOEMRE 2011-041.
USDOI, Bureau of Ocean Energy Enforcement, Alaska OCS
Region, Anchorage, AK.

USDOI Minerals : i S Region, Anchorage, AK. December 2009.
113 pp. + app.

a era planning areas: oil and gas lease sales 209, 212,
ptal Impact Statement. OCS EIS/EA MMS 2008-0055, Alaska

anning area-oil and gas lease sale 193 and seismic surveying
bea. Final Environmental Impact Statement. Vol. I-I1l. OCS EIS/EA
inerals Management Service, Alaska OCS Region, Anchorage, AK.

-1743, 1805, 1807, 1808, 1809,1817, 1828, 1834, 1841, 1842, 1845, and
anagement Service, Alaska OCS Region, Anchorage, AK. 87 pp.

Beaufort Sea O
1849. Minerals |

e MMS. 2007c. Seismic surveys in the Beaufort and Chukchi Seas, Alaska. Draft Programmatic
Environmental Impact Statement. OCS EIS/EA MMS 2007-001. Minerals Management Service,
Alaska OCS Region, Anchorage, Alaska.

e MMS. 2006c. Environmental assessment: proposed lease sale 202 Beaufort Sea Planning Area.
OCS EIS/EA MMS 2006-001, USDOI Minerals Management Service Alaska OCS Region,
Anchorage.155 pp. + app.
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e MMS. 2004. Environmental assessment proposed oil and gas lease sale 195 Beaufort Sea
planning area. OCS EIS/EA MMS 2004-028, USDOI Minerals Management Service, Alaska
OCS Region, Anchorage, Alaska.

e MMS. 2003a. Beaufort Sea planning area, oil and gas lease sales 186,195, 202, Final
Environmental Impact Statement. OCS EIS/EA MMS 2003-001 UDOI Minerals Management
Service, Alaska OCS Region, Anchorage, AK.

e MMS. 1991. Alaska outer continental shelf Chukchi Sea oil & gas lease sale 126, Final
Environmental Impact Statement. US Department of the Interior, Minerals Management Service,
Alaska OCS Region, OCS EIS/EA MMS 90-0095.

e MMS. 1987a. Alaska outer continental shelf Chukchi Sea
Environmental Impact Statement (OCS EIS/EA MMS 87-0
Service, Alaska OCS Region, Anchorage, AK.

Many of the NEPA analyses at the lease sale stage have expkiCi i ture level of seismic,
exploration, and development activity that well exce EP Revision 2.
Specifically, the following prior NEPA analyses have ion scenario that
includes multiple rigs operating simultaneously in the

gas lease sale 109 — Final
DOl, Minerals Management

e NOAA. 2013b. Effects of oil and gas activitie lemental Draft
Environmental Impact Statement. United States Depa t of Commerce, National Oceanic and
Atmospheric Administration, Natiog ice, Office of Protected Resources
(Analyzing three levels of explorato xploratory drilling program per

sea per year (Level 1), (2) up to two e
(3) up to four exploratory drilling p

sea per year (Level 2), and
evel 3), all of which were

. OCS EIS/EA MMS 2008-0055, Alaska
e, Alaska OCS Region, Anchorage, Alaska.
(Analyzing two e
exploration drilling

2a planning area oil and gas lease sale 170 Final Environmental Impact
, MMS 98-0007. USDOI MMS Alaska OCS Region. Anchorage,

e MMS 1996. outer continental shelf Beaufort Sea Planning Area, oil and gas lease sale
144. Final Envigehmental Impact Statement. OCS EIS/EA MMS 96-0012. U.S. Department of
Interior, Minerals Management Service, Alaska OCS Region (Analyzing two exploration drilling
rigs operating simultaneously in the Beaufort Sea in the base case and four exploration drilling
rigs operating simultaneously in the “high” case).

MMS. 1991. Alaska outer continental shelf Chukchi Sea oil & gas lease sale 126, Final Environmental
Impact Statement. US Department of the Interior, Minerals Management Service, Alaska OCS Region,
OCS EIS/EA MMS 90-0095.. (Analyzing up to two exploration drilling rigs operating simultaneously in
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the “low” case, up to five exploration drilling rigs operating simultaneously in the “base” case, and up to
six exploration drilling rigs operating simultaneously in the “high” case).Among other important findings,
detailed studies by BOEM, and its predecessors BOEMRE and MMS, have repeatedly confirmed that
exploration drilling activities (such as those addressed in Shell’s approved EP Revision 1 and this EP
Revision 2):

e Have only negligible to minor and fleeting impacts on the environment, including wildlife;
e Do not threaten the continued existence of any endangered or threatened species;

e Do not cause significant or unreasonable interference with any subsjstence species, particularly
bowhead whales, or Alaska Native subsistence activities when a iate mitigation measures
are followed; and

e  Pose a statistically insignificant risk of a large, catastrophi

This EIA, which supports EP Revision 2, comes to the same f mely, the exploration
drilling activities proposed at the Burger Prospect in the Ch

e Have negligible to minor direct or indirect en do occur

are expected to be ameliorated soon after. d to be un-

measurable the following year;

e Have negligible or minor and short term effects on ical resources, as most effects on
marine mammals, marine birds, d to temporary disturbance or
displacement;

emes, new modeling was required to estimate impacts. In
, discharges, vessel traffic, sound generation...] have changed
from EP Revis anges to Shell’s modeling and assumptions, which in turn affected the
direct and indirec i impacts analysis on various biological, physical, and other resouces are

e  Air Emissions
e  Drilling Waste Di
e Sound Generation
e  Vessel Traffic

e Aircraft Traffic

e  Shorebases

This EIA, which supports EP Revision 2, comes to essentially the same findings as BOEM’s review of EP
Revision 1, namely, the exploration drilling activities proposed at the Burger Prospect in the Chukchi Sea:
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Cumulative Impacts from EP Revision 2 and Changes from Approved EP Revision 1

In this EIA, Shell also considers cumulative impacts from other reasonably foreseeable future activities
over the next three years. Section 5.0 discusses Shell’s determination, grounded in government guidance
and NEPA case law on the appropriate temporal time frame for the cumulative impacts analysis as to
which future activities are reasonably foreseeable and which are speculative and appropriately excluded
from the cumulative impacts analysis. Activities defined as reasonably foreseeable and considered for the
first time in this cumulative impacts analysis (not considered in the prior EIA) include: National Oceanic
and Atmospheric Administration’s (NOAA) anticipated hydrographic surveys in the Chukchi Sea in
2013-2018 (based on an IHA application) and potential shallow hazards, ice gouge and strudel scour
surveys, geotechnical surveys, and environmental surveys of various types i Chukchi Sea during the
open water season over the next three years. The EPA anticipates issu of an*Arctic NPDES GP for
geotechnical activities in the Beaufort and Chukchi Seas in late r 2015. This permit would
authorize discharges from geotechnical facilities operating durin

Alaska waters. Activities defined as speculative (therefore not reas le) and not considered
in the cumulative impacts analysis included: large scale thre o-dimensional (2D)
seismic surveys in the Chukchi Sea by Shell or others shallow hazards
surveys in the Chukchi Sea by other operators during ion,drilling by

other oil and gas leaseholders in the Chukchi Sea.
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1.0 INTRODUCTION

Shell received approval for its Initial Chukchi Sea EP, (Shell, 2009) from the MMS on 7 December 20009.
Shell was not able to drill in 2010 or 2011.

Shell then received approval from the BOEM for its EP Revision 1 (Shell 2011a) on 15 December 2011.
Per BOEM’s requirements at 30 CFR 550.212(o), Shell’s EP Revision 1 was accompanied by an EIA
(Shell 2011b). Shell conducted one season of exploration drilling under EP Revision 1 during the 2012
open water season during which a partial well was drilled at the Burger A drill site.

Shell is now preparing for continued operations, and proposes to modify its approved EP Revision 1 to
facilitate the efficient completion of the program. Shell is submitting ERP‘Revision 2 (Shell, 2014a) and
seeks approval to make these revisions, which would be implemented beginning in Shell’s next open
water season.

The following impact analysis addresses the potential environmentallimpacts assoeiated with EP Revision
2. Per regulations at 30 CFR 250.285, a revised EP, including the EIA, need onlyainclude information
related to, or affected by, the proposed changes in the exploration drilling program.“However, for clarity
and to facilitate review of this document. Shell is submitting a‘complete EIA to“provide an entire
description and analysis of the proposed exploration drilling,program.\Shell’s analysis indicates that, in
light of the proposed differences between EP Revisions 1 and 2jthere arefew differences in the potential
effects associated with the activities in the initial Chukchi Sea EP, EP Revision 1 and EP Revision 2.

This document is organized as follows:
e Section 2.0 summarizes EP Revision 2 including,the mitigation measures
e Section 3.0 summarizes important changes in environmental conditions and resources
e Section 4.0 provides an-analysis of the direct and indirect'environmental impacts
e Section 5.0 provides and analysis of the cumulative impacts
e Section 6.0 provides,an analysis of the probability and potential impacts of a very large oil spill
e Section 7.0 discusses Shell’s‘adhérence to lease/stipulations

o Sectiofi 8.0 summarizes Shell’s consultation efforts for the revisions to the exploration drilling
proégram

o Section 9.0 providesa list of references cited in the EIA
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Comparison of Shell’s Initial Approved Chukchi Sea EP, Shell’s Approved EP Revision 1, and EP
Revision 2

In the Initial Chukchi Sea EP, Shell identified seven blocks (Posey Area Blocks 6713, 6714, 6763, 6764,
6912 and Karo Area Blocks 6864 and 7007) of interest in three prospects (Burger, Southwest Shoebill,
and Crackerjack), that contained five potential drill sites (Burger C, F, J, Southwest Shoebill C, and
Crackerjack C). The Initial EP consisted of an exploration drilling program, which was to be conducted
during the 2010 exploration drilling season, and included plans to drill three of the above-referenced five
proposed drill sites using the Discoverer. The initial EP included an extensive EIA. BOEM subsequently
prepared an Environmental Assessment (EA) of the proposed exploration drilling program and distributed
the EA for public comment. After rigorous agency review, which included evaluation and verification of
information provided in the EIA, BOEM concluded the explorationddrilling program would have no
significant environmental impacts, and issued a Finding of No Significant Impact (FONSI) and the initial
Chukchi Sea EP on 7 December 2009. The initial Chukchi Sea EP was also found to be consistent with
the Alaska Coastal Management Program (ACMP) and the enferceable policies of the affected coastal
districts on 2 March 2010.

Shell’s EP Revision 1 was limited to a single prospect{(Burger Prospect) with six identified’EP Blocks
(Posey Area Blocks 6714, 6762, 6764, 6812, 6912, and 6915). Six drilbsites were identified (Burger A, F,
J, R, S, and V). BOEM again prepared an EA, distributed thesEA4for public commentissued a FONSI
and approved EP Revision 1 15 December 2011. Shell subsequently submitted minor revisions to Section
7 of the EP, which adjusted the estimated velumes of air pollutantiemissions that would be emitted by the
exploration drilling program; these revisions were,approved by BOEM on 30 August 2012.

EP Revision 2 is still limited to the Burger Prospect withithe same six EP Blocks. The primary difference
is that EP Revision 2 adds another drilling unit,\the Polar Pioneer. Other differences include changes in
the number of support vessels and vessel travel corridors, addition ofMLC ROV system, changes in the
number of aircraft and aircraft travel,routes, changesdo drilling fluids and BOP fluids, and changes in the
estimates of drilling waste discharge volumes. Some,vessels, including the containment system tug and
barge and the near shere ©SR tug and barge, will be moored in Kotzebue Sound. Additional changes
include revised estimates ‘of the area /of ensonification bysvessel and drilling based sound measurements
recorded in 2012, changes to air, permitting,and emissions, changes in the secondary relief well drilling
unit, revisions.torshore, bases, ‘and .changes in_mitigation measures. There are few salient differences
between the'approved EPRevision 1hand EP Revision 2 as indicated in Table 1.0-1. Additional minor
differences are described in the followingisections.
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Table 1.0-1  Exploration Drilling Programs: Approved EP, Approved EP Revision 1, and EP Revision 2
Parameter Initial Approved EP Approved EP Revision 1 EP Revision 2
Five wells with Three on the Six wells on the Burger .
Wells Burger Prospect Prospect Six wells on the Burger prospect
. . S A Drillship Discoverer
Drilling unit Drillship Discoverer Drillship Discoverer Semisubmersible Polar Pioneer
Secondary .
Relief Well Kulluk Kulluk DO
Drilling Unit
MLC _ _ Discoverer
Construction Discoverer Discoverer Polar Pioneer
MLC ROV System
Burger, Southwest Shoehill,
Prospects Crackerjack Burger Burger
Potential Drill Five - Burger C, F, J, SW o
Sites Shoehill C, Crackerjack C Six- Burger A, F, J, R, S, Vi no CER
A - Wainwright — marine (and Wainwright = expanded marine (and
Shore base Y\;?:ns\gng:rt[ marine, Barrow possible/ secondary air possible/ secondary air support), Barrow
PP support), Barrow =@ir support | - air support (somexfacilities expansion)
Vertical One planned atdTD in each No change, One planned at D in each

Seismic Profile

None

well

well

Water-based fluids & cuttings

Water based fluids & cuttings

Water based fluids & cuttings discharged

Drilling Waste | discharged; recycled when discharged; recycled when (changes in fluid components and
practicable practicable discharge volumes)
Anchor handlers (3)
Ice management vessels (2)
Anchor handler (1) Anchor handlers (2) Larger offshore supply vessels (3)
Support Vessels Ice management vessel (1) Ice management,vessel (1) Shallow water vessels (2)
(0SV) (1) OSVs (2) Shallow water Science vessels (2)
Shallow water landing craft (1) | landing craft (1) Support tugs (2)
Supply tug and barge (2)
MLC ROV system vessel (OSV)
OSR Vessel\(1) OSRV (1)
Oil Spill OSR Vessel (1) 8§$ tug and barge (1) OSR tug and barge (1)
(1) OST (2)
\R/izggﬂse 832&2 an;j bErge é)ls)T 1 Capping stack and Capping stack and
ge NG (D) Containment system (tug and Containment system (tug and barge) (1)
barge) (1) Nearshore OSR tug and barge (1)
2 helicopters (1 crew change 4 helicopters (3 crew change and 1 SAR)
Aircraft 2 helicopters (1 crew change, | and 1 SAR) 1 fixed-wing for PSO flights
and 1 SAR) 1 fixed-wing for PSO flights 1 fixed-wing for ice reconnaissance
1 fixed-wing for crew changes | 1 fixed-wing for crew changes
I;I?gﬁtopter Approximately 7‘round Approximately 12 round Approximately 40 round trips/week
F trips/week (crew change) trips/week (crew change) (crew change)
requency
30 CFR 250 Subpart B 30 CFR 550 Subpart B
Notice to Leasses (NTL)-2010- | NTL-2010-06
Regulatory 30 CFR 250 Subpart B 06 BOEM Air Jurisdiction
Update EPA Air Jurisdiction EPA Air Jurisdiction (changes in air emissions)

NPDES exploration facilities
GP AKG-28-0000

NPDES exploration facilities
GP AKG-28-8100
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1.1  Current Shell Lease Holdings and Historical Chukchi Lease Sales

BOEM held OCS QOil and Gas Lease Sale 193 in 2008 during which Shell was awarded 275 leases
(blocks) through a competitive bidding process. The locations of these lease blocks are depicted on
Figure 1.1-1 along with the locations of leases obtained by other oil and gas companies during the same
sale. Shell has included six of these lease blocks (Figure 1.1-1) located within the Burger Prospect in the
EP Revision 2 (which are the same as those identified in EP Revision 1).

BOEM previously held two lease sales in the Chukchi Sea Planning Area of the OCS. Lease Sale 109
was held in 1988 and resulted in issuance of 350 leases. Lease Sale 126 was held in 1991 and resulted in
issuance of 28 leases. Additionally, two early Beaufort Sea lease sales (Lease Sale 97 and Lease Sale
124) resulted in the issuance of leases in portions of what is now the Chukchi Sea Planning Area. All
leases associated with these historic lease sales have expired. Exploration that occurred as a result of
these historic lease sales is discussed in Sections 1.2 and 1.3.
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Figure 1.1-1 Location Map

73°N

71°N

ALASKA |
oNome oFairbanks.

B '.Waﬂ d 793 “f ""7
S ,;Ru

Vicinity Map

Chukechi|Sed

Russian EEZ

Kasegaluk Lagoon

Beaufort §

Atgasuk
.

NPR-A

e

E Prospect Area

Shell Exploration Drilling Program Blocks

j Shell Leases

I:] ConocoPhillips Leases
D Statoil Leases

[:l Other Leases

D Lease Sale 193 Area

Lease Blocks Under Stipulations 4, 5, & 7*

®  \Vilage
%  Temporary Shorebase Location
— State - Federal Water Boundary

Polynya Zone
',,A Alaska Maritime National Wildlife Refuge
Designated Spectacled Eider Critical Habitat

National Park System and Wildlife Refuge
National Petroleum Reserve - Alaska (NPR-A)

*Some parts of Sspulation 7, such as requirement
for bird strike avoidance plan, apply to additional
areas including Sheil's Burger Prospect

Some ConocoPhillips leases have been
relinquished since Sale 193

Mercator Projection: Standard Lastude 71 Deg N

@ SHELL

LOCATION MAP

ENVIRONMENTAL IMPACT ANALYSIS
CHUKCHI SEA EP REVISION 2
Revised July 2014

Environmental Impact Analysis

73N

70°N

Shell Chukchi Sea Exploration Plan Revision 2

August 2014



Environmental Impact Analysis DRAFT

Shell Chukchi Sea Exploration Plan Revision 2

1.2

Historic Exploration Drilling in the Chukchi Sea

Exploration drilling has been conducted in the past in the Chukchi Sea. Operators have drilled five
exploration wells in the United States (U.S.) waters of the Chukchi Sea to date (Figure 1.2-1). Shell
Western E&P Inc. (SWEPI) was the operator of four of these five wells and participated in the fifth well
drilled by Chevron. All these historic wells were drilled with a drilling unit that is similar to the
Discoverer which will be used by Shell to drill some of the wells identified in EP Revision 2. The
Burger A well was spud in 2012 and was temporarily abandoned at the end of the 2012 season. Detailed
information about each well, including well name, year the well was drilled, operator, drilling unit,

location, and water depth, is presented in Table 1.2-1.

Table 1.2-1  Historic Exploration Wells Drilled in the Chukchi Sea Planning'Area
Well [S)tralllrl'ég P&A Operator Drilling Unit Area Block \é\leag{eﬁ

Diamond 1991 1991 | Chevron USA Inc. Drillship Explorer Il | Hanna Sheal|»6704 | 152 ft. 46.3 m
Popcorn 1989 1990 | Shell Western E&P Inc. | Dfillship Explorer Il | Karo 6118 |,143ft.43.6 m
Crackerjack 1990 1991 | Shell Western E&P Inc. ¢ Drillship. Explorer ), | Karo 6669 | 137ft.41.8m
Burger 1989 1990 | Shell Western E&P Inc. | Drillship Explorer Il | "Posey 6814 | 149ft. 454 m
Klondike 1989 1989 | Shell Western E&P Inc. Drillship Explorer 111 | Colbert 6323 | 141ft.43.0m
Burger A 2012 -- Shell Gulf of Mexico.Inc. | Drillship Discoverer, | Posey 6764 | 144ft.439m

P&A= Plugged and Abandoned
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Figure 1.2-1  Historic Oil and Gas Exploration in the Chukchi Sea
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1.3 Historic Shallow Hazards Surveys

Shallow hazards surveys have been conducted in the past at 10 historic prospects (Azurite, Brandt,
Bowhead, Tourmaline, Crackerjack, Popcorn, Diamond, Burger, Klondike, and Ruby) in the Chukchi Sea
Planning Area. The locations of these historic surveys in relation to Shell’s planned drill sites, are
depicted on Figure 1.2-1. The historic Burger survey, conducted by Fugro-McClelland Marine
Geosciences, Inc. (Fugro 1989a, Fugro 1990a) for Shell, covers portions of some blocks in Shell’s current
Burger Prospect. Information from these shallow hazards surveys is used throughout this EIA, as is other
information collected in conjunction with these historic prospects.

1.4  Shell’s Shallow Hazards Surveys

Shell has conducted shallow hazards surveys at each of the six{planned drill sites. Surveys were
conducted at one of the drill sites in 2008 and at the other fiveddrill sites in,2009. The surveys were
conducted in a manner that meets or exceeds requirements set ferth'oy BOEMURINTL 05-A01 and NTL
05-A03. Shallow hazards survey reports and assessments far these drill sites were submitted to BOEM
under separate cover in April 2009 (Geoscience Earth & Marine Services, Inc. (GEMS)»2009), December
2010 (Fugro GeoConsulting, Inc. 2010a,b,c,d,e,f), andéApril 2011 (Fugro GeoConsultingylnc. 2011a,b).
Information from these reports is used throughout this EIA.

Exploration drilling cannot be conducted at a drill site until the results of shallow hazards surveys have
been submitted to BOEM and BOEM concurs with Shell’s interpretation. The location of these submitted
Shell shallow hazards surveys are indicated in, Figure 1.4-1. Information from these reports is used
throughout this EIA.
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The submitted reports are as follows:

Fugro GeoConsulting, Inc. 2010a. Shallow hazards and archaeological assessment Burger Site
Survey 1 OCS Lease Sale 193 area Chukchi Sea, Alaska. Report No. 27.2009-2327 prepared by
Fugro GeoConsulting, Inc., Houston, TX for Shell Gulf of Mexico Inc., Houston, TX.

Fugro GeoConsulting, Inc. 2010b. Drill site clearance letter proposed Burger A drill site Block
6764 OCS-Y-2280 Posey Area, Chukchi Sea, Alaska. Report No. 27.2010-2375-1 prepared by
Fugro GeoConsulting, Inc., Houston, TX for Shell Gulf of Mexico Inc., Houston, TX.

Fugro GeoConsulting, Inc. 2010c. Drill site clearance letter proposed Burger F drill site Block
6714 OCS-Y-2267 Posey Area, Chukchi Sea, Alaska. Report No#27.2010-2375-3 prepared by
Fugro GeoConsulting, Inc., Houston, TX for Shell Gulf of Mexico Inc., Houston, TX.

Fugro GeoConsulting, Inc. 2010d. Drill site clearance letter proposed Burger S drill site Block
6762 OCS-Y-2278 Posey Area, Chukchi Sea, Alaska. Report No.27.2010-2375-4 prepared by
Fugro GeoConsulting, Inc., Houston, TX for Shell Gulf'ef Mexico Inc.,"Houston, TX.

Fugro GeoConsulting, Inc. 2010e. Shallow hazards and archaeological assessment Burger Site
Survey 3 OCS Lease Sale 193 area Chukchi Sea, Alaska. Report No. 27.2010-2342 prepared by
Fugro GeoConsulting, Inc., Houston, TX for<Shell Gulf of Mexico Inc., Houston, TX.

Fugro GeoConsulting, Inc. 2010f. Drill site clearance letter proposed Burger V drill site Block
6915 OCS-Y-2324 Posey Area, Chukchi Sea, Alaska. "Report No. 27.2010-2375-6 prepared by
Fugro GeoConsulting, Inc., Houston, TX for Shell Gulf of Mexico Inc., Houston, TX.

Fugro GeoConsulting, Inc. 2011a. Shallow hazards and archaeological assessment Burger Site
Survey 4 OCS Lease Sale 193 area Chukchi Sea, Alaska. Report'No. 27.2010-2343 prepared by
Fugro GeoConsulting, Inc., Houston, TXor Shell' Gulf ofsiMexico Inc., Houston, TX.

Fugro GeoConsulting, Inc. 2011b. Drill site‘clearance letter proposed Burger R drill site Block
6812 OCS-Y-2294 Posey Area, Chukchi Sea Alaska. Report No. 27.2010-2375-7 prepared by
Fugro GeoCaonsulting, Inc., Houston, TX for Shell Gulf of Mexico Inc., Houston, TX.

GEMS 2009. Shallow Hazardssand Archeological Assessment, Burger J Drill Site Posey Block
NR03-02,6912, Chukchi Sea, Alaska. Prepared by Geoscience Earth & Marine Services, Inc.,
Houston, TX for'Shell Gulf of Mexico Inc.,"Houston, TX.
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Figure 1.4-1  Shells 2008 and 2009 Shallow Hazards Surveys
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1.5 Regulatory Framework

15.1 Outer Continental Shelf Lands Act

The OCSLA established federal jurisdiction over the OCS and granted authority to the Secretary of the
Interior to manage OCS resources. The Secretary has delegated the authority to promulgate regulations,
conduct leasing, and issue permits in the OCS to BOEM and BSEE. Section 18 of the OCSLA also
directs BOEM to periodically revise its oil and gas leasing programs, which BOEM does on a five-year
basis. These five-year leasing plans are national in scope and provide a schedule for all lease sales within
the five-year period. These programs are developed through a comprehensive’NEPA process that includes
resource analyses, public input, and environmental analyses. Chukchi Sea Lease*Sale 193 was initially
scheduled as part of BOEM’s 2002-2007 leasing program (MMS 2002¢) but was delayed, and eventually
conducted under BOEM’s Outer Continental Shelf Oil & Gas Five Year Leasing Program: 2007-2012
(MMS 2007e).

BOEM has issued regulations pertaining to oil and gas exploration ‘and development in 30 CFR 550.
Exploration drilling activities must comply with BOEM’s regulations, as well“asyapplicable lease
stipulations, and any conditions applied to BOEM’s approval of the tequired EP. Shell’s compliance with
the Lease Sale 193 lease stipulations is discussed in Section 21.0 of EP:Revision 2 and Section 7.0 of this
document. BOEM also issues NTLs for specific OCS regioensdand activities, and “requires several
interagency and government-to-government consultations to“demonstrate compliance with applicable
federal laws. Shell must also submit and obtain approval of an APD from BSEE (under 30 CFR 250.410-
.418) for each drill site, after approval of the EP,.from BOEM, and before conducting the exploration
drilling program. APDs contain detailed information abeut well design, equipment and procedures to be
used in drilling operations to allow BSEE to‘ensure that drilling operations are safe and protect the
environment.

152 National EnvifonmentahPolicy Act

NEPA mandates federal'agencies conduct an environmental review of their actions or projects that require
federal funding, federal autherizations _or permits, or| the involvement of federal lands. NEPA is a
coordinated review process thatyincludes reseurce impact analyses. NEPA reviews are conducted at
various levels.of detaiband scope depending on‘the nature of the proposed action. Routine activities with
well-known environmental effects may,qualify for a Categorical Exclusion from further NEPA analysis,
while other activities trigger an EA or the most rigorous level of review of an Environmental Impact
Statement (EIS).

BOEM prepares, EISs for their'five-year leasing plans, and prepared one for both the 2002-2007 leasing
plan (MMS 2002d) and the 2007-2012 plan (MMS 2007d), both of which contained Lease Sale 193.
These NEPA reviewsiare conducted by BOEM headquarters.

Following issuance of a fivedyear plan, more detailed NEPA documents are prepared by BOEM regional
offices for their respective lease sales. BOEM’s Alaska OCS Region prepared a detailed EIS (MMS
2007b) specifically for¢Lease Sale 193, which included analyses of anticipated levels of exploration
drilling by multiple operators before holding the sale in 2008. BOEM also prepared a Supplemental EIS
(SEIS) for Lease Sale 193 in 2011 in response to litigation and a 21 July 2010 U.S. District Court for the
District of Alaska decision remanding the initial EIS back to the agency. The Final SEIS (FSEIS)
addressed the issues identified by the district court in the remand order: (1) the potential impacts
associated with potential natural gas development resulting from the lease sale, and (2) statements made
in the previous EIS regarding incomplete or unavailable information. The FSEIS also updated the analysis
with new information concerning resources in the planning area and the regulatory environment, and in

Environmental Impact Analysis
Shell Chukchi Sea Exploration Plan Revision 2 1-11 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

response to public comments on a draft of the SEIS provided an analysis of the potential effects
associated with a hypothetical very large oil spill (VLOS).

The FSEIS was subject to a subsequent legal challenge by the same Plaintiffs. The district court upheld
BOEM’s NEPA supplemental analysis but, on appeal, the U.S. Court of Appeals for the Ninth Circuit
held that one aspect of the FSEIS was “arbitrary and capricious” : the agency’s reliance on a one billion
barrel estimate of total economically recoverable oil. The FSEIS is currently on remand to BOEM, and
the agency is preparing a Second SEIS to correct the deficiencies identified by the Ninth Circuit. As of
July 2014, BOEM anticipated that a Final Second SEIS would be published in early February 2015, and a
Record of Decision would be issued in March 2015.

The environmental analysis presented in this EIA tiers off of, and incorporates by.reference, many of the
analyses presented in these four EISs already prepared by BOEM, and then uses the information to
provide a site-specific and project-specific analysis of the potential effects associated with Shell’s planned
exploration drilling program. Because the deficiency of the Sale 193 FSEIS, currently on remand to
BOEM is based exclusively on the hypothetical production scenario, any required changes in the Sale 193
EIS are not likely to be relevant to the environmental impacts assoeiated with the exploration activities in
Shell’s EP Revision 2.  Under its NEPA-implementing‘rules, BOEM will prepare aaNEPA document
specifically evaluating the effects of Shell’s planneddexploration drilling program as_presented in EP
Revision 2.

1.5.3 Marine Mammal Protection Act

The MMPA established a federal responsibility,to conserve and ‘protect marine mammals. Under the
MMPA, NMFS is responsible for the management and,protection of the bewhead whale, gray whale, fin
whale, humpback whale, minke whale, harbor porpoise, beluga whale; bearded seal, ringed seal, and
spotted seal, while the USFWS has jurisdiction over polar bear and Pacific walrus. The MMPA prohibits
industry from taking marine mammals in U.S. watersawithout NMFES authorization and defines the term
“take” as harassing, hunting, capturing, killing, or'collecting, or attempting to harass, capture, kill, or
collect marine mammals¢Harassment Is statutorily defined as “any act of pursuit, torment, or annoyance.”
This is further categoerizedhand defined as Level A Harassment — which has the potential to injure a
marine mammal - and Level B,Harassment — which has the potential to disturb a marine mammal stock
by causing disruption of behavioralqatterns.

Sounds trapnsmitted into water, vessels; and aircraft traffic associated with the planned exploration drilling
programgossibly could result,in incidental disturbance of marine mammals. An IHA issued by NMFS is
required to,authorize incidental disturbancesithat represent “takes” under the MMPA for marine mammals
under their jurisdiction. The USFWS authorizes similar incidental non-lethal takes of polar bears and
Pacific walrus by issuing an LOA. Shell is applying for, and must receive, both an IHA and an LOA for
the planned exploration drilling activities.

154 Endangered,Species Act

The ESA of 1973 provides a process by which animal or plant populations that are in jeopardy of
extinction throughout all or a significant portion of their range can be listed as threatened or endangered
to protect the species and its critical habitat. A threatened species is an animal or plant species that is
likely to become endangered within the foreseeable future throughout all or a significant portion of its
range. Critical habitat must be designated for a species concurrently with listing it as a threatened or
endangered species; however, some species such as the bowhead whale have been listed for years and to
date have no designated critical habitat.

Under the ESA, the taking of a listed species is prohibited without an authorization such as an LOA or
IHA issued by the agency that has jurisdiction over the species. To take is defined as: to harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct.
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This may include significant habitat modification or degradation if it kills or injures wildlife by
significantly impairing essential behavioral patterns including breeding, feeding, or sheltering. Shell is
required to obtain an LOA for any potential incidental takes of threatened and endangered species during
the planned exploration drilling program.

Section 7 of the ESA mandates consultation by federal agencies to ensure that their activities are not
likely to jeopardize the continued existence of listed species or adversely modify designated critical
habitats. Section 7 consultation is triggered by the application for a federal approval. Under this section
of the ESA, BOEM must consult with USFWS and NMFS before issuing approval of Shell’s EP Revision
2. BOEM previously consulted with NMFS and USFWS regarding potential effects on threatened and
endangered species from the exploration drilling that could occur as a result of leasing activities in the
Chukchi Sea. NMFS (2006, 2008) published a Biological Opinion (BO)<concluding that the exploration
activities resulting from the lease sale would not likely jeopardize the eontinued existence of the fin
whale, humpback whale, and bowhead whale. The USFWS (2007) similarly provided a BO for the
planned Lease Sale 193 in the Chukchi Sea, finding that the resulting explaration activities would not
likely jeopardize the continued existence of the Steller’s or spectacled eiders. The' USFWS (2008c) also
issued a BO on incidental take regulations, and concluded that the levels of oil and gas exploration
expected to be conducted in the Chukchi Sea in 200742012 would not likely jeopardize the continued
existence of polar bears. (In a Ninth Circuit court rulingen6 January'2013, all critical habitat previously
designated for the polar bear by the USFWS was vacated and remanded back to the agengy.)

BOEM conducted consultations for the SEIS for Sale 193, whichyresulted in a NMFS 2013 BO and a
FWS 2012 BO. The NMFS 2013 BO concluded that the oil and gas leasing and exploration activities in
the BOEM FSEIS would not likely jeopardize the, continued existence, of bowhead whale, fin whale,
humpback whale, North Pacific right whale, the Arcticisubspecies of ringed seal, and the Beringia DPS
bearded seal.

The USFWS recently determined that the Pacific walfus (76 FR 7634 [February 10, 2011]) warranted
listing, but that listing wassprecluded, by higher priorities. The Pacific walrus is currently considered a
candidate species. During the proeess of developing, and promulgating incidental take regulations (50
CFR Part 18) under the. MMPA in June 2013 for the\Chukchi Sea, the USFWS delineated an area of
heavy use by walrus that they,termed the Hanna Shoal Walrus Use Area (HSWUA). The limits of the
HSWUA were based on walrushutilization distributions determined from walrus tagged with satellite
telemetry. USFWS overlaid the'50% utilization“distributions in (Jay et al. 2012) for both foraging and
occupancydin the Hanna Sheal area, as\defined bathymetrically by (Smith 2011), for the months of June
thrgugh September. At its greatest extent, the HSWUA encompasses approximately 9,500 mi?® (24,600
km®)s

NMFS listed the Arctic subspecies of ringed seal (77 FR 76705 December 28, 2012) and the Beringia
distinct populationyof bearded seal (77 FR 76739 [December 28, 2012]), both found in the northeastern
Chukchi Sea, as threatened under the ESA. In July 2014 the threatened listing for the bearded seal was
vacated and remanded to,NMES.

155 Coastal Zone Management Act

The federal Coastal Zone Management Act (CZMA) of 1972, 16 USC 1451 et seq. (Section 307),
authorized the state to review most federal activities and federally permitted activities within or affecting
resources within the state’s coastal zone. The review authority applied to exploration drilling activities of
an area leased under the OCSLA that could affect resources within a state’s coastal zone

The ACMP implemented the CZMA and required OCS plans and projects in Alaska’s coastal zone,
including potential shore bases, to be reviewed for consistency with statewide standards; however, the
State of Alaska did not pass legislation required to extend the ACMP and the ACMP no longer applies.
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15.6 Clean Air Act

The Clean Air Act (43 USC. 8 7401, et seq.) as revised in 1990, governs air pollutant emissions and
requires the EPA, the Department of Interior (DOI) and the states to carry out programs to assure
attainment of the National Ambient Air Quality Standards (NAAQS). The Clean Air Act established two
types of standards. Primary standards set limits to protect public health, including the health of "sensitive"
populations such as asthmatics, children, and the elderly. Secondary standards set limits to protect public
welfare, including protection against visibility impairment, damage to animals, crops, vegetation, and
buildings.

On 23 December 2011, an amendment to the Clean Air Act, Section 328, transferred authority for the
control of oil and gas-related emissions on the Arctic OCS to the DOI threugh the Consolidated
Appropriations Act, 2012 (Public Law 112-74). The emission sourcesn.a drilling unit operating in the
OCS off the northern coast of Alaska require an air quality permit adthorization from BOEM through an
approved EP. BOEM regulations regarding the control of air‘emissions are found at 30 CFR Part
550.302-304.

157 Clean Water Act (CWA)

Section 402 of the CWA established the NPDESto be administered by the EPA. \The CWA and
accompanying regulations made it unlawful to discharge any pollutant from a point souree into navigable
waters, including the OCS, without an NPDES permit.

The EPA (2012a) issued a five year NPDESyexploration facilities GP for Authorization to Discharge
under the NPDES for Oil and Gas Exploration ‘Facilities on the OCS, in_the Chukchi Sea (NPDES
exploration facilities GP, permit number AKG-28-8100). in November 2012. This permit authorizes
certain discharges from oil and gas exploration facilities located.in the Chukchi Sea and imposes various
effluent limitations, monitoring requirements, and conditions. Permitted discharges related to exploration
drilling include drilling fluids and, cuttings, deck«ddrainage, treéated sanitary waste, domestic waste,
desalination unit wastes, BOP fluid, boiler blowdown; fire control system test water, non-contact cooling
water, uncontaminated ballast water; bilge water, excess cement slurry, mud, cuttings and cement at the
seafloor, and test fluids (EPA,2012a). Section 403(c) ofithe CWA requires that NPDES GPs for such
ocean discharges be issued ‘in ‘complianceywith the FPA’s Ocean Discharge Criteria for preventing
unreasonable _degradation of ocean,waters. The NPDES exploration facilities GP was subjected to an
Ocean Diseharge Criteria Evaluation (EPA 2012b) and found to comply with the 10 statutory discharge
criteria,

A NOI 'must be submitted to the EPA in order for discharges to be covered under the Chukchi Sea
NPDES exploration facilities GP. Separate NOIs are filed for each drill site in which exploration drilling
could occur. Shelkis submitting NOIs for the drill sites in the EP Revision 2 for the Discoverer and the
Polar Pioneer.

Since 2008, the EPA has_required commercial vessels (previously excluded from NPDES permit
requirements) to obtain authorization for discharges within state waters, and has issued a Vessel General
Permit (VGP) for Discharges Incidental to the Normal Operation of Vessels. Shell will ensure that the
support vessels associated with the proposed exploration drilling program will obtain authorization under
the VGP.

1.5.8 Oil Pollution Act of 1990

The Oil Pollution Act of 1990 (OPA) establishes a program governing removal of spilled oil and planning
for and responding to oil spills. Under OPA, Shell has prepared the Chukchi Sea Regional Exploration
OSRP as a fundamental component of the planned exploration drilling program. Shell prepared a Chukchi
Sea Regional Exploration Program OSRP as a fundamental component of the planned exploration drilling
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program when it submitted EP Revision 1. BSEE approved that Chukchi Sea OSRP on 17 February 2012,
Shell submitted a modification to its Chukchi Sea OSRP on 18 December 2013 to BSEE; BSEE approved
that submission on 23 June 2014. Further revisions to the approved OSRP, reflecting changes in the OSR
assets are being submitted to BSEE and must be approved before the exploration drilling program begins.

Shell’s Chukchi Sea Exploration program OSRP is a regional OSRP that demonstrates Shell’s capabilities
to prevent entirely or rapidly and effectively respond to and manage, oil spills that may result from
exploration drilling operations. Despite the extremely low likelihood of a large oil spill event occurring
during exploration, Shell has designed its response program based upon a regional capability of
responding to a range of spill volumes that increase from small operational spills up to and including a
WCD from an exploration well blowout.

The OSRP includes information regarding Shell’s regional oil spill organization and dedicated response
assets, potential spill risks, and local environmental sensitivities,«The plan also details Shell’s spill
prevention programs, including personnel training and the procedures and :management practices to
prevent discharges. The plan’s response information addresses, personnel and equipment mobilization
from various locations, equipment operating characteristics{ and the availability-ofyadditional response
resources both on and off site.

159 National Historic Preservation Act and Other Cultural Resource Regulations

Cultural resource management and protection regulations foeus ‘@n cultural resources from the past or
those that people have used or valued continually for the last 50 years,or longer. These regulations include
federal and state laws and policies, and NSB ordinances (Table 1.5.9-1).

Table 1.5.9-1 Agencies and Governments Managing and Protecting Historic Resources

Agency or Scope Dataset Primary Associated Appllcable
Government Laws and Policies
Abandoned Shipwreck Act
Antiquities Act of 1906
U.S. Federal fed(_eral, state, National Register of Archaeolog!cal and Historic Pres_ervatlon Act
regional; and S Archaeological Resource Protection Act
Government Historic Places

local CZMA
National Historic Preservation Act (NHPA)
National Environmental Policy Act (NEPA)

Office ofHistory

and Archaeology,

ggefz;(r?ment of state. local géaszlze; cHeeSr:Jt?\?eey Alaska Historic Preservation Act (AS 41.35)
Natural (AHRS) Alaska Administrative Code (AAC) (11 AAC 16)
Resources

(ADNR)

NSB borough Traditional Land Use | NSB Comprehensive Plan

Inventory (TLUI) North Slope Code of Ordinances

The National Register of Historic Places (National Register) recognizes properties of exceptional
historical importance. The importance may be local, regional, or national. Historic preservationists
evaluate a property’s historical importance using four key criteria:

e Criterion A — Property illustrates important historical event(s) or broad pattern(s).

o Criterion B — Property demonstrates an association with person/people who was/were significant
in the past.
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e Criterion C — Property embodies distinctive characteristics of a type, period, or method of
construction, style, or high artistic value.

e Criterion D — Property yields or has potential to yield important information about prehistory or
history.

The Office of History and Archaeology (OHA) in Anchorage maintains data on historic and
archaeological properties in the state. The AHRS database, a collection of archaeological and historic
properties reports, and the NHPA compliance related letters comprise these data. The NSB maintains its
own database entitled the Traditional Land Use Inventory (TLUI) of cultural resources. The TLUI
includes information on archaeological and historic sites, as well as places people continue to use for
traditional activities. Public agencies usually maintain their own cultural resource databases that serve
their management needs.

Section 106 of the NHPA requires that BOEM consult with the State “Historic Preservation Office
(SHPO), local governments, local tribes, and other interestedparties before ‘approving an EP (36 CFR
800).

1.6 Baseline Studies

A Multi-faceted baseline studies have been conducted withima 30 X 30, nmi study area (56 x 56 km)
encompassing all the blocks in Shell’s Burger Prospect annually. since 2008 to gather additional data
regarding resources in and around the prospect and have continued,to date. The following reports are
currently available and were used in this EIA;

e Seasonal observations of carbonate chemistrynand ocean acidification in 2012 (Mathis and
Questel 2013).

e Physical oceanographiesmeasurements in the northeastern Chukchi Sea: 2012 (Weingartner et al.
2013).

e Benthic ecology ofithe Burger and Klondike survey areas: 2008 environmental studies program
in the northeastern Chukchi Sea (Blanchard et al. 2010a).

e Benthic.ecology of the'Burger and“Klondike'survey areas: 2009 environmental studies program
in the northeastermChukchi Sea (Blanchard et al. 2010b).

e _Benthic ecology ofthexnortheastern, Chukchi Sea 2008-2012 Blanchard et al. 2013b).

e Oceanographic assessment of the planktonic communities in the Klondike and Burger survey
areasof the Chukchi Sea: report for survey year 2008 (Hopcroft et al. 2009).

e Oceanographic assessment of the planktonic communities in the Klondike and Burger survey
areas of the Chukchi Sea: report for survey year 2009 (Hopcroft et al. 2010).

e Oceanographic assessment of the planktonic communities in the northeastern Chukchi Sea: report
for survey year 2010 (Hopcroft et al. 2011).

o Oceanographic assessment of the planktonic communities in northeastern Chukchi Sea: report for
survey year 2011 (Hopcroft et al. 2012).

o A synthesis of diversity, distribution, abundance, age, size, and diet of fish in the Lease Sale 193
Area of the northeastern Chukchi Sea (Norcross 2011).

e Fish community observation for three locations in the Chukchi Sea, 2010 (Priest et al. 2011b).
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e Species composition and assemblage structure of demersal fishes in the northeastern Chukchi Sea
(Priest et al. 2011b).

e 2011 Fish and invertebrate trawl surveys in the Chukchi Sea Environmental Studies Program
(Goodman et al. 2012).

e 2012 summary of fish acoustic surveys in the Chukchi Sea Environmental Studies Program
(Goodman et al. 2013)

o Distribution and abundance of seabirds in the northeastern Chukchi Sea, 2008 (Gall and Day
2009).

¢ Distribution and abundance of seabirds in the northeastern Chukchi"Sea, 2008 and 2009 (Gall and
Day 2010).

¢ Distribution and abundance of seabirds in the northeastern{Chukchi Sea;)2008 — 2010 (Gall and
Day 2011)

¢ Distribution and abundance of seabirds in the northeastern Chukchi Sea, 2008 -2011 (Gall and
Day 2012).

¢ Distribution and abundance of seabirds in the northeastern Chukehi Sea, 2008 — 2012 (Gall and
Day 2013).

e Marine mammal surveys at the Klofidike and Burger survey areas in the Chukchi Sea during the
2008 open water season (Brueggeman 2009a).

e Marine mammal surveys at the Klondike,and Burger.survey areas in the Chukchi Sea during the
2009 open water season (Brueggeman 2010).

e Marine mammal distribution,and abundanceiifn the northeast Chukchi Sea, July-October 2008-
2010 (Aerts et al«2011).

e Marine mammaldistribution and abundance in‘the northeast Chukchi Sea, July-October 2008-
2011 (Aerts et al. 2012):

e Marinesmammal distribution and abundance in the northeastern Chukchi Sea during summer and
early fall 2008-2012,(Aerts'et al. 2013).

e < Passive acoustic monitoring of marine mammals in the Chukchi Sea 9 September — 14 October
2008\ (The Cornell Lah of Ornithalogy 2010).

o Physical aceanographicimeasurements in the Klondike and Burger survey area of the Chukchi
Sea: 2008 and 2009 (Weingartner and Danielson 2010).

e Environmental studies in the Chukchi Sea 2008: chemical characterization (Batelle Memorial
Institute 2010).

o Chukchi Sea environmental studies baseline program 2009 fish sampling — chemistry results
(Exponent 2010).

Shell has also collected a large amount of information regarding marine mammals in the northeastern
Chukchi Sea, including the area of Shell’s Burger Prospect, through its marine mammal monitoring
program associated with seismic surveys. Data collected over the last four years is summarized in the
comprehensive reports. Shell has provided BOEM with all of these reports except the most recent LGL
2013), which will be forwarded to BOEM under separate cover.. They are as follows:
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Joint monitoring program in the Chukchi and Beaufort Seas, July-November 2006. LGL Alaska
Report P891-2, Report from LGL Alaska Research Associates, Inc., LGL Ltd., Greeneridge
Sciences, Inc., Bioacoustics Research Program, Cornell University, and Bio-Wave Inc. for Shell
Offshore, Inc., ConocoPhillips Alaska, Inc., and GX Technology, and National Marine Fisheries
Service, U.S. Fish and Wildlife Service. 316 p. plus Appendices (Funk, D.W., R. Rodrigues, D.S.
Ireland, and W.R. Koski (eds.) 2007).

Joint monitoring program in the Chukchi and Beaufort Seas, July-November 2007. LGL Alaska
Report P1050-3, Report from LGL Alaska Research Associates, Inc., LGL, Ltd., Greeneridge
Sciences, Inc., and JASCO Research, Ltd. and for Shell Offshoreglney, ConocoPhillips Alaska,
Inc., and National Marine Fisheries Service, U.S. Fish and Wildlife Service. 445 p. plus
Appendices (Ireland, D.S., D.W. Funk, R. Rodrigues, and W.R. Koski (eds.) 2008).

Joint monitoring program in the Chukchi and Beaufort ‘seas, open-water seasons, 2006—20009.
LGL Alaska Report P1050-2, Preliminary Draft Report from LGL AlaskayResearch Associates,
Inc., LGL Ltd., Greeneridge Sciences, Inc., and JASCO Applied Sciences, for Shell Offshore,
Inc. and Other Industry Contributors, and National Marine Fisheries Service,»U.S. Fish and
Wildlife Service. 462 p. plus Appendices (Funk; D:W., D.S.reland, R. Rodrigues, and W.R.
Koski (eds.) 2011).

Joint Monitoring Program in the Ghukchi and Beaufort'Seas, 2012. LGL Alaska Draft Report
P1272-2 for Shell Offshore, Inc. 10NnGeophysical, Inc; and Other Industry Contributors,
National Marine Fisheries Service, and, U.S. Fish and Wildlife'Service. 320 p. plus Appendices
(LGL Alaska Research Associates, Ine., JASCO»Applied Sciences, Inc., and Greeneridge
Sciences, Inc. 2013).

Additionally, Shell:

Deployed metearological buays in the Chukchi Sea near the Burger Prospect in 2008-2013 that
reported hourly measurements via satellite — this work is being continued in 2014-2015.

Deployed an acoustical ‘wave and current meter (AWAC) in the Chukchi Sea near the Burger
Prospect in 2008-2010, which was serviced and redeployed in 2011-2012.

Shell also established a meteorological and air quality monitoring station at Wainwright. Data have been
collected and reported for November 2008 through December 2010 in the following reports, which
indicate that measured concentrations of air pollutants are well below NAAQS.

Wainwright near-term ambient air quality monitoring program first quarter data report November
2008 through' Janwary 2009 final. Unpublished report prepared by AECOM, Inc. for
ConocoPhillips Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2009a).

Wainwright near-term ambient air quality monitoring program second quarter data report
February through April 2009 final. Document No. 01865-104-3220 prepared by AECOM, Inc. for
ConocoPhillips Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2009b).

Wainwright near-term ambient air quality monitoring program third quarter data report May
through July 2009 final. Document No. 01865-104-3230 prepared by AECOM, Inc. for
ConocoPhillips Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2009c).
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Wainwright near-term ambient air quality monitoring program fourth quarter data report August
through October 2009 final revision 02. Unpublished report prepared by AECOM, Inc. for
ConocoPhillips Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2009d).

Wainwright near-term ambient air quality monitoring program annual data report November 2008
through November 2009 final. Unpublished report prepared by AECOM, Inc. for ConocoPhillips
Alaska, Inc. Anchorage, Alaska (AECOM, Inc. 2010a).

Wainwright permanent ambient air quality monitoring program first quarter data report January
through March 2010 final. Unpublished report prepared by AECOM, Inc. for ConocoPhillips
Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2010b).

Wainwright permanent ambient air quality monitoring program second quarter data report April
through June 2010 draft. Unpublished report prepared by AECOM, Inc. for ConocoPhillips
Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2010c).

Wainwright permanent ambient air quality monitaring program third quarter data report July
through September 2010 draft. Unpublished repart prepared by AECOM, Inc. for. ConocoPhillips
Alaska, Inc., Anchorage, Alaska (AECOM, In¢."2020d).

Wainwright permanent ambient air quality monitoring program fourth quarter data report October
through December 2010 draft. Unpublished report prepared by AECOM, Inc. for ConocoPhillips
Alaska, Inc., Anchorage, Alaska (AECOM, Inc. 2011a).

Wainwright permanent ambient air quality monitoring program annual data report January 2010
through December 2010 final. Unpublished report prepared by AECOM, Inc. for ConocoPhillips
Alaska, Inc. Anchorage, Alaska (AECOM,\Inc. 2011h).

Shell also conducted coastdl environmental sensitivity surveys along the coastline of the northeastern
Chukchi Sea (Sound Enterprises and Associates, 2008) and collected data on subsistence harvests and
uses in the Chukchi and Beaufort Seas (AES-RTS and.UMIAQ). The Sound Enterprises (2008), ASRC
Energy Services (2009, 2010),and UMIAQ (2011) reports were previously submitted to BOEM; the
UMIAQ (2012, 2013, 2014) reportsiare attached,as part'of this submission.

ChukehiVillage 'Interview Program. Unpublished report prepared by Sound Enterprises and
Associates LLC, Bainbridge Island, WA for Shell Exploration and Production Company (Sound
Enterprises and Associates, LLC: 2008).

Subsistence Advisor Program summary North Slope, Alaska. Report dated April 2009 prepared
by ASRC Energy Services for Shell Exploration and Production Company, Anchorage, Alaska
(ASRC Energy. Services. 2009).

2011 Subsistence,#Advisor Program, North Slope, Alaska. Report prepared by UMIAQ,
Anchorage, Alaska for Shell Exploration and Production, Anchorage, Alaska (UMIAQ. 2012).
2012 Subsistence Advisor Program, North Slope, Alaska. Report prepared by UMIAQ,
Anchorage, Alaska for Shell Exploration and Production, Anchorage, Alaska (UMIAQ. 2013).

2013 Subsistence Advisor Program North Slope, Alaska. Report prepared by UMIAQ,
Anchorage, Alaska for Shell Exploration & Production Company, Anchorage, Alaska (UMIAQ.
2014).
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2.0 PLANNED EXPLORATION DRILLINGACTIVITIES

Shell plans to drill six exploration wells over multiple drilling seasons. Shell will mobilize both of its
drilling units, the Discoverer and the Polar Pioneer and support vessels through the Bering Strait on or
after 1 July each drilling season, reaching the first Chukchi Sea drill site as early as 4 July as ice
conditions permit. Exploration drilling activities will continue until on or about 31 October. Shell will
demobilize the drilling units and support vessels out of the Chukchi Sea at the end of each drilling season.
Additional exploration drilling program details are provided below.

2.1  The Prospect and Drill Sites

Shell has identified six proposed drill sites within its Chukchi Sea lease, blocks, all within the Burger
Prospect. These are the same drill sites identified by Shell in EP_Revisiony1 and analyzed in detail in
Shell’s May 2011 EIA that accompanies EP Revision 1. Coordinates of the six drill sites are listed in
Table 2.1-1. Locations of the drill sites are depicted in Figure 2:2-1.

Table 2.1-1  Drill Sites in the Chukchi Sea Exploration Drilling Program

- 1
Prospect | Well | Area | Block NII_J?;‘;Zr C)(zordmates (m\z Latitude Longitude
Burger A Posey 6764 0OCS-Y-2280 563945.26 7912759.34 N71°18'30.92" W163° 12'43.17"
Burger F Posey 6714 0CS-Y-2267 564063.30 | 7915956.94 N71°20'13.96" W163°12' 21.75"
Burger J Posey 6912 0CS-Y-232% 555036.01 | 7897424.42 N71°10'24.03" W163° 28' 18.52"
Burger R Posey 6812 0OCS-Y-2294 553365.47 7907998.91 N71° 16' 06.57" W163° 30" 39.44"
Burger S Posey 6762 0OCS-Y-2278 | 554390.64 | 7914198.48 N71° 19'25.79" W163° 28' 40.84"
Burger Vv Posey 6915 0OCS-Y-2324 569401.40 7898124.84 N71°10' 33.39" W163° 04' 21.23"

! Coordinate system is North American Datum 1983 (NAD 83) UTM Zone 3
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Figure 2.1-1
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2.2 Drilling Units, Support Vessels, and Aircraft
Drilling Units

All planned exploration wells will be drilled using either the Discoverer or the semi-submersible Polar
Pioneer. The drilling units will be in the Lease Sale 193 area operating as primary drilling units.
Provisions for a second relief well drilling unit will be in place in the event that the primary drilling unit
is disabled and not capable of drilling its own relief well. Both the Discoverer and Polar Pioneer will
serve as their own primary relief well drilling unit. If either the Discoverer or the Polar Pioneer cannot
be used to drill its own relief well, the other drilling unit would be used at purpose. The drilling
units will be in the Burger Prospect operating as primary drilling units,«0r one ‘may be no further than
Dutch Harbor when the other drilling unit is drilling hydrocarbon beari nes. In either case, the other
drilling unit could be mobilized to the location in the Burger Prosp and then drill a relief well
and kill the flow within 38 days.

Photograph 2.2-1 Polar Pioneer

unit capable of drilling in
. Its class notation is DNV 1Al
illing unit. It is a largely self-

yvided below in Table 2.2-1.

e Discoverer (photo to left) is an ice strengthened
drillship and can mobilize under its own power. It is a
largely self-contained drilling unit that offers full
accommodations for a crew of up to 124 persons, with
quarters, galley, and sanitation facilities. Specifications
for the Discoverer are provided in Table 2.2-1.
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Table 2.2-1  Specifications of the Discoverer and the Polar Pioneer
Specification | Discoverer Polar Pioneer

Dimensions
Hull Length 514 ft. (156.7 m) 279 ft. (85 m)
Hull Width 85 ft. (26.0 m) 233 ft. (71 m)
Height 274 t. (83.2m) 319 ft. (97.3m)
Derrflck Height 175 ft. (3.3 m) 170 ft. (51.8 m)
Draft
Transit Draft 26.9 ft. (8.2 m) 30 ft. (9.15m)
Operating Draft at Loadline | 26.9 ft. (8.2 m) 75.4 ft. (23 m)
Berths 124 berths 114 berths

Storage Capacity

Potable Water

1,670 bbl (266 m°)

4,843 Dbl (770 m°)

Drill Water 5,798 bbl (922 m°) 11,140 bbl (1,770 m’)

Liquid Mud 2,400 bbl (382 m°) 6,180 bbl (982 m°)

Bulk Cement 6,400 ft3 (180 m°) 12,678 t.° (359 m°)

Fuel 6,497 bbl (1,033 m°) 17,290 bbl (1,794 m°)
Propulsion Engines t%)MAN Diesel B&W 1, 6,480 horse power N/A

Power Plant (6) Caterpillar 3512 1,476 hp (5) Bergen KVVG-18 3,890 hp
Mooring

Anchors 9 - 15 metric (mt) ton Stevsharky8 each 9 - 15 mt. torrSiewshark 8

each

Anchor Lines

2.75 inch (in.) (7 centimeters [cm]) wire rope
2.5-1in. (6 cm; chain D P

3.3in (88 mm) K-4 chain

Anchor Line Length

(8 each) 2,750 ft (838 m) wire + 1,150 ft (351
m) chain (useahle) per anchor

(8 each) 1,969-2,035 m
chain per anchor

Transit Speed

8.0 knots

NA (non-selfpropelled)

Marine Sanitation Device

OMNIPUR Series 55

Piranha WRS-40

Operation Support Vessels and Oil Spill Response Vessels

The drilling units will be attended by operationalisupport vessels consisting of ice management vessels,
anchor handlers, OSVs, support tugs, resupply barges and tugs, and shallow water vessels. Up to two
science vessels will be uséd to conduct discharge monitoring required by the new Chukchi Sea NPDES
exploration facilities GP. OSR support vessels consisting of an OSRV, an offshore OSR tug and barge, a
nearshore OSR tug and bargeya support tug, OSTs, and acontainment system tug and barge. The drilling
units, operational support vessels; and OSRisupport vessels are listed below:

Drilling units: Discovererand, Polar Pioneer
leé managementvessels (x2)

Anchor handlers (x3)

OSVs, (x3)

Sciencewessels (x2)

MLC ROV, System vessel

Support tugs (x2)

Shallow water vessels (x2)

Supply tugs and'barges (x2)

OSRV

OSR tug and barges (x2)

OSTs (x2)

Containment system tug and barge (x1)
SAR helicopter

Crew change/resupply helicopters (x3)

Fixed wing aircraft for ice reconnaissance
Fixed wing aircraft for PSO flights

Fixed wing aircraft for crew change between Barrow and Wainwright
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Some support vessels are not yet contracted; specifications for vessels of the sizes and types that may be
contracted are presented in Tables 2.2-2 and 2.2-3. Vessels that are eventually contracted may differ from
these but they will be similar. Fuel storage capacities and expected trip frequencies for these vessels are
indicated in Table 2.2-4. Vessel and aircraft travel corridors are indicated in Figures 2.2-1 and 2.2-2. A
generalized route is identified for vessels to effect crew changes between the prospect or offshore vessels
and Barrow. This is a contingency for the possibility that sufficient crew change flights cannot be
accommodated by helicopters because of weather, visibility, subsistence or other operational issues.

Some vessels will not be in the Lease Sale 193 Area for extended periods but may be used in the prospect
on occasion. The resupply barges and tugs, the nearshore OSR tug and barge, the containment system tug
and shallow water vessels will be primarily located outside the Lease Sale 193 Area. A tentative location
for these vessels has been identified near Goodhope Bay in Kotzebue Sound in water depths of about 30 ft
(9.1 m). Four mooring buoys may be established at the site.

One OST will be located in the prospect. Some of the OST storage capacity.will be used to hold fuel for
refueling the drilling units and support vessels; the remaining Storage will be used for storage of
recovered liquids in the event of a spill. The second OST will belocated where it could be mobilized to
relieve the first OST in the event of a spill. The OST in the prospect will possess enough,storage capacity
to store all recovered liquids for the initial response @r until the seeond OST arrives to Supplement the
response. The total storage capacity between the two tankersiavailable for the response is > 750,000 bbl,
the Worst Case Discharge (WCD) planning scenario under the OSRP.

Crew changes will occur throughout the .season using the shallow water vessels transiting between
Kotzebue and the vessel locations in Kotzebue Seund. Vessels will alsabe resupplied with food stores via
shallow water vessel. Other vessels may ‘be located with these“wessels on occasion. Additional
information on vessel locations is providedtin Table»2.2-4. Vessels will comply with the waste
management plan, including International Convention for:the Prevention’of Pollution from Ships (Marine
Pollution or MARPOL) standards and requirements and the EPA NPDES vessel GP for any discharge of
gray water or treated effluent.
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Table 2.2-2  Specifications of Operations Support Vessels
Shallow Suoport Supply Tug and
Specification Ice Management Anchor 0SV (x3) 1 Science Water Tu psp(xz) Barges (x2) *® MLC ROV
P Vessels (x2)2 Handlers (x3) 13 Vessel(x2) ° | Vessel (%2) 9, System Vessel'?
16 Tug Barge
Lenath 380 ft. 361 ft. 300 ft. 300 ft. 134 ft. 146 ft. 150 ft. 400 ft. 280 ft.
g (116 m) (110.1 m) (91.5m) (91.5m) (40.8 m) (44.5m) | (45.7m) | (122 m) (85.3 m)
Width 85 ft. 80 ft. 60 ft. 60 ft. 32 ft. 46 ft. 40 ft. 99.5 ft. 60 ft.
(26 m) (24.4 m) (18.3 m) (18.3 m) (9.7 m) (14mh.| (12.2m) | (30.3m) (18.3 m)
Draft 27 ft. 28 ft. 15.9 ft. 159 ft. 6 ft. 21 ft. 19.5 ft. 25 ft. 16.5 ft.
(8.4 m) (8.5m) (4.9 m) (4.9 m) (18 m) (6.4m) | (5:9m) (7.6 m) (5 m)
Accommodationns 82 64 50 50 22 13 11 -- 26
Maximum Speed 16 knots 15 knots 13 knots 13 knots 10 knots 16 knots | 12 knots _ 13 knots
P (30 km/hr) (28 km/hr) (24 km/hr) (24 km/hr) | (28 km/hr) | (30 km/hr)| (22 km/hr) (24 km/hr)
Available Fuel 14,192 bbl 11,318 bbl 5,786 bbl 5,786 bbl 667 bbl 5,585 bbl | 4,800 bbl _ 6,233 bbl
Storage (2,256m°) (1,799 m®) (920 m?) (920 m?) (106 m° | (888m°) | (774 m) (991 m?)
L Or similar vessel
2 Based on Nordica
% Based on Aiviq
* Based on the Harvey Champion
® Based on the Harvey Champion
® Based on the Arctic Seal
" Based on the tug Ocean Wave
8 Based on the Lauren Foss (tug) and Tuug (barge)
® Based on the Harvey Spirit
Environmental Impact Analysis
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Table 2.2-3  Specifications of the Major QOil Spill Response Vessels
o s Offshore OSR *? Nearshore OSR™* N L6 Containment System *”
Specification OSRV ~ OST ™ OoSsT ™
Tug Barge Tug Barge Tug Barge
Lenath 301 ft. 126 ft. 333 ft. 90 ft. 205 ft. 748 ft. 813 ft. 150 ft. 316.5 ft.
g (91.9 m) (38.4 m) (101.5m) (27.4 m) (62.5 m) (228 m) (248 m) (45.7m) (96.5 m)
Width 60 ft. 34 ft. 76 ft. 32 ft. 90fft. 105 ft. 141 ft. 40 ft. 105 ft.
(18.3 m) (10.4 m) (23.1 m) (9.8 m) @27.4 m) (32m) (48 m) (12.2m) (32 m)
Draft 19 ft. 17 ft. 22 ft. 10 ft. 15 ft. 66 ft. 69 ft. 19.5 ft. 12.5 ft.
(5.8 m) (5.2m) (6.7 m) (3 m) (4.6 m) (20 m) (21 m) (5.9m) (3.8 m)
Accommodations 41 15 -- 8 25 25 25 11 72
Maximum Speed 16 knots 12 knots _ 12 knots _ 15 Kknots 15 knots 10 knots _
P (30 km/hr) | (22 km/hr) (22 km/hr) (28 km/hr) (28 km/hr) (19 km/hr)
Auvailable Fuel 7,692 bbl 1,786 bbl 390 bbl 1,286 bbl B 16,121 bbl 20,241 bbl 4,800 bbl 6,630 bbl
Storage (1,223m% | (284 m°) (62'm®) (204.5 m®) (2,563m°) (3,218 m°) (763m* | (1,054 m)
Available Liquid | 12,245bbl | 76,900 bb B Gigsrhy | 106000bbIS | 670,000 bbl B B
Storage (1,947 m3) (12,226/m°) : (16,852 m°) | (106,518 m®)
(1) skim boat
47 ft.
(3) 34 ft. 0 i (14 m) - - - -
Workboats work boats (3) work boats 34 ft.
(10 m)
(4) mini-barges

1 Or similar vessel
2 Based on the Nanuq

% Based on the tug Guardsman (tug) and Klamath (barge)
* based on the Point Oliktok (tug) and Endeavor (barge)
® Based on a Panamax type tanker
6 Based on an Aframax type tanker

7 Based on the Corbin Foss (tug), Arctic Challenger (barge)

8 Total available storage is 350,000 bbl; however, 244,000 bbl of ULSD or a fuel with equal or lower sulfur content (used to refuel the drilling units and support vessels) will take up storage space, leaving
104,000 bbl for recovered liquids. Storage space for recovered liquids will increase as fuel is dispensed for refueling.
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Table 2.2-4  Expected Fuel Storage Capacity and Trip Information for Support Vessels
Maximum Fuel
Tank Storage . . .
Vessel Type Capacity Trip Frequency or Duration/Location

(each vessel)

Marine Support Vessels (or similar)

Ice management vessels (x2)

14,192 bbl (2,256m°)

Will remain in the vicinity of the drilling units until its mission
is finished

Anchor handlers (x3)

11,318 bbl (1,799 m®)

Will remain in the vicinity ofithe drilling units until its mission
is finished

OSVs (x3)

5,786 bbl (920 m)

Up to 30 round trips (cémbined for all OSVs) for resupply
between drilling unit and‘Dutch Harbor/Kotzebue during each
drilling season

Supply Tugs and barges (x2)

4,800 bbl (774 m®)

Will generally remain in Kotzebue Sound for storage

Support Tugs (x2)

5,585 bbl (888 m°)

Supportdor the Polar Pioneer

Science Vessel (x2)

5,786 bbl (920 m?®)

Willdremain in the vicinity of the drilling unitssuntil its mission
is finished

MLC ROV System vessel

6,233 bbl (991 m°)

Located ontheyprospect establishing MLCs ahead of the
drilling units

Shallow water vessels (x2)

667 bbl (106 m?)

Occasional trips as needed in vicinity of Kotzebue

OSR Support Vessels (or similar)

OSRV

7,692 bbl (1,223 m®)

Will'remain,in the vicinity of the drilling units until its mission
is finished

OSR tug and barge (offshore)

17786 bbl (284 m°)

Will remain in the vicinity of the drilling units until its mission
is finished

OSR tug and barge (nearshore)

1,286 bbl (204.5 m®)

Staged in Kotzebue Sound

OST (Panamax)

16,121 bbl (2,563:m°)

Will remain in the vicinity of the drilling units until its mission
is finished

OST (Aframax)

20,241'bbIy(3,218 m?)

Stationed outside the Chukchi Sea lease sale planning area.

Containment system tug and
barge

6,630 bbl (1,054 m°)

Staged in Kotzebue Sound

Aircraft (or similar)

(1) Saab 340 B, Beechcraft
1900, or Dash 8 fixed-wing,or

1 trip every 3 weeks between Wainwright and Barrow or

similar — transport from shaore 9bbl (1.4 m3)
. . . AnchorageNo
base to regional jet service in
Barrow
(2) Gulfstream 690 Aero 3 PSO overflights and ice reconnaissance; both to occur daily
9 bbl (1.4 m°)

Commander (or similar)

when possible

(3) Helicopter — S-92 (or
similar) for crew rotation &
groceries/supply

18 bbl (2.9 m®)

Approximately 40 trips/ week between Barrow and the Burger
Prospect (approximately 3.0 hr/trip)

(1) Helicopter S-92 (or similar)
— search-and-rescue

18 bbl (2.9 m?)

Stationed in Barrow — 40 hr/week for proficiency training &
trips made in emergency

Environmental Impact Analysis

Shell Chukchi Sea Exploration Plan Revision 2

2-8 August 2014




Environmental Impact Analysis DRAFT

Shell Chukchi Sea Exploration Plan Revision 2

Figure 2.2-1  Marine Vessel Routes
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Figure 2.2-2  Flight Corridors
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Photograph 2.2-3 Ice Management Vessel

Ice management vessels such as the M/V Fennica, M/V
Nordica (Photograph 2.2-3) or similar vessel will serve as
ice management vessels in support of the drilling units. The
ice management vessels will enter and exit the Chukchi Sea
with or in advance of the drilling units. Ice management
would be expected to occur at a distance of up to 20 mi (32
km) upwind or upcurrent of the drilling units, but ice
reconnaissance may occur to a distance of 30 mi (48 km) or
more.

Anchor handlers such.as the M/V Aivig, (Photograph 2.2-4)
or similar vessels will serve as the primary, anchor handling
vessel and‘secondary iee management vessel.ip’support of
the drilling units. The \essels will enter the Chukchi Sea
with, or in advanceofgthe dritling units and‘exit the Chukchi
Sea with the drilling units or soon after.

Photograph 2.2-5 OSV, MLC ROV System)Vessel, Science Vessel

The planned exploration drilling operations will require
three OSVsisueh as the M/V Harvey Champion (Photograph
2.2-5) or similar vessels to resupply the drilling units with
drillingsniaterials, supplies and fuel. The vessels will rotate
bringing in supplies from Dutch Harbor or Kotzebue Sound
to the drilling units in the prospect. Similar vessels will serve
as the science vessel conducting discharge monitoring at the
drilling units in compliance with the NPDES exploration
facilities GP, and to support the MLC ROV system.

The drilling operations will require three ocean-going tugs
such as the M/V Ocean Wave (Photograph 2.2-6) or similar
vessels. Two tugs will serve as tow vessels / support tugs to
the Polar Pioneer and remain near the drilling unit. One tug
will also serve as a supply tug and will be moored in Kotzebue
Sound when not supporting operations in the prospect.

Environmental Impact Analysis
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Photograph 2.2-7 Supply Tug and Barge

Photograph 2.2-8 Shallow Water Vessel

Oil Spill Response Vessels

Three supply barges such as the barge Tuug will be supported
by tugs such as the M/V Lauren Foss or similar vessels will
serve as ware barges. Supply barges and tugs will be primarily
located in Kotzebue Sound and Dutch Harbor, one serving as a
general ware barge, one supporting the containment tug and
barge,, and one for supply and accommodations.

Shell may use shallow water vessels for the occasional transport
of supplies of crews between offshore moored .in or near
Goodhope #Bay, Kotzebue ySound and the “marine support
facilities in Kotzebue. The vessels would be gelatively small,
capable of entering shallow water, similar to the Arctic Seal
pictured in Photograph 2.2-8.

The OSR support vessels supporting the exploration drilling program includes two dedicated OSR tugs
and barges, an OSRV, associated/ smaller workboats, and two OSTs. Two additional vessels of
opportunity skimming systems (VOSS) will alsosbe’available to Shell. Specifications for the planned
OSRV, OSR«ugs and barges, OSTs, and a containment system tug and barge are listed in Table 2.2-3.

Photograph,2.2-9 OSRV

Environmental Impact Analysis

An OSRV such as the Nanug (Photograph 2.2-9) will be staged
offshore in the vicinity of the drilling units when any drilling
unit is drilling in liquid hydrocarbon bearing zones such that it
can immediately respond to a spill and provide containment,
recovery, and storage for the initial operational period following
a spill event.

Shell Chukchi Sea Exploration Plan Revision 2
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Photograph 2.2-10 Arctic OST

Two OSTs will be employed to provide storage for large
volumes of recovered crude oil and other fluids recovered
in the event of a spill. They will possess in total a
minimum storage capacity of at least 750,000 bbl
(119,237 m®). One OST will be located in the prospect
and the other will be staged outside the lease sale
planning area. The OST in the prospect would most likely
be a Panamax tanker such as the Stena Bulk (Photograph
2.2-10).

Photograph 2.2-11 Offshore OSR Barge and Tug

(Guardsman or similar) (F ' staged offshore in the vicinity of the drilling unit.
Together with the OSR ST, there is sufficient containment, recovery, and storage capacity for

A nearshore OSR tug and barge such as the Arctic
Endeavor or similar vessel (Photograph 2.2-12) and a
tug (Point Oliktok or similar), will be staged in
Goodhope Bay, Kotzebue Sound and would be
mobilized in the event of a spill. It will carry a 47-ft
(14-m) skimming vessel, three 34-ft (10-m) workboats,
four mini-barges, and boom and duplex skimming units
for nearshore recovery.
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Photograph 2.2-13 Arctic Containment System barge

Shell’s oil spill containment system tug and barge,
housed on the Arctic Challenger barge, will be
accompanied by the tug Corbin Foss (or similar).
The containment system tug and barge will be
moored in or near Goodhope Bay in Kotzebue
Sound.

Aircraft
The exploration drilling program will be supported by:

e (3) crew change/ resupply helicopters
e (1) SAR helicopter

The three crew change helicopters will be operated e facilities at the Barrow Airport. These
( be similar aircraft) capable of

onshore and near shore a i i -2, but flight paths will be selected and/ or
e Tlights are planned to be conducted at an altitude

b 340-B 30-seat, Beechcraft 1900 19-seat, or DeHavilland Dash8 30-
seat, will be usec i sport crews, materials, and equipment between the shore base and hub
airports such as Barrew or Fairbanks. Fixed-wing aircraft, such as Aero-Commanders (or similar
aircraft), will be used overflights in support of Shell’s 4MP, and to conduct ice reconnaissance
overflights for operatio support of the Drilling Ice Management Plan (DIMP). Ice reconnaissance
flights are planned to be"conducted daily depending conditions and need; these flights will be conducted
in the area within about 50 mi (80 km) of the drill sites, at an altitude of > 3,000 ft. (914 m).

Weather conditions experienced by Shell during the 2012 operations affected the ability to fly offshore
for crew changes. Shell has improved the helicopter equipment by equipping crew change and SAR
helicopters with Rotor Ice Protection Systems (RIPS) and utilizing improved offshore instrument flight
rules. This will enable the helicopters to fly at or above 1,500 ft (457 m) during low-ceiling and/or icing
conditions. This allows for crew change to occur on time and reduces the risk for worker fatigue offshore.

Environmental Impact Analysis
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The types of aircraft that may be contracted are presented in Table 2.2-5. Some of these aircraft are not
yet contracted; the aircraft that are eventually contracted may differ from these but will be similar. The
expected primary uses, fuel storage capacities, and frequency of trips for these aircraft are also indicated
in Table 2.2-5.

Table 2.2-5  Fuel Storage Capacity and Trip Information for Support Aircraft

. L Maximum Fuel _ .
Aircraft Type =~/ Purpose Tank Storage Trip Frequency or Duration
Capacity
(1) S_aa_b 349 B, Be_echc_raft 1900, Dash 8, or 9 bbl Approximately,one trip every three
similar fixed-wing aircraft for transport from 3 A
: g o (1.4 m°) weeks between Wainwright and Barrow
shore base to regional jet service in Barrow
(3) S-92 or similar helicopters for crew rotation 18 bbl Approximately 40 round trips/week
& aroceries/sunol 2.9 m) between shore base & prospect — approx.
g PPy : 3.0 hritrip
(1) S-92 or similar helicopter for search-and- 18'hbl Statl.or)ed n Ba}rr-ow— 49 hr/month for
rescue 2.9 proficiency training & trips made in
) emergency
- 9.1 bbl PSO overflights and ice reconnaissance;
(2) Gulfstream 690 Aero-Commander or similay (Aero-commander) |“both to occur daily when possible

! Similar model of aircraft may be contracted for these purposes
2.3 Drilling Units Mobilization, Schedule, and'Drill Site Preparation

Mobilization - Entry/Exitfrom the €hukchi Sea and Schedule

Each exploration drilling season the Discoverer drilling,unit will be mobilized under its own power , with
tug escort and the Polar Pioneer drilling unit will be towed to Dutch Harbor, Alaska or directly to the
Burger Prospect. The ice management andanchor handling vessels, and other support vessels will transit
from their homeportsper other locations where they are working, to Dutch Harbor, at approximately the
same time as the drilling units.

In accardance with 33 CFR 151, Subpart Bysthe drilling units and foreign support vessels will undergo
one ‘or more,complete mid-ocean ballast water exchanges before entering U.S. waters or the Alaska
Captain of the Port Zone (COTPZ) from another zone to prevent the unintentional introduction of non-
native species into, the Chukchi Sea. Prior to transiting to the Burger Prospect ,the drilling units and
support vessels will undergo loadout and refueling and will undergo BOEM, U.S Coast Guard (USCG),
and Det Norske Veritas,inspections as well as inspection for U.S. Customs requirements, such as the
purging of foreign food‘materials.

The schedule for exploration drilling activities in the Chukchi Sea will depend on ice conditions and other
factors. Both drilling unit(s) and their supporting ice management vessels, anchor handlers, OSV, OST
and OSR fleet will transit through the Bering Strait into the Chukchi Sea no earlier than 1 July. The 1 July
date for entry into the Chukchi Sea is in accordance with USFWS requirements in the LOA, and NMFS
requirements in the IHA under the MMPA. The July entry is also responsive to concerns voiced by the
local communities of Wainwright and Point Lay; these communities have requested that entry into the
Chukchi Sea be delayed until after the walrus and beluga whale hunts. PSOs will be onboard transiting
vessels while in the Bering and Chukchi Seas. Approximate travel routes for mobilization of the drilling
units and support vessels from Dutch Harbor through the Bering Sea and Chukchi Sea to the Burger
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Prospect are indicated on Figure 2.2-1. The vessel route reflects Shell’s commitment to avoid transit of
any part of the Ledyard Bay Critical Habitat Unit (LBCHU) by operational marine traffic. Exploration
drilling is expected to commence no earlier than 4 July.

Exploration drilling activities will continue until on or about 31 October, depending on ice and weather
conditions. The drilling unit(s) and associated vessels will then exit the Chukchi Sea along approximately
the same route they used for entry. Shell may elect to also construct one or more MLCs or upper hole
segments (partial holes) in the drilling season. Partial wells are those where a portion of the well
construction is completed in one year, but not the entire well to the objective depth. This could be the
result of approaching hazard(s) that force cessation of exploration drilling operations prematurely, or a
lack of time before the end of the drilling season to complete lower portions‘of the well. After suspension
per BSEE regulations, the part of the well that has been completed does not have to be re-drilled the
following drilling season. This capability would allow the operator the ability to re-enter the well during
favorable operating conditions in the following drilling seasons. This means that evaluating the reservoir
at the drill site during the subsequent drilling season(s) would take less time leaving the remainder of the
drilling season available to drill at other approved drill sites¢ It is\noted that this occurred in two of the
three drilling seasons during the 1989-1991 exploration drifling campaign in the Chukchi Sea. Both wells
were drilled to the objective depth and all required dataollected in the following drilling Seasen.

If a well cannot reach objective depth by the end of the exploration‘drilling season, drilling of that well
will be finished in a subsequent year or the well will be permanently abandoned as per BSEE regulations
prior to lease termination. Any exploration well on which exploration drilling operations are suspended at
the end of the drilling season will be secured in,compliance with BSEE,regulations and with the approval
of the RS/FO.

All wells will be plugged and permanently abandoned-in accordance with BSEE regulations. The only
exception to this plan involves the inability to return tothe drill site_following an emergency evacuation
due to an approaching hazard.sueh,as ice. If a well'cannot be permanently abandoned due to ice, it will be
properly suspended per BSEE “approval before the drilling unit evacuates. At the beginning of a
subsequent drilling season, the drilling unit may return to the drill site to permanently abandon the
unfinished well or continue exploration drilling/evaluation of the well.

Mooring of the Drilling Units

Each drilling unit will'be positioned and moored over the drill site with its system of eight anchors with
the support of the anchorhandlers. Anchers for the Discoverer are typically pre-set before the drillship is
moved- into, position; the Polar Pioneer carries its own anchors and is conventionally moored. Mooring
analyses indieate that all planned anchor locations are within a 3,608 ft (1,200 m) radius of the drilling
unit. Dimensions,of the anchors are provided in Table 2.3-1.

The anchors are embedment-type anchors and therefore designed to penetrate the seafloor to the depth of
the anchor and drag-through the seafloor sediments for a distance two or three times the anchor length
itself before becoming firmly set in the seafloor. Setting the anchors and subsequent anchor removal
disturbs the seafloor and commonly leave a depression on the seafloor. The anchor chain will also be
dragged along the seafloor creating a trough equal to the dragged chain length. The total disturbed area
for each anchor placement is the sum of the area disturbed by the anchor plus the area disturbed by the
chain. The dimensions of these disturbed areas vary with the size of the anchor, the length of the anchor
chain and the consistency of the seafloor sediments. The expected dimensions of the area disturbed by a
single anchor and the volume of sediments that might be displaced by each anchor are provided in Table
2.3-1. Expected or average dimensions of the area disturbed by anchors resulting from Shell’s
exploration drilling program are provided in Table 2.3-2, assuming that all eight anchors are set once per
location.

Environmental Impact Analysis
Shell Chukchi Sea Exploration Plan Revision 2 2-16 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

Table 2.3-1  Dimensions of Drilling Unit Anchors and Potential Anchor Disturbed Area

i Total Disturbed
Anchor Anchor | Anchor Line Total
Weight* ) Anchor | Est. Anchor Disturbed Length Surface Area | Disturbed
Width | Length | Penetration Lenath Volume
g (on seafloor) | Anchor + chain)
33,000 Ib. | 225ft. | 20.9ft. 12.6 ft. 62.6 ft. 1,100 ft. 2,510 ft.? 696 yd*
(15,000 kg) | (6.9m) | (6.4 m) (3.8 m) (19.1m) (335.2 m) (233 m?) (532 m?)
* This is the anticipated weight of each anchor and was utilized in Section 4.0 impacts assessment
2Disturbed length is based on the anchor length x 3.0
® Mooring analyses indicates grounded length of 780-1,100 ft. (238-335 m)
Table 2.3-2 Estimated Seafloor Area Disturbed by Mooring the Drilling Unit
Time Period | Drilling Unit | Anchors Total Anchor Disturbed Area jotal Arl?gﬁjrm[éisturbed
Discoverer 8 18,267 ft2 | 0@ac | 1,697m* | 3,501 yd’ 2,667 m’
Per Well
Polar 2 2 3 3
pi 8 20,078 ft. 0.5ac 14,865'm 5,571yd 4,259 m
ioneer
Discoverer 642 146,133 ft.> | 3.4ac [ 185576 m? | 28,011yd® | 21,416 m®
Per Program* Polar
Pioneer 642 160,624 ft2nl. 3.7ac | 14,923 m? [ 44,565 yd® | 34,072 m®

! Program refers six drill sites in EP Revision 2
2 Anchor total includes contingency for re-setting 16 anchors, if necessary

Wet Storage of Anchors for the Containment System Barge

The containment system‘barge will he moored in Kotzebue Sound and would be mobilized to the Burger
Prospect if needed; however; the anchors for the barge may be wet stored in the Burger Prospect during
the exploration drilling season. The ancher. system consists of eight 7MT Stevshark MK5 anchors and one
25.3 MT Stockless.anchor. The anchors may bestranSported to the prospect and stored on the seafloor
after the drilling units are,moored, and may be removed at the end of the drilling season. The storage
location will be at one of Shell’s approved drill sites, where a shallow hazards survey and archaeological
assessment has been conducted:

MLC Construction

A MLC will be‘constructed at each drill site. The MLCs will be constructed in the seafloor using either a
large diameter bit*(disk harrow) operated by hydraulic motors and suspended from the Discoverer or
Polar Pioneer or with:a tooléon a remotely operated vehicle (ROV) herein referred to as the MLC ROV
system (described below). Approximate dimensions of the resulting MLCs are presented below in Table
2.3-3. The MLC constructed by the MLC ROV System is larger than that of a conventional bit because of
the differing technology involved.
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Table 2.3-3  Dimensions of MLCs Planned for Chukchi Sea Drill Sites
Equipment Length Width Surface Area * Depth Volume ?
MLC Bit 21 ft 21 ft 1,075 ft? 40 ft. 3,703 bbl
(6.4 m) (6.4 m) (100 m2) (12.2 m) (770 yd3) (589 m3)
MLC ROV 195 ft 59 ft 10,7634 ft2 40 ft. 27,197 bbl
System (59.3m) (18.0m) (1,069 m2) (12.2 m) (5,642 yd3) (4,4323 m3)

! Estimates for MLCs with Discoverer and Polar Pioneer (MLC Bit) include some widening in the upper part of the MLC
2 Estimates for MLCs with Discoverer and Polar Pioneer Include 50% washout

The purpose of the MLC is to ensure that the top of any portion of the wellhead and BOP is located below
the maximum ice keel gouge depth. Shallow hazards surveys (GEMS2009; Fugro GeoConsulting, Inc.
2010a,b,c,d,e,f; Fugro GeoConsulting, Inc. 2011a,b) conducted in thedarea ofithe planned exploration drill
sites in the Burger area, indicate that the observed ice gouge «©ccurrence ranges from infrequent to
pervasive depending on the drill site, with a maximum observed depth of about 5:0 ft. (1.5 m) below the
seafloor.

The area of seafloor that would be directly disturbed by excavation of MLCs for one well and for the
exploration drilling program, are provided below in Table 2:3-4, along,with the total volumes of sediment
that would be displaced. The sediments will be discharged on, or near the surface of the seafloor at the
drill site.

Table 2.3-4  Estimated Seafloor Area Disturbed,Directly by MLC Caonstruction
Time Period Equipment | MLCs | Total SedimentVolume Displaced Total Seafloor Disturbed®
MLC Bit 1 3,703 bbl 770yd®). 589 m® | 1,075ft?| 0.02ac | 100 m?
Per el Ssem Y 27,197 bbl\), 5656 yd® | 4,323 m® | 11,502 ft* | 0.26 ac | 1,069 m?
Drilling MLC Bit 6 22,218 bbl | 14,620 yd® | 3,534 m® | 6,450 ft* | 0.12ac | 600 m?
Program gA;/IEt%nEOV 6 | |163182bbl | 33933¥d° |25944 m® | 69,011 ft* | 1.58 ac | 6,431 m?

! The total seafloor disturbed by the MLC Bit brsthe MLLC ROV/System considers some widening.

The MLCROV System

The MLC,ROV system provides a mechanical means to implement an MLC from an ROV rather than
fronm a drill rig. The MLC ROV, system would use implements such as an excavator bucket, a rotating
cutter, auger, drill, rock hammer on the ROV sled. The intention of the use of the MLC ROV system is to
ultimately removesMLC construction from the work stream of the drilling units in the future, to allow
more time for drilling, in lower well intervals. Use of a MLC ROV system would require an additional
OSV type vessel from which‘the ROV would be transported, deployed and operated. Photographs of
some systems that could be used as the MLC ROV system are provided below. The MLC ROV system is
approximately 26 ft. (8.0'm) long x 21 ft. (6.3) m wide x 16 ft. (5.0) m high.

Photograph MLC ROV Systems
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Drilling

Standard rotary drilling technology and water-based drilling fluids will be used for the exploration
drilling. The geologic formations and fluids within each wellbore will be evaluated with down hole
techniques, including mud LWD (logging while drilling), and EWL (electric wire line) logging. The EWL
program will involve lowering sensors down the wellbore with a cable that will relay data back to surface
instrumentation with data being recorded in a “log.” The LWD and EWL tools may include both electric
and radioactive logs. The wells will not be flow tested and no oil or gas will be produced. Once the
exploration well is drilled to its final total depth and logging (Zero-Offset Vertical Seismic Profile) ZVSP
survey program)is finished, it will be permanently plugged and abandonedsin accordance with BSEE
regulations (30 CFR 250.1712-1717).

2.4 Vertical Seismic Profiling

Shell plans to conduct a geophysical activity referred to as a vertical seismic prefile (VSP) at each drill
site. During VSP operations, an air gun array, which is typically-much smaller than'those used for routine
seismic surveys, is deployed at a location near or adjacentdo the drilling unit, while receivers are placed
(temporarily anchored) in the wellbore. The sound source (air gun array) is fired, and the,reflected sonic
waves are recorded by receivers (geophones) located«n the wellbore. Bhe geophones, typically a string of
them, are then raised up to the next interval in the wellbore and the process is repeated until the entire
wellbore has been surveyed. The purpose of the VSP is to“gather geophysical information at various
depths in the well, which can then be used. to tie-in or ground-truth geophysical information from the
previously acquired 2D and 3D seismic surveyswith geological data‘collected within the wellbore.

Shell would likely be conducting a particular form of"\SP referred to.as ZVSP surveys, in which the
sound source is maintained at a constant location\near the wellbore (Figure 2.4-1). Shell may use one of
two typical sound sources: 1) a three-air gun array.consisfing of three. 450 in® (2,458 cm®) air guns, or 2) a
two-air gun array consisting.offtwo.250 in® (4,097 ¢i®) air guns, The air guns can be activated in any
combination and Shell would utilize, the minimum) volume required to obtain an acceptable signal.
Specifications for the maximum volume of the array are provided in Table 2.4-1. Typical receivers would
consist of a standard‘wireline,four-level vertical seismiciimaging (VSI) tool, which has four receivers 50
ft. (15.2 m) apart.

&

Figure 2.4-1¢ Schematic of ZVVSP Survey

SOUTRC§&
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Photograph 3-Air Gun Array in Sled

Table 2.4-1  Sound Source (Air Gun Array) Specifications forPlanned ZVSP Surveys
Source Number of Max. Total Zero-Peak Sound Pressure

Type Sources Chamber Size Rressure Source Depth Level
3) airguns | 450 in® 3,000 psi 241 dB relpyPa @1m

,SAlfrgve ©) g- 3 3 P 23 ft. (7.0 m) uPa @

y (3) 150 in 7,374 cm 207 bar
Sleeve (2) airguns | 500.in3 3,000 psi

23 ft. (7.0 m 239 dB relpyPa @1m

Array (2) 250in° 48,194 cm? 207 bar (7.0 m) hPa @

WPa — micro Pascal

dB — decibel

psi- pounds per square inch

A ZVSP surveysisitypically conducted at each-well after total depth is reached but may be conducted at a
shallower depth. For-eachywell, the seund source (air gun array) would be deployed over the side of the
Discoverer or Polar Pioneer with a crane. The sound source will be positioned 50 to 200 ft (15 to 61 m)
from_the wellhead (depending on crane location), at a depth of 23 ft (7 m) below the water surface.
Receivers'will, be temporarily ‘anchored inthe wellbore at depth (Figure 2.4-1). The sound source will be
pressured upto 3,000 psi, and activated 5 to7 times at approximately 20-second intervals. The receivers
will then be movedito the next interval of the wellbore and re-anchored, after which the air gun array will
again be activated's to7 times. /This process will be repeated until the entire well bore has been surveyed
in this manner. The interval between anchor points for the receiver array is usually 200 to 300 ft (61 to 91
m). A typical ZVSP operation takes about 10 to14 hours to complete depending on the depth of the well
and the number of anchoring points.
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2.5 Exploration Drilling Operations and Logistics

Shore base facilities and logistics such as crew rotation, refueling, and resupply are addressed below.

Air Support Shore base Facilities at Barrow
Primary shore base facilities for air support will be located in Barrow, and will consist of:
e An existing 75-man camp with new KDR unit
e A planned 40-man camp
e An existing passenger processing facilities to be expanded
e Shell helicopter hangar
e Cape Smythe helicopter hangar
e Pilot office
e Rental housing for air crews
e Rental of blocks of hotel rooms

Primary shore base facilities for air support will be located in Barrow at the state-owned and operated
Barrow Wiley Post Will Rogers Memorial YAirport (Barrow Airport), The Barrow Airport has a 6,500 x
150 ft (1,980 x 46 m) paved runway, hangar and,service facilities, passenger terminal, and jet service.
Shell will house the crew change and SAR helicoptersiat.the Shell hangar and the Cape Smythe hangar at
the Barrow Airport (Figure 2.5-1). Space is leased at the airport to serve as a pilot office (Figure 2.5-1).
Helicopter crews will be housed at rental properties (approximately.eight houses) in Barrow. A passenger
processing facilities for processing,offshore crews has been established at the airport (Figure 2.5-1), and
will be expanded. The expansion‘would consist of four adjoining’buildings totaling approximately 2,200
ft.? (204 m?). The expansion would adjoin the existing passenger facilities (Figure 2.5-2) and would be
located on previously developed lands adjacent to ‘the qairport and controlled by Federal Aviation
Association (FAA). The facilities willybe constructed and operated by Ukpeagvik Ifiupiat Corporation
(UIC) and leased.to_Shell. No State or Federalypermits are required. The expansion will be permitted
with the NSB?

Shell has an existing 75-man eamp for housing offshore crew that cannot fly out the same day they arrive.
These‘eonsist of skid-mounted modular buildings and are located on an existing pad located in the Naval
Arctic Research Laboratory (NARL) area (Figure 2.5-3) approximately 4.0 mi (6.4 km) from the center of
Barrow. Shell plans to expand the camp by adding a KDR unit, a unit with the capability to provide
meals for up t0°200 people. The KDR unit is approximately 166 ft. long by 64 ft. wide and will be
installed on an existing, pad atthe southwest corner of the existing accommodations (Figure 2.5-4). The
KDR unit will be placed en.mats and dunnage on the existing pad material (sand/gravel). After the KDR
unit is set, gravel will be hauled in and mixed with the beach sand in the driveway area of the pad along
the back and end of the/KDR over 14,375 ft.? (0.33 ac) of the existing pad to stabilize the new driving
area (Figure 2.5-4). The existing 75-man camp has been permitted with the NSB with a Development
Permit and a fill permit. The KDR will be permitted by the SOA Fire Marshall and the existing
Development Permit with the NSB will be revised to show the addition of the KDR unit to the pad with
the 75-person man camp. No State or Federal permits were required.

Accommodations at the 75-man camp will be augmented by leasing an additional existing 40-man
construction camp owned by UIC. UIC will re-locate 40-man camp from its existing location in Barrow
to a similar sand pad constructed by the U.S. Navy in 1940’s as indicated in Figure 2.5-3. The existing
pad is also located in the NARL area about 0.75 mi (1.2 km) from the 75-man camp. The modular
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accommodations owned by UIC are currently unused and reside in Barrow. They would be moved to the
pad and installed on through pad pilings. Permitting of this facilities is not Shell’s responsibility as the
facilities are not Shell’s; Shell will lease the facilities once installed at the new location. The KDR would
service both man camps and overflow facilities. The shore base is expected to be staffed by 6-7 local
hires.

Black water (sewage) and gray water (showers, kitchen) from the two camps will be held in holding tanks
at each site. Based on camp occupancy of 100 percent capacity, and average per capita waste generation
factors provided by the local utility, Shell expects to generate about 23,000 gal of combined black water
and gray water wastes per day. These wastes will be picked up by the NSB with their routine service and
treated in their waste water plant. These wastes generated by camps withftemperary population of 115
persons, will not tax Barrow’s municipal wastewater treatment system, which accommodates a population
of over 4,000 people, and consists of a series of large water treatmentdagoons.

Household trash from the camps will be stored in bear proof containers or areasyThese household wastes
will be transported to the NSB Landfill for disposal. Shell estimates,, based on.2012 Barrow operations
and accounting for the additional planned camp accommogdations, that the two man camps may generate
up to 600 cu yd. (153 m®) of household trash per seasofl, which represents less than 1:3 percent of the
average annual volumes disposed of at the landfill.

Non-household waste generated at the camps will be stored ‘in a20-ft (6.1*m) shipping container set up as
a waste accumulation area located behind the primary camp. The accumulation area will hold any
hazardous, non-hazardous and liquid wastes. All of Shell’s“Barrow facilities are operated as a
Conditionally Exempt Small Quantity Generatorsiof Hazardous waste by,the EPA, and therefore a permit
is not required and hold times do not apply: These wastes will be transported out of the Arctic and
disposed of at licensed facilities.

Marine and Air Support Shore:Base Facilities at Wainwright

Primary shore base facilities for marine support will be located in Wainwright, and will consist of:
o Leased existing accommodations for up to 55 persons at the Olgoonik Field Services Camp
e An existing secure 100 ft: X300 ftoyard leased from Olgoonik Oilfield Services
o Additional‘existing 150 ft. x 200 ft. camp pad

Shore base facilities for<marine support. will be established in Wainwright for the duration of the
explorationydrilling program. The marine support shore base facilities in Wainwright will be used as a
base for shuttling materials and erew changes between land and the drilling units, and the shore base and
OSR support vessels. Marine access may be accomplished by a relatively shallow draft vessel and OSR
workboats. There currently are no docks in Wainwright and no new docks are planned for this exploration
drilling program. There are two earthen boat ramps (at the lagoon and at the lagoon entrance) connected
to the village by gravel reads'that would be used for marine access and support by shallow draft vessels.
The primary ramp would be the lagoon ramp, and the primary use of the ramp would be to support OSR
training. Lift and hoisting equipment would be installed near the ramp with a boom truck, fork lift, and
smaller pieces of equipment.

Shell will reserve rooms for up to 55 persons at the existing Olgoonik OQilfield Services Camp in
Wainwright (Figure 2.5-5). Shell’s OSR group will be housed and fed at these facilities. Shell may utilize
these rooms to accommodate certain contingencies such as Shell conducting crew changes through
Wainwright, or conducting onshore environmental studies in the area. At this time this would involve
only the potential reservation of additional rooms. Construction of new facilities or expansion of existing
facilities at Wainwright is not planned at this time.

Environmental Impact Analysis
Shell Chukchi Sea Exploration Plan Revision 2 2-22 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

With the exception of food waste from the camp kitchen, all wastes generated at the Wainwright camp
will be containerized and transported out of the Arctic to an approved disposal facilities. Food wastes
from the kitchen will be disposed in the Wainwright landfill. This waste handling approach will minimize
the impact to the community, including the landfill. Based on water usage information provided by the
ADEC website, it is estimated that the response group will generate less than 200 gallons of black water
and gray water (combined) per day on average. This equates to approximately 2.0 percent of the estimated
average generation rate for the entire village, based on a 2012 population of 575.

An existing secure yard approximately 100 ft. x 300 ft. owned by Olgoonik Corporation has been leased
from Olgoonik Oilfield Services (owned by Olgoonik Corporation) for storage of OSR equipment and
load staging for the marine vessels in Wainwright. An additional existing 150xft. x 200 ft. yard space
approximately will be leased from Olgoonik Oilfield Services for additional response equipment storage
arriving in summer of 2014.

All wastes generated at the Wainwright OSR Yard will be containerized and transported out of the Arctic
to an approved disposal facilities. These actions taken by Shell with respect to, waste handling will
minimize the impact to the community, including the landfill.

The airstrip in Wainwright will also be utilized for rotating, OSR personnel in and out of Wainwright. The
Wainwright airstrip is gravel, 4,494 x 90 ft. (1,370 x 27 m), and maintained year round.

Crew Rotation

The offshore crews will work a schedule of#21 days of work (or longer) followed by 21 days off (or
longer). They will be transported to the shore baseyby helicopter at theend of each 21-day (or longer)
shift. Crew rotation will be staggered. Approximately 40yhelicopter round-trips per week are anticipated
between the marine shore base facilities and the'drill sites. Off=shift crewmembers will be transported by
a fixed-wing aircraft from the shore base facilities todAnchorage ‘or Fairbanks, using commercial and
chartered flights.

Refueling

Extra fuel for offshore exploration drilling operations will be brought into the Chukchi Sea on the OST.
Refueling of the drilling units‘willdoe accomplished.by lightering fuel between the OST and the drilling
units with a support vessel. Refueling of each drilling unit may be required an estimated 3-5 times during
each expleration drilling season. Refueling will be vessel-to-vessel in accordance with USCG regulations,
BOEMdLease Stipulation 6, and Shell’s Fuel Pransfer Plan (FTP). Although BOEM stipulation number 6
requires pre=booming of the vessels for fuel transfers of 100 bbl or more, Shell will pre-boom during all
fuel transfers per Shell’s Fuel Transfer Plan.

Resupply

Exploration drilling requiressiumerous types of supplies such as drill pipe, dry drilling fluid chemicals,
bulk cement, casing, drill eollars, drill bits, etc. The drilling units can hold most of the supplies required
for one well plus somezadditional spare materials and supplies. Additional supplies will be brought to
each drilling unit by the OSVs as required. A total of about 30 round-trips between Dutch Harbor and the
Burger Prospect with the OSVs will be required during an exploration drilling season. Some supplies may
be brought to the shore base via fixed-wing aircraft and transferred to the drilling units or offshore vessels
via helicopter. The helicopter trips necessary to transport supplies are included in the estimate of
approximately 40 total helicopter round-trips per week between the prospect and the shore base. Resupply
and crew transport for OSR support vessels will be accomplished primarily using the Nanuq (or similar)
to transport the crews to the drilling units or other vessel with a heli-deck for helicopter transport to the
shoreline. The locations of vessel routes to and from the shore base are indicated in Figure 2.2-1.
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Figure 2.5-1

156°48'W

Point Bal

Browerville

71917'30'N

UT22NR18!

arrow Regiona

\%

| Area

71°17'N

Environmental Impact Analysis

UT2INRI7W

Barrow Air Terminal Facilities Locations

156°47'W

Cape Smythe
' Hangar (ERA)

156°46'W 156°45'W

Lower Isatkoak
Lagoon

@ SHELL

BARROW HANGAR AND
PASSENGER PROCESSING FACILITY
ENVIRONMENTAL IMPACT ANALYSIS
CHUKCHI SEA EP REVISION 2
Revised December 2013

SCALE:

Digital Globe 8/1372012 WV02 Imagery 9 125230 900 730 Feet

Mercator Projection: Standard Latitude 71 Deg N

71°1730'N

711N

Shell Chukchi Sea Exploration Plan

2-24

Revision 2 August 2014



Environmental Impact Analysis DRAFT

Shell Chukchi Sea Exploration Plan Revision 2

Figure 2.5-2  Barrow Passenger Processing Facilities Expansion Diagram
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Figure 2.5-3  Barrow Man Camp Locations
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Figure 2.5-4 Layout and Planned Expansion of Shell’s Existing 75-Person Man Camp A
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Figure 2.5-5 Wainwright Camp Location A
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The SAR helicopter will be stationed and serviced in existing facilities at the Barrow Airport. The crew
change helicopter will also be stationed at the Barrow Airport. Offshore crewmembers will be transported
to shore at Barrow or sometimes at Wainwright via the crew change helicopter. Crews will be transported
from shore to Anchorage via a mix of commercial and chartered fixed wing aircraft.

2.6  Drilling Fluids and BOP Fluids

Drilling fluids will generally consist of untreated saltwater with gel/polymer sweeps for the MLC (by
conventional bit) and the conductor and structural casing sections (Table 2.6-1). After the marine riser
and BOP are established, the lower intervals will be drilled using water baseddrilling fluids (Table 2.6-2).
Three basic drilling fluids will be used: 1) gel polymer sweeps / weightéd gel\. polymer fluid for the
upper well sections; 2) KLA-SHIELD inhibitive water based fluid forfthe lower well sections; and, 3)
water based abandonment fluid for the end of well. Base fluid components; additives, and contingency
additives for these base fluid types are indicated in Tables 2.6-1¢2.6-2, and 2.6-3. In addition to these
components potassium chloride (KCL) is considered a contingent fluid that could,be added to the water
based spacer fluids pumped ahead of the cement when cementing.

Table 2.6-1  Gel/Polymer Sweeps/Weighted Polymer FldidhComponehts

Generic Description Product Name Maximum Concentration
BASE FLUID
Biopolymer DUQVIS 5 1b./bbl
Bentonite M-I GEL 35 Ib./bbl
Bentonite extender GELEX 0.05.1b:/bbl
Polyanionic cellulose Polypac'Supreme UL 5 Ib.7bbl
ADDITIVES
Crushed nut hulls [ NUT PLUG "1 20 Tb./bblI
CONTINGENCY PRODUCTS
Barite M-T WATE 160 Ib./bbl
Defoamer DEFOAM-X 0.3 1b./bbl
Dye Sodium Fluoresceine Green Dye | 0.5 gal/bbl in seawater
Caustic soda stock product 8 1b./bbl
Citric acid stocksproduct 5 Ib./bbl
Sodium acid pyrophesphate (SAPP) stock product TBD
Soda ash stock product 13 Ib./bbl
Biocide Busan 1060 0.4 Th./bbl
NaCl brine Sodium chloride brine 100 Ib/bbl
Hydrogensulfide scavenger SAFE-SCAV HS 0.1 Tb/bbl
Surfactant SCREENKLEEN 2% viv
Lubricant DRILLZONE 7% viv
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Table 2.6-2  Components of the KLA-SHIELD Inhibited Water Based Mud (WBM)
Generic Description Product Name Maximum Concentration
BASE FLUID
Soda ash stock product 12 Ib./bbl
Acrylic polymer IDCAP D 5 Ib./bbl
Shale/clay inhibitor EMI-2009 20 Ibs./bbl
Shale/clay inhibitor KLA-STOP 20 Ibs./bbl
Biopolymer DUOVIS 2 1b./bbl
Biopolymer Flowzan 2 Ib./bbl
Polyanionic cellulose POLYPAC SUPREME UL 5 Ib./bbl
Sodium hydroxide Caustic Soda 8 Ib./bbl
Barite M-I WATE 160 Ib./ bbl
Sodium chloride in brine Salt/NaCl 100,Ib./bbl
ADDITIVES
Copolymeric shale stabilizer POROSEAL 19 Ib'/bbl
Deflocculant CF Desco®l| 4 1b./ bbl
Sodium bicarbonate stock product 10 Ib./bbl
Citric acid stock product 4 1b./bbl
Liquid defoamer DEFOAM-X 0.3 Ib./bbl
Liquid defoamer DF-9065 0.3 Ib./bbl
Crushed nut hulls NUT PLUG MED 40 Ib./bbl
Crushed nut hulls NUTPLUG FINE 40 Ib./bbl
Vegetable, polymer fiber blend MI SEAL 40 Ib./bbl
Cellulose fiber MIX\II Fine 25 Ib./bbl
Cellulose fiber MIXTH MED 25 Ib./hbl
Graphite G-SEAL 10 Ib./bbl
Calcium carbonate SAFECARB-20 200 Ib./bbl
Calcium carbonate SAFECARB-40 200 Ib./bbl
Calcium carbonate SAFECARB-250 200 Ib./bbl
Sodium chloride stock product 100 Ib./bbl
Resinated lignite RESINEX 10 Ib./bbl
Sulfonated-@sphalt ASPHASOL SUPREME 8 Ib./bbl
CONTINGENCY PRODUCTS
Mixture FORM-A-BLOK 40 Ib./bbl
Cellulose FORM-A-SET AK Formulation pill
Zinc oxide Sulf-X 2.5 Ib./bbl
Biocide Busan 1060 0.4 Ib./bbl
Mixture Pipelax ENV WH 4% viv
Mixture LUBE 945 3% viv
Mixture CLEAN SPOT 4% viv
Surfactant SCREENKLEEN 2% viv
Lubricant DRILLZONE 7% viv
Mixture SAFE-SCAV HS 0.1 Ib./bbl

1 Source: Shell drilling fluids plan for the Chukchi Sea (MI Swaco 2013)
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Table 2.6-3  Components of the Abandonment Fluids

Generic Description Product Name Maximum Concentration
BASE FLUID
Soda ash stock product 12 Ib./bbl
Biopolymer DUOVIS 2 lb./bbl
Sodium hydroxide Caustic Soda 8 Ib./bbl
Barite M-I WATE 160 Ib./ bbl
Sodium chloride in brine Salt/NaCl 40 Ib./bbl
Corrosion inhibitor Congor 404 0.5 Ib./bbl
Hydrogen sulfide scavenger SAFE-SCAV HS 0.1 Ib./bbl
Oxygen scavenger Sodium Metabisulfite 0.5 Ib./bbl
ADDITIVES
Acrylic polymer IDCAP D 5 Ib./bbl
Shale/clay inhibitor KLA-STOP 200bs./bbl
Polyanionic cellulose POLYPAC SUPREME UL 5 1b:/bbl
Copolymeric shale stabilizer POROSEAL 19 1h./bbl
Deflocculant CF Desca’ll 4 1b./hbl
Sodium bicarbonate stock product 10 Ib./bbl
Citric acid stock product 4 Ib./bbl
Biocide Busan 1060 0.4 Ib./bbl
Liquid defoamer DEEOAM-X 0.3 Ib./bbl
Calcium carbonate SAFECARB-20 200 Ib./bbl
Calcium carbonate SAEECARB-40 200 Ib./bbl
Sodium chloride stockiproduct 100 Ib./bbl
Resinated lignite RESINEX 8 Ib./bbl
Sulfonated asphalt ASPHASOL SUPREME 8 Ib./bbl
CONTINGENCY PRODUCTS
Sodium bromide brine 1 NaBr | 212 Ib./bbl

1 Source: Shell drilling fluidsfplan for the Chukchi Sea (MI Swaco 2013)

The BOP fluid will be a mixtureof fresh water,(~45%), concentrate (~5%) and monoethylene glycol
(~50%). ThesConcentrates may ‘contain, but are“not limited to, Stack Magic, Erifon HD603, and/or
Pelagic.

2.7 Waste Management

The types and volumes of wastes that will be generated as a result of the exploration drilling program are
described below by'the method of disposal. Shell plans to use only water-based drilling fluids (mud).

Drilling Wastes

Drilling wastes as defined here include drill cuttings with adhered drilling fluids and bulk mixed drilling
fluids. Drill cuttings are the geologic or earthen materials that are pulverized by the drill bit and brought
to the surface by the circulating drilling fluids. Drill cuttings are chips of naturally occurring rocks
including clays, limestone, shale, siltstone and sandstone and other benign materials that pose no harm to
the environment. At the surface, the cuttings are separated from most of the drilling fluids with shakers,
de-sanders, and de-silters, although some fluids remain adhered to the cuttings. Drilling fluids will be
recovered, reconditioned, and reused when practicable; however, it is expected that all mixed drilling
fluids in the reserve pit plus the circulating volume (total of approximately 1,500 bbl for the Discoverer,
2,427 bbl for the Polar Pioneer) will be discharged at the end of each well.
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Volumes of drilling fluids and drill cuttings that would be generated and discharged per well were
estimated based on planned wellbore volume, anticipated washout percentage; adhered drilling fluids on
cuttings; and experience in the 2012 drilling season. Actual volumes will vary due to the specific geologic
materials encountered and drilling practices. The volumes expected to be generated and discharged are
indicated in Tables 2.7-1 and 2.7-2. Volumes will also differ depending on what technology is used at the
particular well for MLC construction. If the MLC ROV system is utilized, the MLC is of greater
dimensions so the cuttings volume will be greater; however, the MLC ROV System does not require gel
sweeps.

Table 2.7-1  Estimated Volume of Drill Cuttings Generated at Each Drill Site

Portion of | Burger A’ Burger F Burger J Burger R Burger S Burger V
Well (bbl) (bbl) (bbl) (bbl) (bbl) (bbl)

Upper wel

(top hole) ! 5,007 5,006 5,089 5,003 5,005 5,089
Lower well | 1 o5p 1,043 915 1,077 1,074 1,153
Total 6,059 6,049 6,005 6,080 6,079 6,242

Volume of Cuttings if the MLC ROV System is Used for the MLC

Upper wel

(top hole) ! 5,007 28,501 28,584 28,498 28,500 28584
Lower well | 1 o5p 1,043 915 1,077 1,074 1,153
Total 6,059 29,544 29,499 29,505 29,574 29,737

 Upper well section drilled in 2012 season
2 In addition to the cuttings and fluids, the drilling wastes diséharged as Discharge 013 would also include approximately 50 bbl of cement
% Burger A MLC already constructed using a MLC bit.

Table 2.7-2  Estimated Maximum Drilling Fluid Discharges at,Each Drill Site

T : Burger A Burger F Burger J Burger R Burger S Burger V
Adhered & batch™ 9,345 9,307 8,752 9,473 9,463 9,943
Reserve tank ° 2,427 2,427 2,427 2,427 2,427 2,427
Total 11,772 11,734 11,179 11,900 11,890 12,370

Volume of Discharged Drilling Fluids ifthe MLC ROV System is Used
Adhered & batch ™ 9,345 8,468 7,912 8,633 8,623 9,103
Reserve tank ° 2,427 2,427 2,427 2,427 2,427 2,427
Total 11,772 10,895 10,339 11,060 11,050 11,530

1 Adhered fluids includes fluids‘adhered. to cuttings and.any discharged due to displacement / dilution; includes upper and lower well sections
2 Includes about 969 bbl of seawater
® Reservetankifluids to be discharged at end,of the well, tanksolume of Polar Pioneer used as volume slightly greater than the Discoverer’s

Drilling wastes will be discharged to ocean waters in accordance with the NPDES exploration facilities
GP. Dirilling wastes from the upper well sections, which include the MLC and other intervals prior to
installation of the marine riser, will be discharged at the seafloor via a seafloor pump as NPDES
exploration facilities"GPDischarge 013 (muds, cuttings and cement at the seafloor, Table 2.7-3). Drilling
wastes from the lower well sections (intervals drilled after marine riser connection) will be discharged to
the Chukchi Sea via the/disposal caisson as NPDES exploration facilities GP Discharge 001 (Table 2.7-
3). The disposal caisson on the Discoverer is a 15-in. (38-cm) diameter open pipe (no float valve) that is
welded to the sponson and extends from the main deck level down to a location 19.6 ft. (6.0 m) below
mean sea level. Because it remains open to the sea at all times, it is constantly filled with water. The
disposal caisson on the Polar Pioneer is similar but is approximately 16.0 in (40 cm) in diameter and
would discharge at a depth of approximately 28 ft. (8.5 m) below the surface. In addition to the drilling
fluids and cuttings, BOP fluids will be discharged (Discharge 006, Table 2.7-3) when conducting pressure
tests and function tests of the BOP, and excess cement and rinsate from the cement tank (Discharge 012,
Table 2.7-3) will be discharged after cementing each casing string and after setting cement plugs in the
wellbore during plugging and abandonment.
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Table 2.7-3  Estimated Drilling Waste Discharges at Each Drill Site

Drilling Burger A Burger F Burger J Burger R Burger S Burger V
Fluid (bbl) (bbl) (bbl) (bbl) (bbl) (bbl)
Discharge | 9,711 9,653 8,888 9,856 9,841 10,317
Dischage | 150 180 180 180 180 180
Dlgclhzagge 45 45 45 45 45 45
Dlgclgagge 9,037 8,175 8,341 8,169 8,173 8,341
Volume Discharged if the MLC ROV System is Used
D'g"lhsaEge 8,334 30,784 30,950 30,778 30,782 30,949

! Discharge 001 consists of drill cuttings, drilling fluids adhered to cuttings and any discharged<due toxdisplacement / dilution, and reserve tank
fluids to be discharged at the end of the well, tank volume of Polar Pioneer used as volume'slightly greater (2,427 bbl) than the Discoverer’s
(1,500 bbl), and about 969 bbl seawater

2 Discharge 001 will occur at a rate of approximately 81-88 bbl/hr. while drilling; the seserveitank of drilling fluids will be discharged at 1,000
bbl/hr.

® BOP fluids will be discharged at a rate of approximately 20 bbl/test, 3 function tests, 3 possible retests per well

* Discharge 012 consisting of cement and tank washwater; volumes based on cement tank size 5 bbl, discharged after each, of 6 casing strings and
cement plugs during P/A

® Discharge 013 consists of drilling fluids, drill cuttings, and excess cement'discharged at the seafloor before the marine riser is set

® Discharge 013 volumes vary with MLC technology as MLCs constructed with the MLC ROV,/System are larger in volume and use no sweeps

Shell has conducted dispersion modeling of the drilling waste discharges using the revised discharge
volume estimates for EP Revision 2. The results.of this modeling effortare discussed in Section 4.

Other Wastes Discharged at Sea

A number of other wastes will be generated by'the drilling-units,and,discharged to ocean waters. The
compositions, projected rates_and. projected volumesof these discharges are presented below in Tables
2.7-4 and 2.7-5. These discharges will be conducted in accordance with, and authorized under NPDES
exploration facilities GP, which contains a number, of conditions that place limitations on effluent
constituents and discharge rates, and mandate discharge monitoring and reporting. Volumes and rates
will differ between the twodrilling units because of the different numbers of persons on board, differing
equipment, and differing technologies. Food wastes from the drilling units will most likely be incinerated,;
however, they:€ould be'shipped out of the Arcticfor disposal if operations warrant.
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Table 2.7-4  Projected Non-drilling Wastewater Discharges — Polar Pioneer
N
: " . Treatment, Storage, and
exploration Composition Discharge Rate Season Volume' ; ' :
facilities GP Disposal
Discharge
(LjJ_nCﬁntarrgjmatedbwatgr
Deck drainage Uncontaminated 2 Iscnarged overboard, .
; 70 bbl/day 8,400 bbl contaminated water stored in
Discharge 002 fresh or seawater waste ol tank, transferred
by boat to TDS site
Sanitary Treated human . Discharged via disposal
wastewater body waste from 14.3 bbl/day 1,716 bbl caisson after treatment in
Discharge 003 toilets D
Domestic Gray water : :
wastewater flaundry, galley, 271 bbl/day * 32,520.bl g%%%%rged through disposal
Discharge 004 avatory)
Desalination unit | Rejected water - :
brine water from watermaker | 377 bbl/day 45,286\0bl gfg&ﬂged through disposal
Discharge 005 unit
Boiler Water and minerals )
Blowdown drained from boiler | 6 bbl/day 754 hbl Discharged overboard
Discharge 007 drums
Fire Control ]
\5/\3/’;%3{” Test éJegg\c/Jzﬂtearmmated 36 bhl/test 607 bbl® Discharged overboard
Discharge 008
Non-contact ; i
; Uncontaminated Discharged to water through
E)(}(s)tlzlr?gr g\]/éaé%rg seawater 21,385 bhl/day: 2,566,200 bbl a number of outlets
Uncontaminated : 719 bbl/day plus ; ;
ballast water éJegg\c/Jzﬂtearmmated 85,655 bbl when tHe | 171,935bbl © g%‘;ﬁﬂged through disposal
Discharge 010 drilling unit is moved
Treated in OWS,
Bil Seﬁwate[ that | gnc%ntaména_te% water |
ilge water colle€ts in,interna ischarged via disposa
Discharge 011 parts of'the drilling 714 bbl 85,714 bbl caisson, oily water stored
vessel hull aboard, transported by boat
to approved TDS

Note: TDS = treatment/diSposal/storage facilities, OWS = oily water separator, MSD = marine sanitation device
! Based on a season’of 120 days
2 Based on unrodfed deck surface and Chukchi Sea precipitation rates
® Based on 5:3 gallons per day (gpd) per petson, 114 POB

“ Based o100 gpd per person on board, 114 POB
® Based‘on 36 bbl/test, weekly tests for season duration
® Based on 719 bbl/day during drilling and ‘one time ballast of 85,655 bbl when rig is moved, total assumes one well, additional drill sites would

add 85,655 bbl each
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Table 2.7-5  Projected Non-drilling Wastewater Discharges — Discoverer
Type of Waste
NPDES » . ) .
exploration Composition Discharge Rate |Season Volume®| Treatment, Storage, and Disposal
facilities GP
Discharge

Deck drainage

Uncontaminated

Uncontaminated water discharged
overboard, oily water stored
aboard, transported by boat to

drilling.véssel hull

33 bbl/day ? 3,960 bbl

i fresh or seawater ' approved

Discharge 002 treatment/disposal/storage (TDS)
site
Sanitary Treated human . o :
Wastewater body waste from | 29.5 bbl/day® | 3,540 bbl Sgaarged via disposal caisson
; ' ' after treatment in MSD

Discharge 003 toilets
Domestic Gray water . D .
wastewater (laundry, galley, | 295 bbi/day 4| 35,400 bbl Dischargediyiadisposal caisson
Discharge 004 avatory)
Desalination unit | Rejected water . .
brine water from watermaker | 1,742 bbl/day 209,040 bb! gfg&?{ge‘j through disposal
Discharge 005 unit
Boiler Blowdown | Water and . .

. minerals drained 1.3 bbl/day 151 bbl (I?z;i%%%%rge‘j through disposal
Discharge 007 from boiler drums
gire ConTtroI

stem Test f
V\)//ater ;Jer;(\:,\cl){ﬂteéxrmmated 36 bbl/day 607 bbl Discharged directly overboard
Discharge 008
Non-contact
cooling water Uncontaminated 4 | 107:314 bbl/day GRaGnZ%eO%fO | Discharged to water through a
Discharge 009 seawater 55,200 bbl/day ® | 12,877 680 bbl number of outlets around the hull
Uncontaminated
ballast water Uncontaminated i 1 37915 bbl Discharged through disposal

. seawater ' caisson
Discharge'010

Treated in OWS, uncontaminated

Bilge water ggﬁ\é\ggeirnt?ﬁ%emm water discharged via disposal

. ts of th 754 bbl 90,514 bbl caisson, oily water stored aboard,
Discharge 011 parts,or tne

transported by boat to approved
TDS

Note: TDS = treatment/disposal/storage facilities, OWS = oily water separator, MSD = marine sanitation device
! Based on a season of 120 days
2 Based on unroofed deck surface and Chukchi Sea precipitation rates
% Based on 9 gpd/person and POB of 124

* Based on 100 gpd per person and POB of 124

®Based on 36 bbl/test, weekly tests for season duration

® Based on 107,314 bbl/day while drilling, 55,200 bbl/day non-drilling
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Support vessels will discharge domestic waste and sanitary waste to the sea after treatment per MARPOL
standards and requirements. Sanitary waste water will be treated in marine sanitation devices (MSDs) on
all vessels. Estimated volumes to be discharged are indicated in Tables 2.7-6. Each vessel has a U.S.
Coast Guard (USCG)-approved MSD. These vessels will also discharge other waste streams incidental to
the operations of the marine vessel (ex- non-contact cooling water, deck drainage, fire test water, etc.).

Table 2.7-6  Projected Vessel Wastewaters Discharge

raywater? Blackwater?
Vessel %Irzeé,y Graywate ackwate
bbl/day bbl/day
Ice Management Vessel (x2) 82 195 18
Anchor Handler (x3) 64 152 14
oSV (x3) 50 119 11
Science Vessel (x2) 50 119 11
Shallow Water Vessels (x2) 22 52 5
Support Tug (x2) 13 31 3
Supply Tug and Barge (x2) 11 26 2
OSRV 41 98 9
OSR Tug and Barge 15 36 3
(N)ST hore OSRT d £ = >
earshore ug an
Barge g 8 19 2
Containment Tug 11 26 2
Containment Barge 72 171 15

1 Based on total vessel berths as crew size (except ACS vessels\which is actual crew size)
2 Based on 100 gal/crew/day graywater and 9 gal/crew/day blackwater;,these are rates per vessel

Environmental Monitoring at Drill Sites While Drilling

As part of the requirements under the NPDES exploration fagcilities GP, Shell will conduct an
Environmental Monitoring Program, (EMP) that meets the objectives in the permit AKG-28-8100. The
specific details around this monitoring program will\be submitted with the NPDES NOI; however, the
EMP will generally conSistof a 4 phase monitoring pragram.

e Phase | establishes the haseline conditions of the drill site prior to exploration drilling activities and
will either be_supported ‘with<historical data,or”"Supplemental data collected prior to exploration
drilling activities. The baseline data generally“consist of benthic samples, receiving water chemistry,
sediment characteristics,and a visual assessment of the sea floor.

o Phase |l requires monitoring to be conducted while exploration drilling activities are occurring and
consists of, discharge plume monitoring, metals analysis of the drilling fluid, and Phases 11l and IV are
similar in_nature and are ‘conducted once exploration drilling activities are completed. Phase Il
monitoring will,occur shortly after exploration drilling operations cease at a drill site. Phase IV is
conducted no “later. than 15 months after exploration drilling operations cease. Benthic samples,
sediment characteristics,@nd a sea bottom survey will be completed during these phases.

The results from this monitoring program will be submitted to EPA as required in GP AKG-28-8100.

Bird and mammal observations will be made from all transiting surface operation vessels throughout the

exploration drilling activities in accordance with the 4MP and the Bird Strike Avoidance and Lighting
Plan.
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Other Wastes Generated by the Drilling Units and Support Vessels

The drilling units and many of the support vessels have incinerators, and combustible non-hazardous
wastes such as paper and pallets may be incinerated onboard. Food waste may also be incinerated. Non-
combustible wastes from the drilling units and support vessels will be transported to shore and disposed
of in an approved landfill. Regulated wastes include such things as paint, solvents, unused chemicals,
batteries, lamps, used oil, and glycol; these will be shipped to an approved facilities for recycling or
disposal. Estimated volumes of these types of wastes that may be generated during exploration drilling
program activities are indicated in Table 2.7-7. Regulated waste will be transported to an approved,
licensed facilities (Table 2.7-8). All other wastes will be disposed of properly:

Table 2.7-7  Projected Generation of Solid and Hazardous Wastes from the Drilling Units and Support
Vessels
Waste Type Composition Projected Amount [reatment / Storage/

Disposed

Household Trash

Refuse generated
through domestic
living activities

(includes food wastes).

8,500 Ib#/ month"
drilling'unit stored and
transported for disposal

6,0001bs.»,month /
drilling unitincinerated
onboard; -‘resulting ash
weight of 200 1bs.
included in non=
hazardous waste
monthly total)

Support.Vessels:
23,454 lbsimonth

Not discharged to ocean
waters;Burned in on board
incinerator OR stored aboard
in approved waste containers
until removed at port and
transferred4o an approved
TDS site

Non-hazardous
Waste

(solid and liquid)

Non-hazardous waste
liquids and solids such
as'used-ails,oily rags,
and vessel slops,
incinerator ash; steel
(to\be recycled);
generated through
vessel cleaning,
maintenance and
drilling operations.

62,500 Ib. /' month/
drilling unit

Support Vessels:

Liquids 123,975
Ib./month

Solids 4,765
1bs./month

Not discharged to ocean
waters; stored aboard in
approved waste containers
until removed at port and
transferred to an approved
treatment/disposal site

Hazarfdous Waste

Conditionally
Exempt'Small
Quantity Generator

(CESEQG)

Expired or spent
chemicals left over
from cleaning,
maintenance and
drilling operations.

50 Ib. / month / drilling
unit; no discharge
CESQG status is
anticipated)

Not discharged to ocean
waters; stored aboard in
approved United Nations
(UN) rated waste containers
until removed at port and
transferred to an approved
treatment/disposal site

Environmental Impact Analysis

Shell Chukchi Sea Exploration Plan

2-37

Revision 2 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

Table 2.7-8  Disposal of Projected Solid and Hazardous Wastes from the Drilling Units and Support

Vessels
Facilities / Location Type of Waste Rate Disposal Method
Drilling Units: 17,000
Weste Management Inc, Houschold trash | Ibs/montaritling uni) | e
Arlington, OR (Subtitle D landfill) | (MSW) only Support Vessels: 23,454
Ibs./month

I%rllllng Units: 12,100
S.
Non-hazardous waste | (6,0501bs/month/drilling

solids — including unit; (includes
Waste Management Inc., CESQC-exempt approximately 50, )
Chemical Waste Management, wastes (oily rags, Ibs./month/drilling unit Landfill or recycle
Arlington, OR (Subtitle C landfill)- | unused chemicals, of CESQG-exempt

aerosols, batteries, waste)

lamps, cement, etc.)
SupportVessels: 4,765
Ibs./month

: : Drilling Wnits: 100,000
\I\//Iv%ngerVacuum Service Inc., Seattle Nog]_nfzﬁrdous liquids IES'} 50,0?]% | _ . : |

y : in bulk shipments s./month/drilling unit reat and recycle
Ermerald Services, Inc, Seattle, WA, (?llge \t’)\’@ter: vessgzl \ g

: slops, brine water upport Vessels:
Thermo Fluids, Portland, OR 12g,975 Ibs./month
I%rlllmg Units: 13,000
S.

Seattle Iron & Metals Corp., Seattle | Non-hazardousiwaste

: 6,500
WA, -or solids Scrap Metal ! T ;
Schnitzer Steel Industries, (uncontamPnated scrap fbs./ month/drigeggPunit) | Recycle
Anchorage AK steel only) Support Vessels: 1,200
Ibs:/month

2.8  Air Emissions

Under EP Revision<1, ‘releases of air emissions forithe Chukchi Sea EP were authorized for the
Discoverer under the air permit issuedsby the EPA. In"December 2011, jurisdiction for regulating air
emissions for projects on the OCSyin areas off thes,coast of the NSB in Alaska was changed from EPA to
BOEM.? Asf result, the,air permitifor the Discoverer drill ship in the Chukchi Sea was terminated by
EPA in Jafiuary 2014.% Shellnow seeksiauthorization from BOEM for air pollutants emitted for activities
describéed in EP Revision 2.

Under EP“Revision 2, two drilling units and additional support vessels and equipment will emit air
pollutants. Appendix K of ER Revision 2 includes two emissions inventories that describe the air
pollutants estimated, to occur for the activities associated with the Chukchi Sea exploration drilling
program. These inventeries are/provided to fulfill BOEM’s EP requirements. The Air Quality Regulatory
Program (AQRP) emissionsq«nventory provides a conservative estimate of air emissions within 25 miles
of the drilling units for demonstrating compliance with the specific requirements of 30 CFR
550.218(a)(3). The NERA emissions inventory is provided in Appendix K to assist with an evaluation of
project air impacts under the EIA as required under 30 CFR 550.227.

The NEPA emissions inventory includes additional operational assumptions (e.g., application of
particulate matter emission control technologies for some support vessels) for the EP Revision 2 plan that

22012 Consolidated Appropriations Act, Page 1048.
¥ Federal Register, Volume 79, Page 2442

Environmental Impact Analysis
Shell Chukchi Sea Exploration Plan 2-38 Revision 2 August 2014




Environmental Impact Analysis DRAFT

Shell Chukchi Sea Exploration Plan Revision 2

are not included within the AQRP emissions inventory. These operational assumptions were applied for
conducting the dispersion modeling analyses to evaluate potential air impacts under NEPA. Predicted
maximum hourly and total annual mass emissions of the criteria air pollutants nitrogen oxide (NOy),
sulfur dioxide (SO,), particulate matter less than 10 microns (PMyg) and less than 2.5 microns (PM,s),
carbon monoxide (CO), volatile organic compounds (VOC), and lead (Pb), assuming a 120-day drilling
season for the drilling units and associated support vessels and activities, are provided below in Table 2.8-
1 and 2.8-2. These totals include emissions from all sources associated with the drilling units, offshore
support vessels, and onshore support activities associated with EP Revision 2. Predicted concentrations
from dispersion modeling for the project activities are provided in Attachments B and C of the EIA of EP

Revision 2.
Table 2.8-1  Maximum Projected Hourly Emissions - Drilling Units, Support Vessels, Onshore Support
. Hourly Emissions (Ib./hr.) for the Exploration‘Drilling Program
Emission Source
NOx | PMy? | PM,s? cO VOC | SOt Pb GHG

Discoverer * 273.8 10.9 10.9 69.5 15.5 1.9 3.30E-2 22,309
8&%‘;‘,’5{ er Support 1,054.1 | 326 326 |243.4 63.8 6.0 6.87E-2 . |78,181
Polar Pioneer 335.4 17.4 17.4 53.1 16.6 2.0 2.72E-2 24,896
Potar Ploneer Support 1 9379 168 |168 |2507 % | 571 N|54 391E2 76,207
Common Support Vessels “| 1,690.5 56.9 56.9 398.7 /0.9 7.6 6.93E-2 103,591
Onshore Support 23.3 1.6 1.6 40.7 27.1 1.6 3.72E-4 6,296
Total 4,315.0 136.2 136.2 1,056.1 251.0 24.45 0.24 311,480

1 Use of ULSD fuel across all vessels and rigs.
2 Short-term utilizations on engines (80 percent) on all vessels and rigs.
8 Use of particulate matter emission control technologies on ice management vesselSpanchor handlers, and OSRV.

*GHB= green house gas emissions

Table 2.8-2  Projected Annual Emissions - Drilling Units, Support Messels, Onshore Support
L Annual Emissions (tpy)for the Exploration Drilling Program
Emission Source
NOy PMy* | PM,s* CcO VOC 50,2 Pb GHG
Discoverer 2 164.3 8.8 8.8 46.0 154 2.0 0.05 20.859
DISCOVGI’%I’ Support 359.8 16.4 16.4 75.8 25.1 3.3 0.09 31,652
Vessels
Polar PIOpeer Support | 346.3 9.6 9.6 84.5 23.0 2.5 0.04 28,953
Vessels
CommonSSupport 716.5 32.9 32.9 190.0 38.8 4.8 0.08 55,252
Vessels™
Total 2,100.0 | 93.6 93.6 479.7 131.0 15.48 0.30 175,365

! Annual fuel restrictions on the support Vessels.
2 Use of ULSD fuel across all vessels and rigs.

% Short-term utilizations on engines (80 percent) on all vessels and rigs.
* Use of particulate matter emission control technologies on ice management vessels, anchor handlers, and OSRV.
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2.9 Sound Generation

The following section provides information on the generation of sound by the drilling units, vessels, and
aircraft. Distances to certain received sound levels as identified below, were used to predict the area
ensonified to threshold levels around the sound sources, and to then estimate potential exposures of
marine mammals.

Sound Generation by Exploration Drilling

Prior to 2012, sounds from the Discoverer had not been measured in the Arctic, and analogs or modeling
based on sound measurements outside the Arctic (Austin and Warner 2010), were used to estimate the
distances at which the generated sound would attenuate to levels below effects thresholds and assess
potential impacts. Shell measured the sounds produced by the Discavererwhile drilling on the Burger
Prospect in 2012. A broadband (10 Hz — 32 kHz) source level of 182 dB was calculated for the
Discoverer based on the measurements recorded when drilling, the'26-inch holeyinterval. Radii to other
received sound energy levels based on a best-fit relationship of these measurements are provided in Table
2.9-1.

Table 2.9-1  Distances to Received Sound Levels Drilling-and,other Activities
R‘Ecee\}\éfd 26-i[r?(:r:|I:]c§JIe " Supporél\algessel inl MLC Drilling * Manag;grenent 14 | Anchor Handling *°
>190db <10m <64 m <10m <10m <10m
> 180 db <10m <64 m < 10.m <10m 20 m
>170db <10m <64 m 20'm 20m 60 m
> 160 db <10m <64 m 71 m 60 m 180 m
> 150 db 30 m 64 m 250 m 200 m 530 m
> 140 db 100im 260 m 870 m 730 m 1,600 m
>130db 390 m 1100 m 2,800m 2,600 m 4,700 m
>120db 1,500 m 4,500'm 8;200 m 9,600 m 14,000 m

! Based on linear fitto average sound levels recorded at 4 ranges at Burger A in the Chukchi Sea in 2012; source: JASCO 2014
2 Drilling with the Discoverer
® Based on measurement of Nordica on DP from 2013; seurce: Shallow Hazards Survey 90 day report, Chapter 4
* Ice management as conducted by the Tor Viking
® Meastirementsiof anchor handling using the\anchor handler Tor Viking mooring the Kulluk were collected in Beaufort Sea 2012

Measurements-ofithe sound energy generated by the Polar Pioneer are unavailable; however, sound
measurements of'some semi-submersibles are available in the literature. Greene (1986 In Richardson et
al. 1995) reported measured sound energy levels generated by a semi-submersible, the SEDCO 708, while
drilling in 374 ft. (114"m)wof water in Bering Sea (Table 2.9-2). The SEDCO 708 is similar in size and
shape to the Polar Pioneer. Sound measurements for two other semi-submersible drilling units were also
found in the literature and the estimated source levels are presented in Table 2.9-3. This data and others
indicate that semi-submersibles generate less underwater sound energy when drilling than drillships,
probably because the rig floor and engines are on a platform elevated above the sea surface. It is
therefore likely that the Polar Pioneer will generate less underwater sound when drilling than the
Discoverer or Kulluk. . Further information on the modeling of sound with two drilling units operating
simultaneously, as well as additional support vessels and aircraft, is provided in Section 4.X of the EIA.
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Table 2.9-2  Sound Levels Generated by a Semi-submersible in the Bering Sea

Parameter Broadband * Tones *
Frequency (Hz) 10-500 80-4,000 60 181 301
Estimated source level (dB re 1 pPa-m) 154 154 149 137 136

* Source: Greene 1986 in Richardson et al. 1995a

Table 2.9-3  Estimated Broadband Source Levels Generated by Semi-submersibles

Vessel Length Width Reference Estlrggberc?:g[geglband
Polar Pioneer (gg%fr%) (725’%%) none
Ocean Bounty (1?6573.6ﬁrh) (82?31%) Gales 1982, Cookdnlet 163 dB re 1 mPa
SEDCO 708 (5875‘%) (ggéfrtn) Greene 1986, Bering Sea 154 dB re 1 mPa
G%%%?gl (gg%fr%) (626:3L71 frtr']) McCauley 4998, Limor Sea 144 dB re 1 mPa
Discoverer (1%16;.17ﬁr'r1) (2%?’0%) JASCO 2012, Chukchi 181 dB re 1 mPa
Kulluk GLom Grom JASCO 2012, Bealifort 172dB'fe 1 mPa

Sound Generation by Vessels

Radii for support vessels in transit, also based on,measurements taken in, the Chukchi Sea or Beaufort Sea
during the 2012 season, are provided in Table'2.9-4.

Table 2.9-4  Measured Radii to Sound Levels for Transiting Support Vessels

Recetved | Aty | PernicatiGgmuceran | o Al | Tor G | Siueq, Ao Seel | Nordien
> 190 db Om Om <10m Om Om <10m Om <10 m
> 180 db Om <10'm <10m <40m <10m <10m Om <10m
>170db 0Om <10m 17m <10.m <10m <10m 0Om <10m
>160db |<d0m <10.m 49 m 44 m 25m 18 m <10 m 24m
>150dbd [<10m 26 m 1400m 280 m 110 m 61m <10 m 80m
> 140'db 36 m 97 m 400m 1,400 m 470 m 200 m 13m 260 m
>130db | 180 m 360 m 1,100/m 4,600 m 2,000 m 680 m 67 m 860 m
>120db | 900 m 1,300 m 3,300 m 9,500 m 8,700 m 2,300 m 350 m 2,800 m

! Determined by Best Fit Lines from measured sound radii in the Chukchi Sea in 2012; source: Austin et al. 2013

2 No measurements analyzed inthe Chukchi Sea in 2012; these distances are from the Beaufort Sea in 2012
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Sound Generation by ZVSPs

Sound levels expected to be generated by the ZVSP survey air gun array have not been measured but
were modeled; expected distances to the received sound levels are provided in Table 2.9-5. Underwater
sound generation and attenuation was modeled for the ZVSP surveys in the Chukchi Sea based on the
specifications in Table 2.4-1 using several different configurations. Distances from the source, at which
various sound energy levels would be received based on the modeling are provided in Table 2.9-5.

Table 2.9-5  Modeled Distances to Received Sound Levels from the ZVSP Air gun Array

Received Level Distance to Received(level *
> 190 db 0.16 mi 0.255 km
>180db 0.86 mi 1.38 km
> 160 db 7.42 mi 11.96 km

! Based on the configuration with maximum distances to isopleths; based on 7m sourgé depth, 3000 psi firing pressure

Sound Generation by Aircraft

Both the level and duration of sounds received underwater from passing aircraft depend on altitude and
aspect of the aircraft, receiver depth, and water depth. Received sound‘level decreases with increasing
altitude of the aircraft and with increasing depth to the receiverwhen the aircraft is directly overhead.

Sound levels, both at the source and at recepters at various distancesy.are provided in Tables 2.9-6 and
2.9-7 for some of the models of aircraft commonly,used in oil and ‘gasiexploration. The tables include
some data for the models of helicopters (Sikorski S=61%or, S-92 or Eurocopter EC225), and fixed-wing
aircraft (Twin Otter) that could be used in the planned exploratien drilling program; data for other models
are provided in the table as sound levels generated by thém are expected to be similar.

Table 2.9-6  Received Underwater Sound Levels fromAircraft

Received Underwater Sound Level (dB)
. \ater ™ Altitude Altitude Altitude Altitude
Aircraft ft l?m 2,000 ft. 1,500 ft. 1,000 ft. 500 ft.
: (610 m) (457 m) (305 m) (152 m)
TO ft. |, 30 ft. 10 ft. 30 ft. 10 ft. 30 ft. 10 ft. 30 ft. 60 ft.
Bm)| (Om) (3xm) (9m) (3m) (9m) (3m) (9m) (18 m)
Twin 72/22 nd 106 nd 101 | nd 113 nd nd nd
Otter 7222 | nd 104 nd 106 | nd nd nd nd nd
49/15 108 107 116 105 121 110 117 114 nd
49/15 106 103 nd 105 122 112 123 113 nd
B-N
Islander 49/15 104 105 119 106 nd nd nd nd nd
49/15 109 108 nd nd nd nd nd nd nd
Bell 212 82/25 nd 108 nd nd nd 111 nd nd nd
Bell Ambient
214ST 72122 nd nd nd nd nd nd 104 nd levels
Stkorsky | 121/37 | nd nd nd nd | nd nd 102 | 111 105

1 Source: Greene 1985

2 Measured sound levels relative to one pPa at one meter distant for five types of aircraft at altitudes of 152 m to 610 m from hydrophones at
depths of 3 m, 9 m, and 18 m below the water surface
Note = nd — no data collected
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Table 2.9-7  Duration and Audibility of Sound Generated from Aircraft
Aircraft Altitude Water Depth Sea State Sound Level Duration_at Depth (sec) *

ft. (m) ft. (m) (dB)- 10 t. (3 m) 30;:})- ©
BN Islander | 1,500(457) 50 (15.2) 1 86 continuous 58-75
BN Islander | 2,000(610) 50 (15.2) 1 86 84-110 66-78
BN Islander 500 (152) 50 (15.2) 1 86 72-87 52-60
BN Islander | 1,000(305) 50 (15.2) 1 86 53-76 49-75
BN Islander | 1,500(457) 50 (15.2) 1 86 44-58 34-42
BN Islander | 2,000(610) 50 (15.2) 1 86 59-84 39-52
Bell 212 500 (152) 82 (25.0) 1 100 nd? 16-21
Bell 212 1,000(305) 82 (25.0) 1 100 nd 18-27
Bell 212 1,500(457) 82 (25.0) 1 100 nd nd
Bell 212 2,000(610) 82 (25.0) 1 100 nd 26
Twin Otter 500 (152) 74 (22.5) 0 95 nd 33-36
Twin Otter 1,000(305) 74 (22.5) 0 95 nd 29
Twin Otter 1,500(457) 74 (22.5) 0 95 nd 37
Bell 214ST 500 (152) 72 (22.0) 3 100 nd 11

1 Source: Greene 1985
2 In 20-1000 Hz frequency range
Note = nd — no data collected

2.10 Oil Spill Prevention and Contingeney Response

Shell is committed to conducting safesand environmentally responsible operations in the Chukchi Sea. To
achieve this goal, oil spill prevention\is a priority \in all aspects of operations. Shell’s Chukchi Sea
Regional Exploration/Pragram OSRP emphasizes the ‘prevention of oil pollution by employing the best
control mechanisms for blowout prevention, fuel transfer operations, as well as implementing mandatory
prevention training programs. for<field operating.personnel. Prevention training will include strict
procedures and management practices to eliminate spills in all aspects of operations. All project
personnely including employees and contractors, involved in OSR will receive response training as
described in the OSRP. Training drills‘alse will be conducted periodically to familiarize personnel with
on-site equipment, proper deployment techniques, and maintenance procedures.

The likelihood of a large oil spill event is very low. Shell has designed a response program based upon a
regional capabilityrof responding to a range of spill volumes, from a small operational spill up to and
including the WCD. frem an exploration well blowout. Shell’s program was developed to fully satisfy the
response planning requirements of the State of Alaska and federal oil spill planning regulations. The
OSRP presents specific information on the response program that includes a description of personnel and
equipment mobilizationg/the incident management team organization, and the strategies and tactics used
to implement effective and sustained spill containment and recovery operations.

WCD planning scenario volumes and storage capacities for a blowout scenario were calculated to address
BOEM requirements. Regarding BOEM exploration drilling operations requirements, the WCD scenario
is equal to the daily volume possible from an uncontrolled blowout for period of 30 days. In order to
address BOEM NTL No. 2010-N06 and 30 CFR 254.47, the total WCD planning scenario volume was
based upon BOEM’s larger planning requirement for a 30-day blowout and using a WCD planning rate of
25,000 bbl/day, resulting in a WCD scenario volume of 750,000 bbl (119,237 m®). The entire WCD
planning scenario can be found within Appendix C of the OSRP.
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An OST will be staged so that it will arrive at a recovery site, if needed, within 24 hours of departure
from the staging location. The purpose of the OST would be to provide a place to store large volumes of
recovered liquids in the unlikely event of a spill and OSR operations. The OST will possess a minimum
liquid storage capacity of 280,000 bbl, which is sufficient to hold all recovered liquids (for the initial
period in the event of a spill from the maximum 30 day WCD. A second OST would arrive with sufficient
capacity to provide storage of all recovered liquids for the 30-day event.

A dedicated, offshore OSR tug and barge and OSRV will be staged in the vicinity of the drilling units.
The on-site OSR tug and barge and OSRV will possess sufficient containment, recovery and storage
capability for the initial operational period in the event of a WCD spill (see,the Chukchi Sea Regional
OSRP for details). By hour 42, two more VOSSs would arrive at the spill sitexto assist the on-site OSR
tug and barge and OSRV with recovery and lightering operations. The<OSR tug and barge and vessels
would work in conjunction to sustain containment and skimming operations, and transfer recovered fluids
to the OSTSs for the duration of the response.

A second OSR tug and barge (Nearshore OSR tug and barge)ewill"be staged in or near Goodhope Bay,
Kotzebue Sound and possess capacity to mobilize prior 40 thenearliest time “@ilhcould arrive in the
nearshore zone. It will carry response equipment including a 47-ft (14-m) skimming vessel, three 34-ft
(10-m) workboats, four mini-barges, and boom and duplex skimming units for nearshorexecovery. The
workboats will also be used to shuttle OSR crews between the shorebase and the OSR tug and barge for
OSR training and drills. The OSR tug and barge will carry designated response personnel and will
mobilize to recovery areas, deploy equipment and begin operations.

The Shell Chukchi Sea Regional Exploration'Program OSRP is supperted by three Oil Spill Removal
Organizations (OSRO). AES-Response OperationspaUIC-Arctic Response._Services and Alaska Clean
Seas (ACS) are Shell’s primary response action contractors, supporting the program. The OSRO would
lead the spill response efforts in the offshore, nearshore, and shoreline environments. The OSRO response
personnel and OSR equipment_would be maintained on standby while critical exploration drilling
operations into liquid hydrocarbon bearing zones'are underway and provide offshore, nearshore, and
shoreline response operations in the unlikely eventiof an actual oil spill incident. Additionally, each
OSRO provides program oversight for their particular, scope, overall spill management team support,
response training, and additional responders through the Auxiliary Contract Response Teams, North
Slope Spill Response Team, and Village Response Teams.

Shell will provide dedicated response vessels and equipment for the onshore, nearshore and offshore
operations. Response activities will“be, conducted using Shell or ACS tactics as defined in Shell’s
Beaufart and Chukchi Seas Regional Tacties"Manual and/or ACS’s Technical Manual, or otherwise as
defined inthe OSRP.

Potential Releases

Shell’s analysis of'liguid hydrocarbon spills defines and distinguishes between two categories of spills:
“small” spills are 48 bbI(&4f’) or less and “large” spills are any spill greater than 48 bbl (8 m®). These
categories are different than the categories of spills by volume typically used by BOEM in its analyses.
For BOEM, a “small” spill is <1,000 bbl (159 m®), “large” spill is greater than or equal to 1,000 bbl (159
m?), and “very large” is greater than or equal to 150,000 bbl (23,838 m®). Shell’s spill categories,
however, are not incompatible with those used by BOEM. Shell chose to use these definitions because, as
explained below, the most likely source of a liquid hydrocarbon spill is a spill incidental to a refueling
operation, and the most likely maximum size of such a spill is 48 bbl (8 m?) or less.

There are three potential categories of liquid hydrocarbon spills in connection with exploration drilling:
(i) a large spill from operations; (ii) a well blowout; and (iii) a small spill from operations. Historical data
demonstrates that the probability of a large spill occurring during operations is insignificant, and therefore
this EIA does not analyze the impacts of large spills from operations. The occurrence of a large spill
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resulting from a well blowout is similarly improbable. Nonetheless, this EIA incorporates by reference
BOEM'’s prior analyses of the impacts of a BOEM-defined very large spill and blowouts and provide a
very large spill impact analysis in Section 6.0.

The historical record for offshore exploration drilling shows the probability of a spill to be very low and,
in the unlikely event a spill does occur; the probability is that it will be a relatively small operational spill.
Bercha (2008b) found that spill frequency per year and per barrel-year decreases with increasing spill
size. The possible sources from which a release of liquid hydrocarbons could occur for Shell’s Chukchi
Sea exploration drilling activities are summarized within Table 2.10-1. This table includes the WCD
volume estimation (as defined and calculated by regulation) upon which Shell’s OSRP has been designed.

Based upon spill data from historic exploration drilling in the Gulf of Mexico and Alaska OCS Regions,
the most likely spill from the operations would be relatively small accidental release, with the potential
for a large spill of more than 1,000 bbl (159 m® to occur from advell blewout being extremely low.
BOEM SEIS prepared for the Chukchi Sea Lease Sale 193 (BOEMRE 2011c)reported that industry has
drilled 223 exploration wells in the Pacific OCS, 46 in the AtlantictOCS, 15,138yin the Gulf of Mexico
OCS, and 84 in the Alaska OCS, for a total of 15,491 exploration wells. During this period, there were 77
well control incidents associated with exploration drilling. Of those 77 well controlineidents, 14 (18%)
resulted in oil spills ranging from 0.5 bbl to 200 bbls, for atotal 354 hbls, excluding the'estimated volume
from the Deepwater Horizon (DWH) event. From 1971-2010,0nly one well control incident resulted in a
spill volume of 1,000 bbl or more and that was the DWH event. For Alaskan Beaufort Sea and Chukchi
Sea exploration drilling operations, 35 small spills totaling 26.7-bbl.(4.2 m®) were documented consisting
primarily of fuels or other refined productssThree documented incidents involved small quantities of
crude oil, 0.6 to 3.1 bbl (0.1 to 0.5 m?), but nonéwere associated with \iessel operations as all the spills
occurred on gravel islands. Out of the 26.7 bbl (4.2°m°) spilled, approximately 24 bbl (3.8 m®) were
recovered. As a result, BOEM concluded that small operational. spills of 25 bbl (4 m®) or less of diesel or
other refined fuels may occur during explorationidrilling operationsyin the Chukchi Sea, and could be a
typical scenario.

Table 2.10-1 Summary of Potential Discharges

BOEM Size ;
Type Cause Product Size Category Duration Actl%r;ggr?aF;rgvent
Equivalent 9
\?vggr- fuel 4¢Hose rupture | Diesel Approx 48 bbl Small (<1,000 bbl) 5.5 minutes Strict adherence to transfer
transfers P pp ' ) procedures in place.
Diesel tanks are internal to the
drilling unit rather than deck-
mounted, where the potential
Tank rupture for marine spills is much
: (shipboard . Minutesto | greater. Tanks are monitored
Diesel and onshore Diesel 1,555 bbl Large (21,000 bbl) hours in ongoing tank inspection
storage tanks) program.
Onshore storage tanks double-
walled with containment dike
for 110% of volume.
Uncontrolled
. Very large BOP and related procedures
Blowout IL?JVc\ill?r:ethe Crude oil | 750,000 bbl (>150,000 bbl) 30 days for well control.

Small diesel fuel spills are more likely to be contained on the vessel or within pre-deployed booms, and
may be fully recoverable. Shell has established prevention measures, including pre-booming, to avoid and
mitigate spills during fuel transfers, a common potential source of discharge. The potential for discharges
during transfers is further reduced by curtailing refueling operations to account for adverse weather and
sea conditions. Fuel transfer operations would be planned, scheduled, and announced in advance.
Transfers would be carried out with visual monitoring in combination with ongoing communication,
which provides the best methods of discharge detection and control. Response equipment and trained
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personnel would be available on site to deploy boom and recovery equipment for the control and removal
of any product spilled into the environment. Pre-booming of fuel transfers between vessels prior to
operations will be conducted in accordance with BOEM lease stipulations No. 6, USCG requirements,
and Shell transfer procedures for all fuel transfers. These prevention and response measures will reduce
both the likelihood and potential consequences of a fuel spill.

Regardless of the discharge source or the low probability of a large or very large oil spill occurring,
Shell’s Chukchi Sea OSRP response scenario addresses the potential immediate release of crude oil to the
environment by a loss of well control during the drilling season. In order to address BOEM NTL No.
2010-N06 and 30 CFR 254.47, the estimated WCD planning scenario volume was based upon BOEM’s
information requirement for a potential blowout resulting in a total WCD scenario volume of 750,000 bbl
(119,237 m®) of oil during 30 days. Shell’s OSRP demonstrates acce$s to sufficient equipment and
personnel needed to respond to the WCD planning scenario blowout flow rate of 25,000 barrels of oil per
day (bopd (3,975 m*/day) for 30 days, for a total of 750,000 bbl. Fhis WCDyplanning scenario rate and
volume exceed the calculated WCD for any of the six drill sites.

While a well blowout is potentially the most substantial oiléspill"volume, BOEM has estimated that the
risk is very low that an exploration well blowout event would occur and impact the water of the Chukchi
Sea. No blowouts occurred during past Chukchi or Beaufort OCS exploration drilling of'35/exploration
wells; nor have any occurred from the approximately 98 exploration wells drilled within the Alaskan OCS
(MMS 2006c). BOEM estimated the low probability using historical *data derived from U.S. OCS
platform spill data including that from the US Gulf of Mexico (Anderson and LaBelle 2000).

Possible Small Liquid Hydrocarbon Spills

No BOEM-defined large spills or very large crude oil spilis have occurred on the Alaskan OCS and the
risk of blowout is highly unlikely based upon the historical reeord of<offshore drilling. Therefore, the
most likely event is a relatively small spill resulting”from vessel fuel transfer operations or loss of
containment aboard a vesseléSuch asyparted hydrauli€ fines. For purposes of analysis, the 48 bbl (7.6 m?)
fuel WCD was calculatedfor the BOEM in Shell's Chukchi Sea OSRP

The 48 bbl (7.6 m®) fdel discharge volume was selected as.the upper volume limit of the most likely event
based upon historical experience and/risksanalysis. The historical record of spills from all 35 Beaufort and
Chukchi OCS exploration wells shows a total spillweliime of 26.7 bbl (4.2 m®) of which approximately 24
bbl (3.8 m®)aiiere subsequently recovered. The 48 bbl (7.6 m®) volume is also larger than BOEM’s
estimate that a typical spill during exploration drilling operations in the Alaska Beaufort would be 25 bbl
(4 m®)0r less of diesel or other refined produet (MMS 2007b).

Fate and Effect.of an Uncontrolled48 bbl (7.6 m®) Fuel Spill

The fate and behavior estimates of a 48 bbl (7.6 m®) fuel spill do not consider the mitigating effects of
potential containmentyand recovery operations to remove spilled product. Response equipment and
trained personnel would be_available on site to deploy boom and recovery equipment for the control and
removal of product spilled into the environment. Additionally, the process of Shell’s FTP for fuel
transfers between vessels would be utilized in accordance with BOEM lease stipulation No. 6, USCG
requirements, and Shell’s operating procedures.

Shell’s operating procedures ensure that transfer operations would be scheduled at least 24 hours in
advance allowing operations personnel to review the planned transfer, ensure suitable weather conditions
will occur, make appropriate notifications and ensure response personnel and equipment is properly
staged and boom deployed as required. Transfer operations would be visually monitored at all times and
in conjunction with continuous communications to provide prompt discharge detection and control.
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Prior to initiating any fuel transfer operations, a pre-transfer conference is conducted between the fuel
vessel, the receiving vessel, and response team personnel. During the transfer, the person-in-charge of the
fuel transfer operation on each vessel, as well as the officer in the wheelhouse of the fuel vessel and the
deck watch of the vessels involved in the fuel transfer, shall remain in radio contact. In addition, the deck
watch of each vessel will have visual contact during the operation. The response team pre-deploys
containment boom, as per the FTP, configured to minimize the effects of wind and currents to the extent
possible. Response workboats will remain on standby during the entire transfer operation to tend boom,
monitor the transfer process, and detect any discharges.

The fate of a discharge from an uncontrolled small spill can be estimated based upon the predicted
weathering of a particular type of oil in seawater over a certain period of time.xI'he estimates of a diesel
fuel discharge were derived using the National Oceanic and Atmosphéric Administration’s (NOAA)
Automated Data Inquiry for Oil Spills (ADIOS2). This model uses the physical properties of oils in its
database to predict the rate of evaporation and dispersion over time, as wellhas changes in the density,
viscosity, and water content of the product spilled. Table 2.10-2 summarizes the,results assumed for the
fate and behavior of a 48-bbl (7.6-m°) diesel fuel spill.

Table 2.10-2 Fate and Behavior of a Hypothetical Diesel Fuel Spill

. . Hours After a Hypothetical Release 0fi48-bbl (7.6-m®) of Diesel During Summer *
Fate of Spilled Oil
6 12 24 36 48
Oil Remaining (%) 32 16 5 2 <1
Qil Evaporated (%) 42 46 48 48 48
Qil Dispersed (%) 26 38 47 50 51

! Calculated with the NOAA ADIOS? oil-weathering model and assuming_diesel fuel'ne. 2, 11-knot wind speed, 4° C water temperature, 0.5-
meter wave height.
Light refined products, such as dieselyare narrow-cut fractions that have low viscosity and spread rapidly
into a thin sheen. Baseddn the viscasity of the diesel fuel to be used by Shell, the maximum continuous
area of the sea with diesel on the surface in an uncontained 48 bbl (7.6 m®) spill (i.e., no pre-booming)
would be about 20-200 ac (0.120.8 km®),depending on sea state and weather conditions.

2.11 Mitigation Measures

Table 2@-1 in the EP lists the authorizations,and permits necessary to conduct the planned exploration
drilling program activities. Shell will adopt the mitigation measures written into these authorizations, and
will therefore, be working within regulatory requirements. In addition to meeting all regulatory
requirements, Shell is committed to adopting additional voluntary mitigation measures, including those
that will decrease any potential conflicts between exploration drilling activities and subsistence harvests.

The specific mitigation ymeasures Shell has adopted and will implement during its Chukchi Sea
exploration drilling operations are listed below. These mitigation measures have changed slightly, through
deletions and additions¢ from those listed in EP Revision 1 (see Mandatory and Voluntary Mitigation
Measures in the Preface). The following mitigation measures reflect Shell’s experience conducting
exploration drilling in Alaska since 1986, including the 2012 exploration drilling season, and its ongoing
consultations with local subsistence communities to better understand their concerns and develop
appropriate and effective mitigation measures to address those concerns.

Communications

o Shell has developed a Communication Plan and will implement this plan before initiating
exploration drilling operations to coordinate activities with local subsistence users, as well as
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Village Whaling Captains’ Associations, to minimize the risk of interfering with subsistence
hunting activities, and keep current as to the timing and status of the bowhead whale hunt and
other subsistence hunts. The Communication Plan includes procedures for coordination with
Com Centers to be located in coastal villages along the Chukchi Sea during Shell’s proposed
exploration drilling activities.

Shell will employ local SAs from the Chukchi Sea villages that may be potentially impacted by
Shell’s exploration drilling activities. The SAs will provide consultation and guidance regarding
the whale migration and subsistence activities. There will be4one per village, working
approximately 8-hr per day and 40-hr weeks during the drilling seasonsx, The SA will use local
knowledge (Traditional Knowledge) to gather data on subsistence lifestyle within the community
and to advise in ways to minimize and mitigate potential negative impacts to subsistence
resources during the drilling season. Responsibilities include reporting any subsistence concerns
or conflicts; coordinating with subsistence usersi reporting subsistence-related comments,
concerns, and information; coordinating with the.Com and Call Center personnel; and, advising
how to avoid subsistence conflicts.

Aircraft Travel

Aircraft over land or sea shall not,operate below 1,500 fta (457 m) altitude unless engaged in
marine mammal monitoring, approaching, landing or taking off, in poor weather (fog or low
ceilings), or in an emergency situation:

Aircraft engaged in marine mammal monitoring shall net operate’below 1,500 ft. (457 m) in areas
of active whaling; such areas to be identified through communications with the Com Centers and
SAs.

Aircraft will not operate within 0.5 mi (0.8 km),of polar bears when observed on land or ice.

Helicopters will not operate at an altitude lower than 3,000 ft. (914 m) within 1 mi (1.6 km) of
walrus groups observed ondand, and fixed-wing aircraft will not operate lower than 1,500 ft. (457
m) within"l mi (2.6 km) of walrus groups-ebserved on land.

If aircraft must be operated below 1,500 ft. (457 m) because of weather, the operator will avoid
flying within 0.5 mi (805 m) of known walrus or polar bear concentrations over sea, and will
avoid walrus groups by 1 mi (1.6’km) on land.

Vessel Travel

The drilling unit(s) and support vessels will enter the Chukchi Sea through the Bering Strait on or
after 1 July, minimizing effects on marine mammals and birds that frequent open leads and
minimizing effects on spring and early summer bowhead whale hunting.

The transit route for the drilling unit(s) and drilling support vessels will avoid known fragile
ecosystems and the Ledyard Bay Critical Habitat Unit (LBCHU), and will include coordination
through Com Centers.

PSOs will be aboard the drilling unit(s) and transiting support vessels.

Vessels will not operate within 0.5 mi (0.8 km) of walruses or polar bears when observed on ice
or water.
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o Vessels will not operate within 1.0 mi (1.6 km) of walruses or 0.5 mi (0.8 km) polar bears when
observed on land.

¢ When within 900 ft. (274 m) of whales, vessels will reduce speed, avoid separating members
from a group and avoid multiple changes of direction.

e Vessels should take all reasonable precautions (i.e., reduce speed, change course heading) to
maintain a minimum operational exclusion zone of 0.5 mi (805 m) around groups of 12 or more
walruses in the water.

o Vessel speed will be reduced during inclement weather conditionsgn, order to avoid collisions
with marine mammals.

e Shell will communicate and coordinate with the Com Centersegarding all vessel transit.

e Use of some lighting on the drilling unit(s) and support vessels will'bexminimized and shaded to
reduce potential disorientation and attraction of birds ‘and“to reduce the, possibility of a bird
collision (Bird Strike Avoidance and Lighting PlangAppendix E, EP Revision 2).

Exploration Drilling Operations

o Critical operations will not be started if potential hazards, (ice floe, inclement weather, etc.) are in
the vicinity and there is not sufficient time to finish the critical operation before the arrival of the
hazard at the drill site (COCP, Appendix.F, EP Revision 2).

e The blowout prevention program will be enhaneed through the use of two sets of blind/shear
rams.

e For drill sites at which a MLC is drilled by bit, a remotely operated vehicle (ROV) control panel
will be on the seafloor, linked to the BOP by an umbilical, with sufficient pressured water-based
fluid to operate the, BOP. 'In the event thetMLC is drilled by the ROV like excavator, no
additional control panel.is required as an ROV will have direct access to the BOP panel located in
the MLC.

e Provisions fora seeond reliefawell drilling unit will be in-place in the event that the primary
drilling unit is disabled,and not capable of drilling its own relief well. Both the Discoverer and
Palar, Pioneer will serve as thein own primary relief well drilling unit. If the Discoverer or the
Polar Pioneer cannot be used to drill a relief well, the other drilling unit (secondary relief well
unit) would, be used for that purpose. The drilling units will be in the Lease Sale 193 Area
operating as primary drilling units, or one may be no further distant than Dutch Harbor when the
other drilling unityis'drilling in hydrocarbon bearing zones. In either case, the secondary relief
well drilling unit could be mobilized to the location in the Burger Prospect, moored, and drill a
relief well and Kill the flow within 38 days.

e Air gun arrays will be ramped up slowly during ZVSP surveys to warn cetaceans and pinnipeds in
the vicinity of the air guns and provide time for them to leave the area and avoid potential injury
or impairment of their hearing abilities. Ramp ups from a cold start when no air guns have been
firing will begin by firing a single air gun in the array. A ramp up to the required air gun array
volume will not begin until there has been a minimum of 30 min of observation of the safety zone
by PSOs to assure that no marine mammals are present. The safety zone is the extent of the 180
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dB radius for cetaceans and 190 dB for pinnipeds. The entire safety zone must be visible during
the 30-min lead-in to an array ramp up. If a marine mammal(s) is sighted within the safety zone
during the 30-min watch prior to ramp up, ramp up will be delayed until the marine mammal(s) is
sighted outside of the safety zone or the animal(s) is not sighted for at least 15-30 min: 15 min for
small odontocetes and pinnipeds, or 30 min for baleen whales and large odontocetes.

Ice Management

Real time ice and weather forecasting will be from the Shell Ice and Weather Advisory Center
(SIWACQC).

Shell has developed and will implement an Adaptive Approachdo lce Management in Areas
Occupied by Pacific Walruses (Appendix J).

Qil Spill Response

The primary OSRV will be on standby at all times when drilling into zones capable of flowing
liquid hydrocarbons in measurable quantitiesfto ensure thathyOSR capability is available within
one hour, if needed.

Shell will deploy OSR support vessels capable of collecting oil on the water in excess of the
calculated WCD flow rate of a blowout in the unlikely. event that one should occur. The
remaining OSR support vessels will be fully engaged within 72 hours:

In addition to the OSR support vessels, Qil spill containment equipment will be available for use
in the unlikely event of a blowout. The containment system tug and barge will be located in or
near Goodhope Bay, Kotzebue Sound. Thisiequipment isédesigned for maximum reliability, ease
of operation, flexibility and rebustness so it could be used for a variety of blowout situations.

Capping stack equipment will be stored aboard one of the ice management vessels and will be
available for immediate deployment in the unlikely event of a blowout. Capping stack equipment
consist of ‘subseandevices assembled to provide direct surface intervention capability with the
following priorities:

o, Attaching a device or series of devices to the well to affect a seal capable of withstanding
the maximum \anticipated well head pressure (MAWP) and closing the assembly to
completely sealthe well against further flows (commonly called “’Cap and Contain”).

o Attaching a device or series of devices to the well and diverting flow to surface vessel(s)

equipped for separation and disposal of hydrocarbons (commonly called “Cap and
Flow™).

A polar bear culvert trap has been constructed in anticipation of OSR needs and will be available
prior to exploration drilling.

Pre-booming will be conducted for all fuel transfers between vessels.
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Air Emissions

e Procuring ultra-low sulfur diesel (ULSD) fuel or a fuel with equal or lower sulfur content to reduce
SO, emissions for each of the drilling units and all vessels operating as part of the exploration
drilling program;

e Use of selective catalytic reduction (SCR) emission controls to reduce NOX emissions on
Discoverer’s primary generation units and certain units on support vessels;

e Use of catalytic diesel particulate filters (CDPF) emission controls to reduce CO, PM, and VOC
emissions on the Discoverer’s primary generation units and certain units,on support vessels; and

e Use of oxidation catalysts (OxyCat) emission controls to reduce€O, PM, and VOC emissions on
certain units on support vessels.

Shell has elected to present maximum projected emissions in the AQRP emissions inventory for the 30
CFR 550.303(d) exemption formula analyses without consideration®of these emission controls on the
Discoverer’s primary generation units or any of the support vessels. Shell intends, to operate these
emission controls and purchase ULSD or a fuel with equal or {ower sulfur contenththroughout the
exploration season. But, the 30 CFR 550.303(d) exemption analyses in Section 7(e) conservatively
assume the emission controls are not employed but ULSD"is used<Appendix K provides a summary of
the emission reduction measure as applied in the AQRP analysis.
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3.0 RESOURCES AND CONDITIONS

This section provides descriptions of the environmental conditions and the physical, biological and socio-
cultural resources of the prospect areas that may be affected by the planned exploration drilling program
as detailed in EP Revision 2, or which could affect the planned operation or activities. Most descriptions
of existing conditions and resources are broadened to BOEM’s Chukchi Sea Lease Sale 193 Area and
adjacent State of Alaska waters to address the vessel and aircraft traffic that will occur outside of Shell’s
leases and prospect areas. Many of the Section 3.0 Resources and Conditions sub-sections are largely
unchanged from EP Revision 1. However, for clarity and to facilitate review ofithis document, Shell is
submitting a comprehensive discussion of the resources and conditions4n the EP Revision 2 EIA. There
are limited changes to the Resources and Conditions section from EP'Revision 1 EIA (May 2011) to EP
Revision 2 EIA. These changes are related to:

o Judicial ruling related to critical habitat previously designatedfor the polar bear
e ESA listing for bearded seal and ringed seal

o ESA listing vacated for bearded seal

o Additional baseline environmental surveys in the Chukchi

o Changes in air quality jurisdiction from EPA to BOEM

e Designation of Hanna Shoal Walrus Use Area

Descriptions of socio-cultural and socioeconomic resourcesyare focused on those that occur in the marine
environment and on the villages that have the most potential to,be affected by the planned activities.
These include the villages of Point Hope, Point Lay; \Wainwright,‘and Barrow. Distances from the Burger
Prospect to the coastline and the nearest villages are'presented in Table 3.0-1.

Table 3.0-1  Distancesfrom Chukchi Sea Villages to Nearest Burger Prospect Lease Block

Distancesto. Nearest EP Block

Barrow Wainwright Point Lay Point Hope Coastline
140 mi (227 km) 78 miy(126 km) 92 mi (148 km) 206 mi (332 km) 64 mi (103 km)

Additional information on the environmental conditions in the region can be found in the following
NEPA and ESA"Seetion 7 Consultation documents:
o EnvironmentabAssessment for Ancillary Activities (Statoil shallow hazards surveys) in the
Chukchi Sea (BOEMRE 2011a)
e Final Supplemental Environmental Impact Statement (SEIS) Chukchi Sea Planning Area, Oil and
Gas Lease Sale 193 (BOEMRE 2011c)
e Environmental Assessment (EA) for Shell’s 2012 Exploration Drilling Program in the Chukchi
Sea (BOEM 2011)
e Environmental Assessment — Shell 2013 Ancillary Activities Survey, Chukchi Sea, Alaska
(BOEM 2013)
o Biological Opinion and Conference Opinion for Oil and Gas Activities in the Beaufort and
Chukchi Sea Planning Areas on Polar Bears (Ursus maritimus), Polar Bear Critical Habitat,
Spectacled Eiders (Somateria fischeri), Spectacled Eider Critical Habitat, Steller’s Eiders
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(Polysticta stelleri), Kittlitz’s Murrelets (Brachyramphus brevirostris), and Yellow-billed Loons
(Gavia adamsii) (USFWS 2012)

¢ Final Environmental Assessment for Incidental Take Regulations for Walruses and Polar Bears in
the Chukchi Sea (USFWS 2013a)

o Biological Opinion for Polar Bears and Conference Opinion for Pacific Walrus on the Chukchi
Sea Incidental Take Regulations (USFWS 2013b)

o Biological Opinion for the USFWS Region 7 Polar Bear and Pacific Walrus Deterrence Program
(USFWS, 2014)

e Biological Opinion for the Issuance of Incidental Harassment Authorization under Section
101(a)(5)(a) of the Marine Mammal Protection Act to Shell Offshore, Inc. for Exploratory
Drilling in the Alaskan Chukchi Sea in 2012 (NMFS 2012)

e Supplemental Draft Environmental Impact Statement on the Effects'af @il and Gas Activities in
the Arctic Ocean (NOAA 2013b)

o Biological Opinion, Oil and Gas Leasing and Exploration Activities in the U.Sy Beaufort and
Chukchi Seas, Alaska (NMFS 2013b)

e Biological Opinion for the Issuance of Incidental"Harassment Authorization under 101(a)(5)(a) of
the Marine Mammal Protection Act to Shell for Geophysical Surveys, and Equipment Recovery
and Maintenance Activities in the U.S. Chukchi Sea, Alaska, During the 2013 Open Water
Season (NMFS 2013c)

The only appreciable changes to the regional resources,and conditions sincé these NEPA analyses and
Shell’s previous EIA (May 2011) that accompanied itS"EP Revision 1 are largely regulatory in nature as
follows:

o Ina Ninth Circuit ceurt ruling on 6 January 2013, all critical habitat previously designated for the
polar bear by thedUSFWS was vacated and remanded back to the agency

o Effective 26February 2013, the Arctic subspeciesrof ringed seal, which occurs in the Chukchi
Sea, was listed as threatened under.the Endangered Species Act (ESA)

o Effective 26 February 2013, the Beringia distinct population segment of bearded seals, which
oceurs in the Chukehi Sea, wasylisted as threatened under the ESA

o ( Effective 28 July 2014, the beardedsseal threatened listing was vacated

New Field Surveys in the Chukehi Sea

Joint industry surveys known as the Chukchi Sea Environmental Studies Program (CSESP) have been
conducted in the Chukehi Seagach year from 2008 through 2013 (data from surveys completed in 2013
are not yet available through peer reviewed study reports. Vessel-based marine mammal surveys were
conducted along transects in survey areas encompassing the Burger Prospect and ConocoPhillips
Klondike Prospect in July-October 2008 and 2009 (Brueggeman 2009a, 2010). The study area was
expanded to included Statoil’s prospect in 2010 and the Greater Hanna Shoal Study Area in 2011 (Aerts
et al. 2012) (Figure 3.0-1). Surveys planned for 2014 cover a reduced survey area encompassing the
Burger prospect and locations shoreward of the prospect. Surveys conducted in these study areas
included those for chemical and physical oceanography, benthic and plankton communities, fish, birds,
and marine mammals (Table 3.0-2). Data from these 2008-2012 CSESP surveys are used throughout the
following sections.
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Table 3.0-2  CSESP Studies in the Chukchi Sea 2008-2014
1
Study Surveys Conducted by Year
Area 2008 2009 2010 2011 2012 2013 2014
physical physical physical & chemical chemical & chemical & chemical &
oceanography | oceanograp | chemical oceanography | physical physical physical
, sediment hy, oceanography | , plankton, oceanography | oceanography | oceanography
Burger contaminants, | contaminan | , benthos, fish, birds, ,_benthps, ,_benthps, , penthos,
benthos, ts, benthos, | zooplankton, | mammals fish, birds, fish, birds, birds,
plankton, fish, | plankton, fish, birds, mammals mammals mammals
birds, fish, birds, mammals
mammals mammals
- -- physical & chemical chemical & chemical & No studies
chemical oceanography | physical physical planned at the
oceanography | , plankton, oceanography | oceanography | Statoil study
Statoil , benthos, fish, birds, nbenthos, ,‘benthos, area in 2014
zooplankton, mammals fish, birds, fish; birds,
fish, birds, mammals mammals
mammals
physical physical physical & chemical chemicah& chemical & No studies
oceanography | oceanograp | chemical oceanography [hphysical physical planned at the
, sediment hy, oceanography | , plankton, oceanography | oceanography | Statoil study
Klondike contaminants, | contaminan | , benthas; fish, birds, ,benthos, , benthos, area in 2014
benthos, ts, benthos, | zooplankton, mammals fish, birds, fish, birds,
plankton, fish, | plankton, fish, birds, mammals mammals
birds, fish, birds, mammals
mammals mammals
- -- -- chemical chemical & chemical & No studies
G oceanography | physical physical planned in the
reater
Hanna , _plank_ton, oceanography | oceanography | Greater
Shoal fish; birds, , benthos, , benthos, Hanna Shoal
mammals fish, birds, fish, birds, study area in
mammals mammals 2014

! Survey areas encompassed,Shell’s Burger Prospect and ConocoPhillips?Klondike Prospect in July-October 2008 and 2009 (Brueggeman 2009a,
2010). The study_afea was expanded to included Statoil’s prospectin2010 and the Greater Hanna Shoal Study Area in 2011 (Aerts et al. 2012)
(Figure 3.0-1)« Surveys planned for,2014 cover aneduced survey area encompassing the Burger prospect and locations shoreward of the

prospect.
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Figure 3.0-1 CSESP Study Areas
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3.1 Meteorology and Air Quality

3.1.1 Climate

Shell’s Burger Prospect is located in the Arctic Climatic Zone, which is characterized by cold
temperatures, nearly constant wind, and low precipitation. The Chukchi Sea, including the Burger
Prospect, experiences freezing temperatures for most of the year and is known for frequent and sustained
stormy weather. In general, the region has 6-10 storm-days per month with each storm lasting from 6 to
24 hours. However, any individual storm may last from 8 to14 days. Winds may gust from 75 to 85 miles
per hour (mph) (65 to 74 kts) and be sustained at 55 mph (48 kts). This results in,significant wind-induced
wave erosion along the coastline and quickly shifting ice packs in the open'water (MMS 2007b).

Ice-melt conditions are governed by the influx of warmer waters from the Bering Sea through the Bering
Strait. Water flowing from the Bering Sea into the Chukchi Sea résults in‘the,breakup of sea ice in the
east (near shore) beginning in mid-May, and migrating to the,west around ‘mid-July. During summer,
pack ice retreats to the north. This leaves a limited operational" window of two to five months when ice
coverage is at a minimum (MMS 2007b).

Shell collected meteorological data from a buoy deployed near the Burger Prospect during the open-water
season in 2008 through 2012. (Figures 3.1.1-1 and 3.1.1-2; these figuresiare updated from EP Revision 1
EIA, which only had data for 2008). Data was not collected in 2043, due to ice conditions at the prospect
during buoy deployment attempts. Similar studies are planned for 2014. Based on Shell’s meteorological
data collected near Burger, winds generally‘originated from the north-northeast 10.4 percent of the time,
east-northeast 12.9 percent of the time, northeast 16:9,percent of the time, and.east 8.1 percent of the time.

Figure 3.1.1-1 Wind Speed and Direction, Open-Water Season 20082012
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Figure 3.1.1-2 Air Temperatures and Barometric Pressure
Chukchi Sea Bouy (Burger Area) Air Tempesalure 2008 - 2012
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Barrow, Point Lay, and Wainwright and are provided in Tables 3.1.1-1, 3.1.1-2, and 3.1.1-3 respectively.

Table 3.1.1-1 Barrow Period of Record Climate Summary*

Parameter Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Avg Max Temp (°F) | -7.4 | -11.1| -7.9 | 6.7 | 24.6 | 38.8 | 456 | 43 | 346|202 | 5.6 | -4.8

Avg Min Temp (°F) | -19.8 | -23.1 | -20.6 | -7.1 | 15 30 [ 339 337|278 111 | -5.7 | -16.5

Avg Total Precip (in.)] 0.17 | 0.15 | 0.13 | 0.17 | 0.16 | 0.35 | 0.9 | 1.02 | 0.67 | 0.47 | 0.24 | 0.16

AvgSnowfall in) | 23 | 22| 2 | 25| 2 [o07 |03 |07 | 4 471 (%9 | 26

Avg Snow Depth (in.) 9 10 11 11 6 1 0 0 1 4 7 8

Source: Western Region Climate Center 9/2/1949 to 9/30/2012 (http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ak0546).

Table 3.1.1-2 Point Lay Period of Record Climate Summary*

Parameter | Jan | Feb | Mar Apr May Jun Jul Aug Sep Oct Nov Dec
"?:%r';ﬂ(?lé) -3.7 |-163 | -7.4 | 9.8911.7 29.6 4744437 52.351.6 | 48:650.8 | 39.9 | 22.125.4 |'5.710.0 | -6.0
Avg Min - - - -
Temp (°F) 202 | 305 | 224 -4.5 21.017.7 32.7 43.438.5(|41.038.9 | 31.3 15.2 -2.3 19.6
Avg Total

Precip (in.) 0.17 | 0.03 | 0.1 0.17 0.05 0.31 1.67 1.78 0.72 0.42 0.15 | 0.12
',?‘g’l?(sirr]“)"’é’ ND | ND|[ ND | ND ND ND ND ND | ND | ND ND | ND
Avg Snow

Depth (in.) 7 7] 10 12 7 0 0 0 2 5 6

Source: Western Region Climate Center 9/2/1949 to 3/31/1958 (http:/www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ak7442).
ND - no data available

Table 3.1.1-3 Wainwfight Périod of Record Climate Summary’

Parameter Jan | Feb | Mary/Apr—| May Jun” Jul Aug Sep Oct Nov | Dec
Avg Max Temp(°F) |"-6.4_ |2.9 -8.3 8479 | 27.226.9 |745.141.6 | 51.850.0 | 4847.3 37.436.7 | 22.323.0 | 78.0 | -55
Avg Min Temp (°F) | -21.2 |"-26.9 |)-22.4 | -6.8 19.515.2 | 34.830.3 | 4036.3 39.036.1 | 32.228.1 | 16.812.2 | -4.7 | -18.6
Avg TotalPrecip (in) 0.15 | 0.1 [ 0.5 | 0.3 0.2 0.26 1.65 2.11 053 0.8 0.18 | 0.09
Avg Snow Falh(in)> [ 09 [ 11 |02, | ND 0.2 0 0 0 1.2 0 0 08
Avg Snow Depth (in.) 6 7 8 9 10 4 0 0 0 2 4 5

?ISource: WestermRegion Climate Center 9/1/1949 t9'9/28/2012 (http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ak9729).
“ND - no data available

The sun remains below the horizon in the project area from December to January. Daylight hours
representative of the‘area (70°4North) latitude are presented in Table 3.1.1-4.
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Table 3.1.1-4 Daylight Hours by Month in the Chukchi Sea at Latitude 70° North

1

May June! July ! August September * October *

18.4 hr. 24.0 hr. 24.0 hr. 20.3 hr. 15.1 hr. 10.7 hr.

! Average hours of daylight at 70 degrees north latitude for the first day of each month. From the University of Nebraska-Lincoln astronomy
group: http://astro.unl.edu/classaction/animations/coordsmotion/daylighthoursexplorer.html

3.1.2 Climate Change

Many factors contribute to climate change. On a large scale, the orbitaleconfiguration of the earth
described by Milankovitch (1998) has affected the glacial cycles over the Quaternary Period (last 1.6
million years). Milankovitch cycles include the orbital eccentricity (orbital shape) which has a periodicity
of 100,000 years, obliquity (tilt angle of the earth’s axis which varies between 22.1 and 24.5 degrees)
with a periodicity of 41,000 years, and precession (axial rotation) which has-a periodicity of 26,000 years.
These changes in orientation and movement change the ameunt ef solar radiation reaching specific
locations on the Earth, which influences the Earth’s climate systemrand global glaciabeycles.

There are also natural cyclical variations or oscillations i the domipant patterns of sea-level pressures in
the world oceans. These oscillations have positive @nd negative phases depending on‘where the high-
pressure system is located. During the positive phase for the Arctic @scillation (AQ), the high pressure is
located around 45° N and the low pressure is located over the pole. During this phase, Alaska typically
receives wetter weather due to ocean storms moving further northjthe western U.S. typically has drier
conditions, and east of the Rocky Mountains is,often warmer than‘normal. Weather patterns during the
negative phase tend to be opposite of those oceurringiduring the positive phaserof the oscillation. The AO
has historically alternated, but since the 1970%s, the“ascillation has been in a positive position, causing
higher than normal temperatures and lower than‘normal arctic air_pressure (National Snow and Ice Data
Center 2009).

Likewise, the North Atlantic Oscillation (NAQO) and the Pacific Decadal Oscillation (PDO) affect the
climate in their specifigfocean realms. The NAO is more tied to the Arctic Oscillation because the cold
meltwater flows intothe Atlantic Ocean (ACIA 2005). \Ehereffect of climate change on the oscillations is
still under investigation. “Changes predicted by models, incorporating increased greenhouse gas
concentrations, have,not been realized by20th century observations of the AO/NAO patterns (Fyfe 2003).
Recent studigs at the Woeds Hole Oceanographic-institution (WHOI) using measurements from a brain
coral haye indicated that anthropogeniciwarming does not seem to alter the polarity of oscillation phase
on a multi-decadal timescale. However, thesvariability of phase changes appears to be increasing, which
could increase the severity of storms and droughts (WHOI 2009).

The Council“en Environmental Quality (CEQ) has issued draft guidance under NEPA indicating that
climate change is arxeasonably foreseeable impact of greenhouse gas (GHG) emissions. In 2012, the total
GHG emissions from all sources in the U.S. were 6,525.6 million metric tons (MMt) of carbon dioxide
equivalent (CO.e) (U'S. EPA2014). This figure is down from the previous year with total U.S. GHG
emissions having decreased from 2011 to 2012 by 3.4 percent (U.S. EPA 2014). Industrial sectors in the
U.S. accounted for 1,821.2 MMt CO.e or 28% of the total GHG emissions. The total projected emissions
from all Alaska sources were estimated at 56.5 MMt CO,e for 2012 (ADEC 2008a). For comparison,
Shell’s EP would generate 0.16 MMt CO.e per year, or 0.3% of Alaska’s estimated annual emissions.

Over the last few decades, the absorption of atmospheric CO, by the ocean has resulted in an increase in
the acidity of ocean waters with a subsequent decrease in the availability of carbonate ions and a
suppression of the saturation states of calcium carbonate minerals (Orr et al. 2005, Bates 2007, Byrne et
al. 2010). These physical processes are collectively termed ocean acidification, but have occurred
naturally over geologic time scales (Zachos et al. 2005).
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Ocean acidification could be exacerbated in the Arctic because cold ocean waters retain more CO, and
precondition the seawater to have lower calcium carbonate concentrations and saturation states than do
more temperate ocean environments, potentially making Arctic Ocean shelves more vulnerable to ocean
acidification (Orr et al. 2005, Bates and Mathis 2009, Steinacher et al. 2009). Ocean acidification in the
Arctic is also a concern due to the combined effects of increased freshwater input from melting ice and
snow, seasonally high rates of primary production (Bates and Mathis 2009, Bates et al. 2009), and
increased CO, uptake as a result of sea ice retreat (Steinacher et al. 2009). Bates et al. (2009) and others
(e.g., Mathis et al. 2007, 2009 and Mathis 2011, 2012) have begun reporting detectable effects of
decreasing pH on the seasonal saturation states of inorganic carbonate in the Chukchi Sea.

A projected consequence of continued increases in atmospheric CO, levels ishan acceleration of ocean
acidification. This could result in a reduction of suitable marine habitat forbenthic and pelagic organisms
that produce structures (shells) made of calcium carbonate (Caldiera and Wickett 2003, 2005), with
unknown, but potentially significant food web consequences in marine ecosystems (Fabry et al. 2008,
2009).

There are few historic data for establishing climatic trends in the Arctic; the meteorological station
density in Alaska is one station per 38,600 square mi (mi?) (100,000 km?). The overall'temperature trend
increased during the 20th century; however, a period¢of decreasingytemperatures occurredsbetween the
mid-1940s and mid-1960s. Between 1900 and 2003, “data from /the Global Historical Climatology
Network database (Peterson and Vose 1997) and Climate Research Unit database (Jones and Moberg
2003) dataset indicate a warming trend of 0.16 degrees Fahrenheit (°F) (0.09 degrees Celsius[°C]) per
decade (ACIA 2005).

In Northwestern North America, between 1966 and»2003, arctic temperatures increased 1.8-2.6 °F (1-2
°C). In Alaska, the average temperature change between 2947 and 2008 was 3.1 °F (1.7 °C); individual
stations in Kodiak and Barrow recorded the lowest and_highestyitemperature changes of 1.0 °F (0.5 °C)
and 4.3 °F (2.4 °C), respectively. The most dramatic témperature change for Alaska is during the winter
when the average temperature increase has been 6.0:°F (3.3°C). The increase is not linear and reflects the
polarity of the Pacific Decadal Oscillation (PDO). A cooling stage from 1949-1976 abruptly changed as
the PDO moved intoapositive phase. Since that time; there has been very little temperature change in
most of Alaska except in Barrow and Talkeetna with increases of 4.0 °F (2.2 °C) and 2.2 °F (1.2 °C),
respectively, and a decrease 0f2.3 2F (1.3 °Cin.Kodiak (Alaska Climate Research Center 2009).

Climate models project more warming,in the Arctic compared with the rest of the world (IPCC 2007). At
this timedthere is no definitive evidence,of an anthropogenic signal in the Arctic causing this warming.
Data are fewer and natural“fluctuations aresgreater in the Arctic than the rest of the world, making it
challenging te detect any anthropomorphic signal (ACIA 2005). Temperature variations in Eurasian and
North American, regional studies are probably not due to natural variability alone (Karoly et al. 2003,
Zwiers and Zhang, 2003 and Stott et al. 2003) and tend to support the conclusion that temperature
variations in North America and Eurasia probably are not due to natural variability alone.

Traditional Knowledge (TKJ) can provide additional insight to arctic climate changes. Alaskan Natives
who live within coastal communities along the Bering, Chukchi, and Beaufort Seas have noticed changes
in the weather, oceans, and resources. Over the past 20 years, extreme weather such as strong winds and
storms are increasing from Elim to Barrow (ACIA 2005). “Weather temperatures have been warmer in
recent years than they have been in the past” (as quoted in Shell 2008). Warming conditions have
affected sea ice as well. Increased temperatures and winds prevent the sea ice from setting up in the fall
delaying the freezing season; early spring melting decreases the safety of the spring ice for hunting.
“Multiyear ice near the North Slope shoreline is not as prevalent as it was a half a generation ago.” (Shell
2008). Ice conditions have deteriorated to the point that some whalers from Barrow are choosing not to
spring whale hunt due to safety concerns. Changes in wildlife have also been recorded in the Bering Sea.
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There has been a decrease in spotted seals and chum salmon and the spring bird migrations are earlier
(ACIA 2005).

3.1.3 Air Quality

The EPA established National Ambient Air Quality Standards (NAAQS) for six criteria pollutants to
provide protection from adverse effects on human public health and public welfare. The six criteria
pollutants are:

e carbon monoxide (CO)

e nitrogen dioxide (NO,)

o particulate matter (PM,s and PMy)
o sulfur dioxide (SO,)

o 0zone (Oy)

o lead (Pb)

The Clean Air Act established two types of national air guality standards. Primary standards set limits to
protect human public health, including the health of ‘’sensitive” populations such as asthmatics, children,
and the elderly. Secondary standards set limits to protect public welfare, including protection against
decreased visibility, damage to animals, crops, vegetation, and buildings (EPA 2013a). The Primary and
Secondary NAAQS are identical for the following criteria pollutants: annual average nitrogen dioxide,
24-hour PMyg and PM,s, Oz, and Pb. The annual PM, s Secondary"NAAQS is less strict than its Primary
standard, and there is no Secondary NAAQS for carbon monoxide.

The NAAQS set a limit to the concentration ofithe criteria,pollutants in the ambient air. When an area
does not meet the air quality standard for one of the criteria pollutants, EPA designates the area as a
nonattainment area. The Clean Air Act sets forth the regulatory process to be applied to an area in order
to comply with the standards by a designated date. This date varies by the type of pollutant and the
severity of the nonattainment air quality problem. Asof 4 January 2013, the State of Alaska adopted the
federal NAAQS as Alaska Ambient Air Quality Standards.(AAAQS) for the six criteria pollutants with
one exception; the State of ‘Alaska has not yet revised its'‘annual PM, s standard to be consistent with the
federal standard of 12 pg/m® (promélgated 14:Decembér 2012). The State of Alaska has established state
ambient standards for two air pollutants, reduced sulfur compounds and ammonia (ADEC 2013a). The
NAAQS and AAAQS are summarized in Table 3.1.3-1.

The onshore area adjacentto the ChukechivSea is the Northern Alaska Intrastate Air Quality Control
Region (AQCR) 9. The EPA has designated this region as Class Il and in attainment or unclassifiable for
all criteria air centaminants pursuant to 40 CFR 81.302. The closest existing nonattainment area to the
Lease Sale 193"Area is a portion of the Fairbanks North Star Borough located approximately 590 mi (950
km) southeast of the project arga, which EPA designated as nonattainment for PM, s in December 2010.
The Eagle River area ofyAnchorage, located approximately 780 mi (1,260 km) from the project area, is
also designated as nonattainment for PMy,. The nearest PSD Class | area is Denali National Park,
including the Denali Wilderness but excluding the Denali National Preserve. Denali National Park is
located approximately 650 mi (1,050 km) south, southeast of the project area (ADEC 2013b).

The existing air quality in the Lease Sale 193 Area and adjacent onshore areas is considered to be good
because of the lack of pollutant emission sources. Concentrations of regulated air pollutants are much
lower in the area than the maximum allowed by the NAAQS and AAAQS.

Emissions in the area come primarily from electrical power generating facilities in small villages such as
Barrow, Wainwright, Point Lay, and Point Hope. Small amounts of pollutants are also emitted from
vehicles such as cars, trucks, and all-terrain vehicles (ATVs) and heavy construction equipment such as
bulldozers and graders. Industrial sources exist within the oil fields near Prudhoe Bay located to the east,
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and at the Red Dog Mine well south of the Lease Sale 193 Area, but both have little effect on ambient air
guality in northwest Alaska onshore areas.

Arctic Haze

Air quality on the North Slope is affected regionally by arctic haze and locally by smoke and windblown
dust. Arctic haze refers to the visible haze layers observed generally in late winter and spring in arctic
Alaska and Canada far from any known sources of pollution. Scientists believe the pollutants known as
arctic haze are transported to arctic Alaska from Europe and Asia. The haze consists primarily of sulfate
aerosols and soot (Wilcox and Cahill 2003). These pollutants are effective at scattering light and reducing
visibility. Even under haze conditions, however, the concentrations of thesedqpollutants are low and found
several miles (several kilometers) above the ground.

Onshore Air Quality

Shell (AECOM, Inc. 2010a) established an air quality monitoring station at Wainwright in November of
2008 to collect data in support of air quality permitting efforts."Data for 2009-2013 is summarized in
Table 3.1.3-1. Short-term average data (e.g., 1-hour, 3-hodr, etc.) collected from July through November
and full year annual average data for 2009 through 2043 are summarized and compared to.the NAAQS
and AAAQS in Table 3.1.3-1 for carbon monoxide (CO), nitregen dioxide (NO,), particulate matter < 10
microns (PMy,) and particulate matter < 2.5 microns (PM,5), 0zoné (Os)'and sulfur dioxides (SO,). All
measured concentrations of criteria air pollutants were well below NAAQS and AAAQS during these
periods.

Table 3.1.3-1 NAAQS, AAAQS, and Measured Pollutant,Concentrations, Wainwright 2009-2013

; i e c | Wainwright ©
Pollutant,  Averaging Times NAAQS * AAAQS® V(\{zzgggvgbglg'c) Jul -Ngv
(2009-2013)
co 8-hr avg 9 ppm (10 mg/m®) ° 9 ppm ® 1 ppm 1 ppm
1-hr avg 35 ppm. (40 mg/m°) © B5 ppm"” 1 ppm 1 ppm
NO Annual (Arith mean) 0.053 ppm (100 pg/m) 0.053 ppm ° 0.001 ppm 0.001 ppm
2 [1-hravg 0.1 ppm (188 pg/m°) ° 0.1 ppm?® 0.032 ppm 0.028 ppm
PMy, | 24-hravg 150 pg/m*® 50 ug/m**® 80 pg/m°® 80 pg/m’
PM Annual (Arith Mean) 12 pg/m®’ 15 pg/m® 3.1 ug/m® 3.3 ug/m’
25 | 24-hr avg.2005 std 35ug/m*® 85 pg/m® 18.2 ug/m® 18.2 ug/m®
o8 8-hour avg 2008:std 0.075.ppm (150 pg/m’)°® 0.075 ppm°® 0.05 ppm 0.04 ppm
Annual (Arith‘mean) Not Applicable 0.03 ppm (80 pg/m°) 0.0003 ppm 0.0002 ppm
SOSO0, 4 24-hr avg Not Applicable 0.14 ppm (365 pg/m®) 0.004 ppm 0.002 ppm
3-hr avg 0.5 ppm (1,30041g/m°) 9 1,300 pg/m®® 0.007 ppm 0.005 ppm
1-hr avg 0.075 ppm_ (196 pg/m°)* 196 ug/m’ 0.007 ppm 0.006 ppm

# National Primary and Secondary Ambient Air Quality Standards, 40 CFR Part 50, February 22, 2013

® State of Alaska Ambient Air Quality Standards, 18 AAC 50.010, January 4, 2013

¢ Maximum measured values from station at:Wainwright for 2009 through August 2013 as reported in quarterly monitoring reports and electronic data
provided in reports by AECOM, Inc. and SLR International Corporation. Seasonal July-Nov. data is represented by maximum values reported for
3 and 4™ quarters only.for'2009- through 2012: for 2013 this covered only Quarter 3 (July and August). The Wainwright monitoring station was
shutdown in August 2013:

“ No secondary standard

¢ Primary standard is the same as secondary standard

f Secondary standard for annual PMysis 15 [1g/m®

9Secondary standard
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Offshore Air Quality

Background concentrations of air pollutants are expected to be quite low in the drilling lease blocks of the
Chukchi Sea because there are no permanent or substantive sources of pollution in the vicinity. The
nearest land is 64 mi (103 km) from the lease area, and the ocean is uninhabited except for occasional
small groups occupied with seasonal subsistence hunting and fishing. The Prudhoe Bay region is the
major source of air pollution along the northern coast of Alaska, but it is located more than 300 mi (482
km) east of the Burger Prospect.

Air quality monitoring of offshore regions is extremely rare because monitors are typically located in
regions where air pollution is a concern, such as urban industrialized areas. An exhaustive search reveals
no source of offshore background monitoring data within the Arctic except upper atmosphere satellite
data. Continuous monitoring at the surface would be difficult, costly, and.impractical due to the extreme
marine and atmospheric conditions that occur on the Arctic Ocean.

The only monitoring station that could be considered remotely representative to the offshore region in
guestion is a U.S. IMPROVE monitoring station located in<Simeonoff, Alaska, an island in the upper
Aleutian chain. The IMPROVE monitoring network measures air quality and visibilityin sensitive Class |
areas within the U.S., which include relatively pristine national parks and wilderness areas. The
Simeonoff station recorded PM,s and PM;, backgreund cencentrations from September 2001 through
December 2004. These concentrations, summarized in Table 3.143-2xmay provide an indication of
background particulate matter concentrations in a relatively pristine near-shore environment in western
Alaska.

Table 3.1.3-2 Summary of Simeonoff IMPROVE Station Observations in 2001-2004

Observation PMss (ng/m’) PMy, (pg/m®)
Records 368 365
Min. 0.33 0.95
Max. 16.41 26.5
Average 2.95 7.38
Standard._Deviation 212 4.97
98th Percentile 9.34 219

Onshore‘ambient air quality monitors located on the North Slope of Alaska may also provide an estimate
of the offshore background air guality at the lease blocks. However, due to the proximity to stationary
industrial “sources, vehicles, wind-blown dust, and other onshore sources, pollutant concentrations
measured at onshore monitors would likely be much greater than measurements offshore. Therefore, the
onshore data provides very conservative background values.

Onshore monitoring“along the North Slope has been conducted sporadically over the past decade by
commercial entities such as British Petroleum Exploration Alaska Inc., ConocoPhillips Alaska Inc., and
Shell. These sites are concentrated near Prudhoe Bay, but a private station owned by ConocoPhillips
Alaska Inc. was located in Wainwright, Alaska. The Wainwright site likely presents the most
representative data for the lease blocks considering its proximity, but even these data sets are likely to
significantly overstate offshore concentrations. Maximum values measured at the Wainwright site are
reported in Table 3.1.3-1. Potential effects on air quality from Shell’s planned exploration drilling
program in EP Revision 2 are discussed in Section 4.1.
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3.2 Oceanography and Water Quality

The Chukchi Sea is the northernmost shelf sea bordering western Alaska. It encompasses the waters north
of Bering Strait to Point Barrow, Alaska, in the east and Wrangel Island and the Russian Chukotka coast
in the west (Figure 3.2.2-1). This section summarizes available information on the regional bathymetry,
water level variations and movement, fluctuations, and water circulation and currents in the northeastern
Chukchi Sea and Shell’s Burger Prospect. Oceanographic and atmospheric connections between the
Chukchi Sea and Pacific Ocean strongly influence the Chukchi Sea’s wind and wave regime, its seasonal
sea ice distribution, regional hydrologic cycle water masses and circulation characteristics. The
oceanographic connection that draws water from the Bering Sea into the Chukchi Sea is the result of a
large-scale pressure gradient between the Pacific and Atlantic oceans (Coachman et al. 1975).

321 Bathymetry and Relief

The blocks and planned drill sites for Shell’s exploration drilling program are lecated on the relatively
shallow continental shelf of the Chukchi Sea. Major seafloof topegraphical features, near Shell’s Burger
Prospect are Hanna Shoal to the northeast and Herald Shoal to the southwest. Water depths over most of
the Lease Sale 193 area range from approximately 100-260 ft. (30-56,m), with the exception ofthe shoals,
which rise to approximately 66 ft. (20 m) depth below sea level. Water depths at the planned drill sites
and vicinity are presented in Table 3.2.1-1. Bathymetry andseafloor relief in the vicinity of the proposed
drill sites is described below. (Note that there have been no identified changes to bathymetry and relief
since the EIA was prepared for EP Revisiomyl, with the exception‘of Shell’s exploration activity at Burger
A during the 2012 season.)

Table 3.2.1-1 Water Depths at Exploration Blocks'and PlannedPrill Sites

Drill Site OCS Block WaternPepth Range within\Block Water Depth at Proposed Drill Site
Burger A Posey 6764 147 —153 ft. 44.9 -46.6 m 150 ft. (45.8 m)
Burger F Posey 6714 145 — 156 ft. 442 -4704m 149 ft. (45.4 m)
Burger J Posey 6912 143 - 146 ft. 43.5-445m 144 ft. (44.0 m)
Burger R Posey 6812 139 — 146 ft. 42.3-44.6m 143 ft. (43.7m)
Burger S Posey 6762 143 — 150 ft. 435-457m 147 ft. (44.8 m)
Burger V Posey.6915 144 —149 ft. 43.9=454m 147 ft. (44.8 m)
Burger A

The seafloor in the vicinity“of the proposed Burger A drill site is largely flat with a low gradient and
featureless.exeept for ice gouges. On average the seafloor near the Burger A drill site slopes very slightly
(< 19 to the southeast but is; virtually horizontal. Several ice gouges cross the block exhibiting a
northeast-southwest, preference Gouge troughs are as much as about 1.3 ft. (0.4 m) deeper than the
elevation of the surrounding seafloor, and the associated ridges can rise by about as much as 2.3 ft. (0.7
m). Widths of gouges typically range from approximately 66-98 ft. (20-30 m). The nearest prominent
gouge is located approximately 1,854 ft. (565 m) southeast of the drill site, where the total relief from top
of ridge to bottom of trough is about 1.3 ft. (0.4 m). Comparison of 1989 and 2009 data sets, which
overlap, indicates that while ice gouging has had significant impact on the seafloor at the survey site,
there has been no identifiable ice gouging in the last 20 years (Fugro GeoConsulting, Inc. 2010Db).
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Burger F

The seafloor in the vicinity of the proposed Burger F drill site is largely flat with a low gradient and
featureless except for ice gouges. On average the seafloor appears to slope very slightly (< 1°) to the
southeast, but is virtually horizontal. Ice gouges crisscross the block, with most gouges exhibiting an east-
west preference. Gouge troughs are as much as about 5 ft. (1.5 m) deeper than the elevation of the
surrounding seafloor, and the associated ridges can rise by about as much as 3.28 ft. (1.0 m). Widths of
the mapped gouges typically range from approximately 66-98 ft. (20-30 m). The nearest prominent
gouge is located approximately 82 ft. (25 m) south of the drill site, where the total relief from top of ridge
to bottom of trough is about 5 ft. (1.5 m). Comparison of 1989 and 2009 data sets, which overlap,
indicates that while ice gouging has had significant impact on the seafloor‘at'the survey site, there has
been no identifiable ice gouging in the last 20 years (Fugro GeoConsulting, Inc. 2010c).

Burger J

The seafloor in the vicinity of the proposed Burger J drill site ig\largely flat with the notable exception of
several ice gouges that crisscross the block exhibiting bothseuthwest-northeast andynorthwest-southeast
trends (GEMS 2009). Gouge troughs are as much as about 1.6 ft. (0.5 m) deeper than the elevation of the
surrounding seafloor and the associated ridges can sisesas much“as about 1.6 ft. (0.5wm) above the
seafloor. Widths of the mapped gouges typically range from approximately 66-164 ft.|(20-50 m). The
closest gouges are located about 328 ft. (100 m) to the northwest and 328 ft. (100 m) to the southeast of
the drill site. The northern gouge has relief up to 3.28 ft. (1.0 m) from the sediment ridge to trough base,
while the southern gouge has less than 1.6 't (0.5 m) of relief from ridge to trough base. GEMS (2009)
commented that a few of the gouges appeared to be, ‘fresh-looking gouges based upon sharpness” but did
not speculate as to how recently they had beenformed.

Burger R

The seafloor in the vicinity<of the proposed Burger R drill site 4s largely flat with a low gradient and
features a low-relief, elongated (northwest —southeast trending) slight topographic high to the northeast of
the proposed drill sites£Locally, the seafloor is irregulanand the gradient is higher due to the presence of
ice gouges. lce gouges “crisscross /the block, with imost gouges exhibiting a northeast-southwest
preference. Gouge troughs are :as¢much ‘aspabout 39 ft. (1.2 m) deeper than the elevation of the
surrounding seafloor;yand the associated ridges can rise by about as much as 2.8 ft. (0.86 m). Widths of
the mapped gouges typically range from approximately 98-263 ft. (30-80 m), with the exception of an
approximately 394 ft. (120 m), wide gouge trending west to east in the northern half of the survey area.
The pearest,prominent gouge is\located ‘approximately 410 ft. (125 m) north of the drill site, where the
total relief'from top of ridge to bottomof trough is about 3.0 ft. (0.9 m). Comparison to other nearby
shallow hazard survey data within the vicinity of the Burger R drill site suggest that while ice gouging has
had significant impact on the seafloor at the survey site, there has been no identifiable ice gouging in the
last 20 years.

Burger S

The seafloor in the vicinity of the Burger S drill site is largely flat with a low gradient and featureless
except for ice gouges (Fugro GeoConsulting, Inc. 2010d). On average the seafloor appears to slope very
slightly (< 1°) to the northeast but is virtually horizontal. Ice gouges cross the block, with overall gouge
trends appearing to be random. Gouge troughs are as much as about 2.0 ft. (0.6 m) deeper than the
elevation of the surrounding seafloor, and the associated ridges can rise by about as much as 1.3 ft. (0.4
m). Widths of the mapped gouges typically range from approximately 66-98 ft. (20-30 m), with the
exception of a 492-656 ft. (150-200 m) wide, arc-shaped gouge in the southwest portion of the survey
area. The proposed drill site is approximately 2,870 ft. (875 m) south of the ice gouge with the greatest
total relief. The total relief from the top of ridge to bottom of trough of this east-west trending ice gouge
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is about 3.3 ft. (1.0 m). Comparisons to other nearby shallow hazard surveys in the vicinity of the Burger
S drill site suggest that the rate of gouging on the Chukchi Shelf is low. These studies indicate that while
ice gouging has had a significant impact on the seafloor nearby the Burger S drill site, that there has been
no identifiable gouging in the past 20 years (Fugro GeoConsulting, Inc. 2010d).

Burger V

The seafloor in the vicinity of the Burger V drill site is largely flat (very slight dip to the northeast) and
featureless except for ice gouges (Fugro GeoConsulting, Inc. 2010f). Locally, the seafloor is irregular and
the gradient is higher due to the presence of ice gouges. Ice gouges cross the block, with most gouges
exhibiting a northeast-southwest preference. The exceptions are two northwest=southeast trending gouges
in the northeast portion of the survey area. Gouge troughs are as much as@bout 1.6 ft. (0.5 m) deeper than
the elevation of the surrounding seafloor, and the associated ridges can rise by about as much as 2.3 ft.
(0.7 m). Widths of the mapped gouges typically range from approximately:82-148 ft. (25-45 m), with the
exception of an approximately 787 ft. (240 m) wide gouge trending northwest-seutheast in the northeast
portion of the survey area. The nearest prominent gouge .S lecated approximately 590 ft. (180 m)
northwest of the drill site, where the total relief from top offridge to bottom of trough'is about 2.3 ft. (0.7
m). Comparison to other nearby shallow hazard survey data within the vicinity of the'Burger V drill site
suggests that while ice gouging has had significant impact,on the seafloor at the survey site, there has
been no identifiable ice gouging in the last 20 years (Fugro ‘GeoConsulting, Inc. 2010f).

3.2.2 Water Movement and Residence Time

Ocean currents move Pacific water through the Chukchi Sea, traveling from the Bering Strait to the Arctic
Ocean. Three water masses move through the Bering,Strait, the nutrientsrich Anadyr Current passes
through the western channel of the Bering Strait while‘the'Bering Shelf"Water and the Alaska Coastal
Water travel through the eastern channel of the ‘BeringgsStrait. BeringrSea Water of the Chukchi Sea is
formed by the mixing of thesAnadyr Current and\the Bering Shelf Water. An additional water mass
outside of the Bering Strait, the Siberian Coastal Current, is a seasonal current that moves from north to
south along the Chukotka Peninsula of Russia (MMS 2007b).

The mean flow through the Chukchi/Sea is northward ‘along three recognized general pathways of flow
that are influenced largely by topography (Weingartner and Danielson 2010, Weingartner et al. 2011).
These pathways of flow are shown,in Figure3.2.2-1. The first pathway of flow is the Alaska Coastal
Current, which moves-along, the Alaskan Chukchi coast and flows into the Arctic Ocean through Barrow
Canyon«The second pathway flows northhand west of Herald Shoal, and through Herald Valley. The third
pathway: flows between Herald Shoal and Hanna Shoal, along the Central Channel, in the area of Shell’s
planned drill sites. The nutrient content of the waters varies throughout the Bering Strait, and the western
Chukchi Sea waters are generally richer in nutrients than the eastern Chukchi Sea waters (Woodgate et al.
2005).

Mean flow velocity in the central Chukchi Sea is 0.1 knot, and the mean flow velocity along the Bering
Strait, Herald Valley, and Barrow Canyon ranges from 0.2-0.4 knot. The highest flow velocities occur in
the Bering Strait, with individual 1-hour averages that peak at 1.9-2.9 knots. Although the mean flow in
the Chukchi Sea is northward, flow reversals frequently occur. These flow reversals are generally due to
wind effects, including a strong mean southward wind. Flow reversals are common in the Bering Strait,
Herald Valley, and Barrow Canyon and can persist for more than a week (Woodgate et al. 2005).

The temperature and salinity of the Chukchi Sea waters show an annual cycle in which the water cools in
the autumn, increases in salinity in the winter, and warms and decreases in salinity in the spring and
summer. The Anadyr waters that flow through the Bering Strait bring cold, high-salinity waters into the
western Chukchi, while the eastern Alaska Coastal Waters from the Bering Strait are warmer and have a
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lower salinity. The temperature and salinity cycles show the greatest variability in the eastern Chukchi
(Woodgate et al. 2005).

Tides in the Chukchi Sea are generally small, ranging from 2-12 in. (5-30 cm), with the largest tides
recorded in the western portion of the Chukchi Sea. Storm surges significantly increase or decrease sea
level from the mean level as a result of meteorological conditions interacting with the physical elements
of the water surface. Storm surges can be severe in the Chukchi Sea, as evidenced by a storm that battered
Barrow on October 3, 1963. Sustained winds of 55 mph (48 kn) were recorded during the storm, with
possible gusts of up to 75-80 mph (65-70 kn). A storm surge of 10-12 ft. (3.0-3.7 m) with concurrent
wave action resulted in flooding and bluff retreat of up to 9.8 ft. (3.0 m) (MMS 2007D).

Residence times of Chukchi Sea waters are variable and are dependent on the frequency of flow reversals,
with an average flow of 2 in/sec (5 cm/sec) across the entire region. This results in residence times of one
month to six months, with longer residence times in winter (Woodgate et al. 2005).

After the waters of the Chukchi Sea flow generally northward, they play a significant role in the Arctic
waters. The Pacific waters that have traveled through the Bering ‘Strait and“acress the Chukchi Sea
provide nutrients for the Arctic ecosystems, influence thedfreshwater balance of the»Arctic Ocean, and
bolster the halocline (warm and cold layers in the water gglumn) in the Arctic Ocean (MMS 2007b).
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Figure 3.2.2-1 Generalized Ocean Currents in the Chukchi Sea
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3.2.3 Sea lce
Pan-Arctic Sea Ice Trends

Sea ice within the Arctic has undergone rapid changes over the past several decades. These changes
include a reduction in summertime ice extent, a shift downwards in the mean age of the ice, and loss of
ice volume. Numerous records in the September minimum extent have been set within the past decade
(Nghiem, et al 2014, Stroeve et al. 2011), Stroeve et al. 2005, NASA 2005, Comiso 2006, and others).
The September 2012 minimum ice extent is now recognized as the most significant summer retreat. The
September 2012 minimum ice extent of 3.41 million km? is approximately 50%. below the 30 year mean
ice extent.

There has been a shift in the mean age of sea ice within the Arctic from older. to younger (Maslanik et al.,
2007; Kwok and Cunningham, 2010). The oldest ice, ice that haséurvived five or more melt seasons, is
nearly depleted. Multiyear ice loss may be attributed to increased export out ofithe Arctic (e.g. Kwok,
2004; Rigor and Wallace, 2004) in addition to an overall risefin Arctic surface temperatures (Polyakov et
al., 2012; Screen and Simmons, 2010; Francis et al., 2005). Loss of old ice in the western Arctic has
progressed at a rate of 4.2 percent annually, and has reSulted in an ‘increase in the coverage.of first-year
ice.

Arctic sea ice began thinning rapidly during the 1990s (Rothrock’et al., 1999). A comparison of sea-ice
draft data between 1993 and 1997, as well_as similar data acquiredybetween 1958 and 1976, shows that
the average ice draft at the end of the melt season has decreased about,10ft (1.3m) in most of the Arctic
Ocean (Yu et al., 2004). The decrease was larger.in the central and eastermyAretic than in the Beaufort and
Chukchi Seas (Rothrock and Zhang, 2005).

Warmer waters are now flowing into the Pacific sector of the'Arctic.Ocean due to recent oceanic heating
(Steele et al., 2008; Polyakov.etsal., 2007; Shimadaet‘al., 2006). This may result in a continued increase
in the temperature of the Chukchi"Seanin future years.

Sea Ice in the Chukehi Sea

Three different periods of ice_coverage cambe defined'for the Chukchi Sea: 1) Freeze-up — a transition
period when new anchthin ice forms,on the sea surface, 2) Winter when the ocean surface is ice covered,
and 3) Break-up the second, transition'period with thick ice present accompanied by increasing ice decay
and open'water. There areimany different,forms of ice that can be found within the Chukchi Sea during a
winter'season, but all sea ice can be categorized into three main categories: first-year ice, multiyear ice
and landfast ice.

First Year Ice

Ice found within the Chukchi Sea is mainly a form of first year sea ice. First-year ice growth is related to
freezing degree days (FDD)swhich is defined by the difference between the temperature at which sea
water freezes (~-1.9 °C'or 29 °F) and the average daily surface air temperature. FFD are summed from
the start of freeze-up and are used in equations such as those presented in Brown and Cote, 1992 to
calculate a theoretical ice thickness. The theoretical thickness estimate is for an ice sheet growing within
a stationary environment, such as a bay or behind a barrier island. Recent data (surface air temperatures at
Barrow, Alaska) has shown a decrease in FDD caused by an increase in winter air temperature, which has
resulted in lower ice thickness values. Typical mean ice thickness values are now in the 60 inch (1.5 m)
range as opposed to the 80 inch (2 m) range observed in the 1980s — 1990s.

In moving ice environments like the offshore region, leads (open water areas between ice floes) will often
form causing the sea surface to refreeze and begin the growth processes again. Alternatively, sea ice can
be rafted, when ice sheets slide over one another to form thicker ice. Also, ice floe interaction can cause
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deformation, when large ridges form. Any ice movement can thus cause a variable range of thicknesses
to be found in the offshore environment.

Multiyear lce
Multiyear ice can be found in the Chukchi Sea at the prospect sites, but not on an annual basis.

If ice survives one summer season, it is called second year ice. If it survives a second summer or more it
is called multiyear ice (MYI). In reality, unless an ice feature is clearly tracked over its life, it is
extremely difficult to separate second year ice from multiyear. MY1 can be found in the Polar Pack of the
Beaufort Gyre which is north of the Alaskan coast and extends into the northern Chukchi Sea (north of
72° N). At Point Barrow, the Beaufort Gyre is at its closest point to Alaska#IMY. does enter the northern
Chukchi Sea, poleward of the prospect sites, on an annual basis during the‘winter.

Landfast Ice

Landfast sea ice, also known as shorefast sea ice, is a ribbon of icethat is fastened to the shore by either
direct freezing to the seabed or by anchoring on its seaward edge,by grounded ridges. The ice shoreward
of the grounded ridges is considered stable and often has aswidth of 5 to 10km (3'te 6mi), but temporary
extensions to greater widths can occur (Mahoney et al. 2007). The stable shorefast ice zone can often be
frozen to the seabed in water depths less than 1 to X5m (3 to 5ft). VA region’s bathymetry, local ocean
currents, and prevailing wind direction are key variables that ean impactithe extent of the stable landfast
ice zone. Land fast ice is minimal off the Alaskan Chukchi“coastline due to easterly winds that often
cause offshore ice motion.

Ice Movement

The direction of ice movement is controlled by winds, ocean currents and the ability for ice to move into
ocean areas unoccupied by sea ice or with lower concentrations of sea ice. lce movement beyond the
Chukchi Sea landfast ice zone tends to be nearly‘continuous with few periods of little to no ice motion
(See Mudge, et al. 2010, Fissel et al., 2010, and RosS et al. 2010, for annual statistics.) As can be noted,
during early winter, ice is in continuous motion and'it is not until January that periods of little or no ice
motion appear. By April, ice is again in almost continugus motion. January is the month with the largest
percentage of little or no mation; on the order of 20%.

Ice motion in the Chukchi Sea differs from the ‘Beaufort Sea as it lacks a large scale circulation feature
such as the Beaufort Gyre. The Chukehi Sea ice pack movement is dominantly driven by easterly winds,
which pull'ice away from the Alaskan coastline creating a coastal flaw lead (a linear waterway opening
between the moving pack ice and the landfast ice) that will continue to expand for the event duration.
New ice willform in the lead causing varying ice thickness to be found in lead. The width of the flaw lead
can reach asimuch as 100 nm during a lengthy period of easterly winds. Alternatively, westerly winds that
often occur inthe Chukchi Sea push sea ice back towards the coast closing the flaw lead and causing ice
deformation

3.2.4 Turbidity andDissolved Oxygen

The erosion of organic material from along the coastlines due to storms that bring high winds and onshore
flooding can locally increase turbidity and lower oxygen levels. However, these effects are limited to
waters less than 16 ft. (5 m) deep. The formation of sea ice in the winter can also change the local water
quality by removing particulates as the ice forms and locking the material into the ice cover. This sea-ice
formation results in very low turbidity levels in the winter, due to less wind effect and fewer particulates
in the water (MMS 2007b). Feder et al. (1994b) reported that suspended sediment loads in the water
column within 15 ft. (5 m) of the seafloor range across the northeastern Chukchi Sea ranged from 1-5
parts per million (ppm) in August 1986, with concentrations being in the higher part of the range at Hanna
Shoal near Shell's Burger Prospect.
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3.25 Temperature and Salinity

The water chemistry of the Chukchi Sea is largely controlled by the oceanographic currents that enter
through the Bering Strait. The temperature and salinity of the eastern Chukchi Sea are influenced by the
warm, relatively fresh Alaska Coastal Current. In the summer, fresh riverine waters flow into the Alaska
Coastal Current, forming a hydrographic front along the coast approximately 25 mi (40 km) wide. The
colder, saltier, and nutrient-rich waters of the Anadyr Current flow through the western Chukchi Sea, with
high summer productivity on the relatively shallow continental shelf (Woodgate et al. 2005).

Greater Chukchi Sea ice cover in the fall limits cooling and generates increased ice cover. Salinity in the
water column is also reduced. When the water remains open during the fall gmore heat escapes from the
water, cooling the water, and eventually leading to more intense ice production*and more saline waters.
Typically, the Chukchi Sea water cools during the fall, salinity levels increase during the winter freeze,
and freshwater circulates during increased spring temperatures (MMS 2006a). Increased salinity levels
also bring higher water density during the ice-covered winter season from January to April, and salinity
levels in the Bering Strait contribute largely to the Chukchi Seaysalinity levels{(MMS 2006a). When ice
is formed, salt is expelled into the water column, which leads to greater density“and,an increased water
pressure that drives the ocean to circulate in a horizontal direction. In the springy the melting ice
contributes to greater freshwater reserves (Aagaard 1984). Bering“Sea water moves northgthrough the
Bering Strait and central channel in the summer, replacing-bottom watenfrom the previous winter.

Weingartner et al. (2013 used shipboard CTD, mooring, metearological, glider, and high-frequency radar
data to examine spatial and temporal variations in the circulation and water properties over the CSESP
study areas in 2008-2010. Results included temperature, salinity, beam attenuation, and fluorescence
profiles collected across the 30 x 30 n mi (55 x 55 km),CSESP Burger Study Atrea surrounding the Burger
Prospect. These data support prior notions of circulationvand water masses in the Chukchi Sea, further
documenting the influx of warm, saline, nutrient rich waters from the Bering Sea pushing northward and
normally replacing the cold saline bottom water formedthe previous winter. Water temperatures collected
on a buoy deployed by Shell"in‘the Burger Prospect in 2008-2012 are presented in Figure 3.2.5-1. Data
was not collected at the Burger prospect in 2013 due to ice conditions during deployment attempts. Shell
plans to collect data at‘the prospect in 2014.

Figure 3.2.5-1 Water Temperature in the'Burger Prospect August-November 2008-2012
Chukchi Sea Buoy (Buger Area) Waler Temperabae HHE - 2012

Dagrans (g
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3.2.6 Trace Metals

Trace metal concentrations in the Chukchi Sea are relatively higher in the Russian Arctic Shelf than in the
U.S. portion of the Chukchi Sea; however, this is likely related to natural regional differences rather than
anthropogenic input (Naidu et al. 1997). As a whole, the concentrations of metals remain significantly
below levels that are considered to have potentially adverse biological effects. The northeastern Chukchi
Sea has relatively low metal concentrations, and baseline monitoring efforts are available for comparison
from Naidu et al. (1997). Trace metal concentrations in Chukchi Sea sediments are described below in
Section 3.3.1.

3.2.7 Water Quality

The quality of the water in the Chukchi Sea — meaning the chemical, physical, and biological
characteristics of the seawater — is considered to be relatively pristiné (Naidu et al. 1997, MMS 2007b).
The region is remote, and humans have little direct influence on the water quality because few people live
in the vast region surrounding the Chukchi Sea. In regard teySection 303(d) of, the CWA, the Arctic
Subregion contains no impaired water bodies (ADEC 2006).«<Historic offshore oil'and, gas activities in the
Chukchi Sea have not caused long-term deleterious effects'to biological resources. Thecontaminants that
do occur in the Chukchi Sea are found only at very low levels (MMS 2007b). Potential effects on water
quality from the planned exploration drilling program are ‘discussed in Section 4.1.2.

Hydrocarbons

Hydrocarbon concentrations in the Chukchi Seaare on the order of 1 part per billion (ppb) or less, and are
considered to be of natural origin. The levelsigenerally found in unpolluted marine waters and sediments
correspond with the levels found in the Chukchi Sea (MMS,2007b).

Persistent Organic Pollutants

Persistent organic pollutants (POPS) are carbon-based compounds (normally anthropogenic) that do not
readily degrade, and therefore persist in the environment. They are capable of being transported over long
distances, tend to bioaccumulate in animal tissue, and increase in concentration higher in the food chain.
Many POPs have been used‘orare currently used as pesticides, solvents, or in industrial processes (Ritter
et al. 1995). The_presence of POPs such asmpolychlorinated biphenyls (PCBs) and organochlorine
pesticides (such as dichloro-diphenyl-trichloroethanes, or DDT) in Arctic seawater is generally a result of
circumpolar transport by atmospheric transport and deposition or seawater transport, and river water
transport (Chernyak et al. 1996, Weber ‘et al::2006, Hoferkamp et al. 2010).

Low concentrations of pesticides have been found in the Chukchi Sea. The unique environment of low
temperatures ‘combined with low=intensity solar radiation may result in longer environmental lives for
compounds that.remain on top of sea ice during the winter. As the sea ice melts in the spring, the
compounds are released into the seawater and may have adverse environmental impacts (Chernyak et. al.
1996).

Environmental Impact Analysis
Shell Chukchi Sea 2014 Exploration Plan 3-21 Revision 2 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

Water Quality Degradation

Other large rivers that flow into the Chukchi Sea remain relatively unaffected by human activities,
although they do deposit sediments and carry suspended particles with some trace metals, hydrocarbons
from natural and anthropogenic resources, and other pollutants. The Arctic Monitoring and Assessment
Programme (AMAP 2006) reported that while acidification of surface waters occurs in other arctic
regions (Norway, Finland, and Russia), it is highly unlikely in Alaska due to the low levels of deposition
of acidifying pollutants and the limited regions of sensitive geology.

Generally, any other water quality degradation that exists in the Chukchi Sea is part of naturally occurring
processes. These processes include seasonal biological activity, such as plankton or algal blooms, water
column stratification based on the density and salinity of the waters, natdral oih,or hydrocarbon seeps,
turbidity, and ice.

3.3 Geology and Shallow Hazards

3.3.1 Geology

The Lease Sale 193 Area is located over the U.S. portion of the Chukchi Shelf and is_part of the Arctic
Ocean northwest of the Alaskan coast. The Chukchi Shelfiis a broad, low-relief continental shelf that
gently dips to the north (MMS 2007b). The Chukchi Shelf hasibeen‘subaerially exposedsat various times
of low sea level. During the last glacial maximum (approximately 20,000 years ago), the shelf was
exposed and formed the Bering Land Bridge,between Russia and Alaska.

While the Chukchi Shelf transitions into the Amerasian Basin to thewnorth, it is separated from the
Beaufort Shelf near Barrow by Barrow Canyon, a-northeast-southwest trending relict channel formed
during a period of low sea level. The Herald Ehrust, a Cretaceous thrust fault with basement uplift,
borders the Lease Sale 193 Area to the southwest, separating the Chukchi Platform and Hanna Trough to
the north from the Hope Basin'to the south. The Herald Thrust isjexposed onshore on the Cape Lisburne
Peninsula and extends offshore in‘a northwesterly fashion towards the Russian Chukchi.

The major geologic structure in the Chukchi Sea Planning Area is the Hanna Trough, which trends
generally north-south and is.a@ branch of the east-west trending Colville Basin of North Alaska (Thurston
and Theiss 1987, Sherwood et'al.'2002). The Hanna Trough structure is flanked by the Arctic Platform to
the northeast.and the Chukchi Platform to the west. These shallow platforms are basement highs cored by
the lower Paleozoic Franklinian Sequence.

Stratigraphy

In general, the near-surface geology (upper 3,300 ft. [1,000 m]) of the Chukchi Shelf can be characterized
by nonexistentto thick (0 to >3,300 ft. [0 to > 1,000 m]) Tertiary age clastic strata overlying thick (>
3,000 ft. [914 m]) Cretaceous age clastic strata (Sherwood 1998). Immediately overlying the Tertiary and
Cretaceous rocks in the ' Chukehi Sea area is a thin veneer of Quaternary (Pleistocene and/or Holocene)
clastic sediment. Theseyoungest units (most recent sediments) range in thickness from several feet over
much of the Lease Sale 193 Area, to locally thick areas with accumulations up to 200 ft. (61 m) thick.

Geologic Structure and Petroleum Geology

Five exploration wells have been previously drilled, evaluated, and abandoned (1989-1991) in the U.S.
Chukchi Sea area. These wells encountered thermal hydrocarbons in the Ellesmerian, Beaufortian and
Lower Brookian Sequences (Sherwood 1998). These same sequences contain major oil and gas
accumulations (fields) on the North Slope of Alaska. The Burger Prospect located within the Lease Sale
193 Area was found to have gas in Lower Cretaceous Kuparuk-equivalent sandstones (Sherwood et al.
2002).

Environmental Impact Analysis
Shell Chukchi Sea 2014 Exploration Plan 3-22 Revision 2 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

One recent exploration well, the Shell Gulf of Mexico, Inc. OCS-Y-2280 #001 (Burger A), was spud in
2012 and drilled to a total depth of 1,505 ft. TVD before being abandoned at the end of that season. This
well penetrated approximately 5 ft. of the Upper Brookian and 1,500 ft. of Lower Brookian Sequence
clastics. No hydrocarbons were encountered in this well; however it was not drilled to total objective
depth.

Seafloor Sediments

The shallow seafloor sediments of the Chukchi Sea consist of Pleistocene and Holocene age mud,
gravelly mud, muddy gravel, gravelly sand, and muddy sand, and have, been mapped by several
investigators (McManus et al. 1969, Naidu 1988, Feder et al. 1989, Nelson@tal. 1994). The generalized
map of the distribution of sediment types developed by Nelson et al. (1994) indicates that the shallow,
surficial sediments over most of the Chukchi Shelf, including Shell’s Burger Prospect, are predominantly
mud. Gravels are found on the inner shelf and on the regional bathymetric highs “offshore shoals” such as
the Herald Shoal and Hanna Shoal.

Although much of the Chukchi seafloor is relatively flatf BOEM (MMS 2007b), has described the
occurrence of asymmetric bedforms observed in water depths of less than 49 ft. to 213 ft. (15-65 m) for a
distance of up to 100 mi (161 km) offshore within the lease Sale 193 Area. The bedformsare’interpreted
to be sand waves that are derived from currents or waves associated with storm events, or/that are derived
from these currents or waves in combination with effects of the Alaska Coastal Current.

The thickness of the Pleistocene and Holacene sediments varies aeross the Chukchi Shelf, and can be
locally thick where paleochannels have been filled following a rise in sea level. The paleochannel fill
typically consists of mud, muddy sand and gravel and may exceed 100nft. (30 m) in thickness (MMS
2007b). This is witnessed more often in the ‘northern part of the Chukehi Shelf where paleochannel
features, or remnant paleo streams, cut into older rock-and are _usually filled with younger sediment
deposits.

The reported thickness of Pleistocene and/or Holocene sediments‘immediately offshore of Wainwright is
generally more than 784t. (24 m), which reflects the affshore extension of the Kuk River channel (MMS
2007b). However, the Pleistocene sediments are reporteditosbe much thinner, about 5.6 ft. (1.7 m) thick at
the Burger Prospect, which sits approximately 78 mi (126 km) to the northwest of Wainwright.
Quaternary sediments_in the western portion ofithesChukchi Basin, have been described as ranging in
thickness fram 66-140 fty (20-42 " m) with soft silty clay in the upper 5 ft. (1.5 m) to well-consolidated
sediments‘of silty sandy clay'to a depth of about 80 ft. (24 m) below the seafloor (Fugro 1989b).

Holocene sediments are generally marine silts and clays that locally grade to sands and gravels (Fugro
1990a). Holacene deposits may: caover older, previously exposed Pleistocene lagoons and stream channels,
as well as marenrecent ice gouge depressions (and strudel scour depressions nearer shore). Holocene
sediments are generally thin, about 6.6-16 ft. (2-5 m), and are reported to be about 3.3 ft. (1 m) thick
offshore of Wainwright,(Fugro/1989a).

Depth of Holocene Sediments at the Drill Sites — Shell Geophysical Surveys

Interpretation of shallow hazards survey data over the Burger Prospect at the six proposed drill sites
indicates that the seafloor in the prospect is overlain with a veneer of Holocene sediments that is
relatively uniform, but varies in thickness (Table 3.3.1-1) from 2.6-11.5 ft. (0.8-3.5 m). These Holocene
sediments consist largely of soft silty clays and are underlain by Pleistocene sediments consisting of
sands, silts, and clays of variable strength and Cretaceous strata consisting of hard silts and clay with
some coal and dense sand at the drill sites.
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Table 3.3.1-1 Thickness of Quaternary Sediments in the Vicinity of the Drill Sites

Units Burger A Burger F Burger J Burger R Burger S Burger V
Holocene ft. (m) * ~5.0 (L5) 79(2.4) 11.5 (3.5) 3.6 (L1 11.5 (3.5) 2.6 (0.8)
Pleistocene ft. (m)* | 0 0 0 0 2.0 (0.6) 0

! Inferred from shallow hazards surveys; Source: GEMS 2009, Fugro GeoConsulting, Inc. 2010b,c,d,f; 2011b

Shallow hazards surveys (Fugro 1990a,b,c,d; 1989b) conducted at other historical prospects (Azurite,
Ruby, Tourmaline and Popcorn) located in the Chukchi Sea area similarly concluded that the thin
Quaternary surficial sediments also consist of silts and clays. This interpretation of sediment character
was also supported by underwater video reconnaissance at historic well sites“in the Burger Prospect
(Finney 1989).

Grain Size Analysis of Sediments at the Burger Prospect — Shell Baseline Studies

Sediment samples were collected at 34 stations in a 30 x 304 mi, (55 x 55 km) Burger Study Area that
surrounds the Burger Prospect (Neff et al. 2010). Surficial sediments in the study area were found to
consist of sandy mud with lesser amounts of gravel. Mud (silt and clay) content of the surface sediments
averaged 52.9 percent with sediment cores averaging/58.2 percent. Average grain size percentages of the
sediments are presented below in Table 3.3.1-2. Studies of the benthiezcommunities (Blanchard et al.
2010a,b) also conducted by Shell in the same study area in 20082010 obtained similar results, reporting
an average mud content of approximately 6.1 percent (Table 3.3.1-3):

Table 3.3.1-2 Surface Sediments Grain Size in‘the'Burger, Prospect Area

Sediment | g i | Gravel Sand Silt Clay. Silt&Clay | TOC?
Samples (percent) (percent) (percent) (pereent) (percent) (percent)
Surface Avg 4.4 42.7 332 19.7 52.9 0.95
Sediments? SD 1.7 14.1 11.2 648 17.2 0.26
(n=32) Max 32.0 68.9 54.1 36.2 84.9 1.54

Min 0.0 13.7 14.2 7.7 21.9 0.47
Sediment Avg 1.2 35.9 35.6 27.4 58.2 1.01
Cores® SD 1.6 9.2 12.1 5.5 9.7 0.13
(n=6) Max 4.4 52.7 43,1 36.2 71.0 1.26

Min 0.0 28.5 11.0 19.3 43.5 0.90

! Source: Neff et@l. 2010

2 Surface sediments are from depths of 0-2 cm below the seafloor surface

% Sedimentare samples are for depths of 2-12 cm below the seafloor surface
4 TOC ~Total brganic carbon

Table 3.3.1-8 Gravel, Sand, and Mud in'Surface Sediments, Burger Prospect Area 2008-2010"2

; fopi Gravel Sand Mud (Fines)
Sediment Samples Statistic (percent) - (percent) - (percent) ?
avg 25 369 60.6
2008 D 3.93 14.62 15.74
950 1 (0.99,3.98) (31.32, 42.44) (54.65, 66.63)
avg 5.2 341 60.6
2005 SD 9.7 15.2 17.2
95% ClI 0.7,9.7) (27.0,41.2) (52.6,68.7)
avg N/A 33.9 61.0
2 SD - 18.6 19.7
95% CI - (5.4, 42.4) (52.3,69.7)

Source: Blanchard et al. 2010 a,b

2 Notes: SD=standard deviation; Cl=confidence interval

Environmental Impact Analysis
Shell Chukchi Sea 2014 Exploration Plan 3-24 Revision 2 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

Modern Sedimentation Rates

Feder et al. (1989) investigated sedimentation rates in the Chukchi Sea area. They concluded that the
Chukchi could be divided into two broad areas regarding modern sedimentation rates, with inshore areas
having low rates or even no deposition, and offshore areas having sedimentation rates of 0.06-0.10 in.
(0.16-0.26 cm) per year. Shell’s Burger Prospect is located within the latter area. Cooper and Grebmeier
(2012) collected core samples in 2009 and estimated an average sedimentation rate of ~0.25 cm per year.
This estimate was derived from sediment core samples throughout the COMIDA continental shelf study
area and is consistent with previous work conducted in the Chukchi Sea area.

Sediment Quality

Sediments in the Chukchi Sea, including the area of Shell’s Burgef Prospect, are thought to have
remained relatively free of pollutants such as metals. Naidu et al. (2997) collected samples of surficial
sediments at 31 locations within the Chukchi Sea area, including&amples from both the Lease Sale 193
Area and the nearshore coastal waters region, and analyzed themfor concentrations of metals. Trefry
(2012) took 207 bottom samples from the eastern Chukchi Sea to“test for concentrations of trace metals.
The results of Naidu et al. (1997) and Trefry (2012) are summarized below in Table 3.3.1-4.

Trace metal concentrations in the Chukchi Sea regionswere found to be lower than in similar sediments in
the Russian Arctic Shelf and the U.S. Beaufort Sea. The, authors“concluded that/these observed
differences in metal concentrations are likely related to naturalregional differences in the chemical make-
up of sediments inherited from terrigenous sources, and are not duexto anthropogenic input. As a whole,
concentrations of metals remain significantly below levels that are considered to have potentially adverse
biological effects. It should be noted that the U.S. Chukchi Sea samples werescollected six years after the
last of five historic exploration wells were drilled in the Chukchi Sea.

Table 3.3.1-4 Mean Concentrations of Elements in'Sediments of Circumpolar Arctic Seas

shelf | Sample (e Mh | OrgC | \Cu Cr co Ni Zn Vv

SD 0.87 109 - 4 19 - 7 22 31

Chukchi Sea 12 3.46 295 0.75 20 82 26 27 79 116

SD 0.64 37 0.44 6 21 5 6 18 30

BeaufortSea 23 3.36 410 0.83 33 89 89 47 98 152

SD 1.12 174 0.20 9 14 14 11 18 26

Peghora Sea 40 - - - 21 110 - 43 84 175

SD - - - 2 15 - 9 9 46

Kara Sea 36 - - - 20 110 - 42 N 147

SD - - - 6 25 - 10 - 27

15 - - - - 153 - 50 107 248

Svalbard D - - - - : - : 3 -
10 - - - 50 117 - 62 92 167

E. Greenland D = - - 3 T - o7 = 5

W. Baffin Is. 12 - - - 29 63 - 22 61 92

SD - - - 8 19 - 9 14 32

! Concentrations of iron and organic carbon are in milligrams per gram (mg/g); other elements are in ug/g
2 Source: Trefry et al. 2012; all other Shelf locations from Naidu et al. 1997
% SD — standard deviation, Fe iron, Mn manganese, org C organic carbon, Cu copper, CO carbon monoxide, Ni nickel, Zn zinc, V vanadium

Sediment samples at the 34 stations in a 30 x 30 n mi (55 x 55 km) CSESP Burger Study Area were
analyzed for metal and hydrocarbon concentrations (Neff et al. 2010). The results of the analyses are
summarized below in Table 3.3.1-5. Concentrations of all measured hydrocarbon types were found to be
well within the range of non-toxic background concentrations reported by other Alaskan and Arctic
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coastal and shelf sediment studies (Neff et al. 2010, Dunton et al. 2012). Metal concentrations were found
to be quite variable. Average concentrations of all metals except for arsenic and barium were found to be
lower than those reported for average marine sediment.

Table 3.3.1-5 Metal, TPH, and PAH in Burger Study Area Surface Sediments

Burger Study Area Surface Sediments * Reference Sediments *
Parameter

Mean Sg?gggﬂ Minimum Avg. Marine Sediment | Avg. Cont. Crust
Silver (ppm) 0.12 0.01 0.10 0.16 0.07
Aluminum (ppm) 5.77 0.85 4.31 7.2 8.0
Arsenic (ppm) 16.7 6.3 10.1 7.7 1.7
Barium (ppm) 639 76 519 460 584
Cadmium (ppm) 0.18 0.02 0.15 0.17 0.1
Chromium (ppm) 79.0 111 64.2 72 126
Copper (ppm) 14.8 3.1 9.2 33 25
Iron (ppm) 3.19 0.67 2.20 4.1 4.3
Mercury (ppm) 0.033 0.007 0.018 019 0.040
Manganese (ppm) | 300 54 225 770 716
Lead (ppm) 12.3 1.7 10.6 19 15
Selenium (ppm) 0.75 0.34 0.25 0.42 0.12
Zinc (ppm) 77.8 155 494 95 65
TPH (ppb) * 13,800 7,600 1,870 - -4
Total PAH (ppb) ° | 445 144 253 -- --

! Source: Neff et al. 2010
2 TPH is total petroleum hydrocarbons
8 PAH is polycyclic aromatic hydrocarbons

Trefry et al. (2012) confirmed findings by “Neff“et al,, 2010 that concentrations of all measured
hydrocarbon types were well within the range of non-toxic background<concentrations reported by other
Alaskan and Arctic coastal and_shelf sediment studies.

3.3.2 Geological Hazards

The following discussion ofyshallow geologic hazards pertains to those hazards that might impact the
location and drilling of exploration wellsyfrom a drilling/unit in the Chukchi.

Historic Shallew Hazards Surveys

Shallow hazards surveyswere conducted.in 1988 and 1989 over ten historical industry prospects as listed
in Table 3.3.2-1. Locations of these surveyssin reference to the Lease Sale 193 Area and Shell’s Burger
Prospect and, lease blocks are indicated)in Figure 1.2-1. The historical Burger survey (Fugro 1990a)
covers portionsyof Shell’s current Burger Prospect including two of Shell’s revised Chukchi Sea EP
Blocks Posey 6714.and 6764. The legacy shallow hazards survey data collected over the Burger Prospect
(Fugro 1989a) were re-analyzed by Fugro GeoConsulting, Inc. (2009) for the Burger C and F drill sites;
the updated shallow hazards and cultural resources/archaeological assessment was submitted to BOEM in
April 20009.
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Table 3.3.2-1 Historical Shallow Hazards Surveys

Historical Survey Shell EP Blocks Covered
Survey Year Current Shell Prospect Revised Chukchi Sea EP Blocks
Azurite 1989 none none
Brandt N/A none none
Bowhead N/A none none
Burger 1989 Burger Posey 6714, 6764
Crackerjack 1988 none none
Diamond N/A none none
Klondike 1988 none none
Popcorn 1989 none none
Tourmaline 1988 none none
Ruby 1989 none none

N/A — not available

Shell’s 2008 and 2009 Shallow Hazards Surveys

During the 2008 and 2009 survey seasons, Shell collected’high-resolution shallow hazards survey data to
characterize potential shallow hazards, document seafloor,morphology, measure bathymetryy and assess
potential archaeological resources as required by BOEM INTL N0.,05-A01 and NTL No. 05-A03.
Deployed equipment included a high-resolution multichanneltwo-dimensional (2D) ‘System, medium
penetration subbottom profiler, shallow penetration subbottom-profiler, side-scan sonar, and single and
multibeam echosounders.

Shell conducted shallow hazards surveys at the ‘Burger J drill site in 2008,and at the Burger A, F, R, S,
and V drill sites in 2009. These surveys are on'existing Shell OCS leases and delineated in Figure 1.4-1.
Shallow hazards survey and archaeological assessment<reports,have been prepared and submitted to
BOEM. The results of these surveys are summarized below in the Shallow Hazards section.

Types of Shallow Hazards

Various geological conditions and fluid accumulations ¢an.eonstitute hazards to drilling operations within
the upper part of the drill“hole (uncased. well bore) including shallow faults, natural gas hydrates,
sediment slides, permafrost, ice'gouging. Each ofithese is discussed below.

Shallow Faults

Normal-faults are common in the Burger, Prospect area; however, all mapped faults are buried below the
Quaternary. (Holocene and Pleistocene)/sediments with no seafloor expression, are considered to be
inactive, and will,not pose a hazard to exploration drilling operations. Distances from the proposed drill
sites to the nearest fault are indicated below in Table 3.3.2-2.

Table 3.3.2-2 Distance to'Nearest Mapped Fault from the Burger Prospect Drill Sites

Drill Site Burger A Burger F Burger J Burger R | Burger S Burger V
1 [197 ft. 1,788 ft. 2257 ft. 486 ft. Vertical 1,312 ft.
Nearest Fault * 557, 545 m 688 m 148 m VerticalZ | 400 m
. 1325 ft. 25 ft. > 6 ft. 53 ft. 16.7 - 86.7 ft. | 10 ft.
Burial Depth I7.7m 7.5m few meters below seafloor 16 m 51-264m | 3m

1 Source: GEMS 2009; Fugro GeoConsulting, Inc. 2010b,c,d,f; 2011b
2 A vertical well from the drill site will intersect a shallow fault at approximately 215.6 m (approximately 707 ft.) below mudline
% Burial depth below surface for fault nearest the drill site
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Natural Gas Hydrates

Gas hydrates are mainly methane trapped in a water lattice and resemble ice. These can occur in deep
water areas of continental margins under low-temperature and high-pressure conditions (MMS 2003a).
They can also exist in cold regions such as Arctic or Antarctic areas, or in production equipment where
gas from a formation expands and cools. They are sometimes interspersed in permafrost (MMS 2003a).
There is no indication of gas hydrates in recently completed shallow hazards surveys over the Burger A,
F,J, R, S, and V drill sites (GEMS 2009; Fugro GeoConsulting, Inc. 2010 b, c, d, f; 2011b). Further there
is no evidence of gas hydrates within the Shell Gulf of Mexico, Inc. OCS-Y-2280 #001 (Burger A) well,
which was drilled to a total depth of 1,505 ft. TVD in 2012. The presence, of gas hydrates at Burger
Prospect is unlikely.

Sediment Slides

Mud slides and slumps have not been observed in the Chukchi Sea¢ If they do occur, it would most likely
be associated with the northern shelf margin (MMS 1991). There are no indications of sediment slides in
the recently completed shallow hazards surveys over the Burger A, F, J, R, S, and V drill sites (GEMS
2009; Fugro GeoConsulting, Inc. 2010 b,c,d,f; 2011b). Sediment slides are not expected to occur during
exploration drilling operations.

Permafrost

Permafrost along the coast of the Chukchi Sea is restricted to small areas or does not exist (MMS 2007Db).
Ice-bearing subsea permafrost is reported ta be,thin or nonexistent atydistances 0.6 mi (1 km) or more
from shore (MMS 2007b). No indication of permafrost was observediin _recently completed shallow
hazards surveys over the Burger A, F, J, R, S, and V-drilbsites (GEMS 2009; Fugro GeoConsulting, Inc.
2010 b,c,d,f, 2011b). Further there is no evidence of permafrost within the Shell Gulf of Mexico, Inc.
OCS-Y-2280 #001 (Burger A) well, which was drilled to a total depth of 1,505 ft. TVD in 2012. The
presence of permafrost at thefBurgerProspect is unlikely.

Ice Gouging

Based on shallow hazards surveys collected on the continental shelf within the Burger Prospect area of
the Chukchi Sea,.the seafloor is essentially flat'withssCattered ice gouges that create some disturbance to
the seafloor (Table'3.3.2:3). Comparison of historic and recent shallow hazards survey data indicates that
little or na@’ice gouging has occurred'in the last 20 years (Fugro GeoConsulting, Inc. 2010b,c,d,f; 2011b).

Table 3.3:2-3,, Nearest Ice Gouge to Burger Prospect Drill Sites and Associated Relief

Measure Burger A Burger F Burger J Burger R Burger S Burger V

1 1,854 Tt. 82 1. 328 1. 410 ft. 2870 ft. 590 ft.

Nearest Gouge 565 m 25m 100m 125m 875 m 180m
Gouge Trends * NE-SW E-W SW-NE & NW - SE NE-SW random NE-SW
Range of Gouge 66-95 ft. 66-98 ft. 66 — 164 ft. 98-263ft | 66-98ft | OS24
Widths 20-30m 20-30m 2050 m 30_80m 20-30m 25-45 m

1 1.3 ft. 5.0 fi. 16 ft. 391t 2.0 fi. 16 ft.

Max Gouge Depth 0.4m <15m <05m 1om 0.6m 05m

: 1 2.3 1. 33 16t 281t 131 231t

Max Ridge Height 0.7m <10m <05m 09m 0.4m 0.7m

! Source: GEMS 2009; Fugro GeoConsulting,
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Man-made Hazards

No facilities, shipwrecks, significant debris, or other man-made seafloor obstructions were detected in the
shallow hazards surveys around the planned drill sites (GEMS 2009; Fugro GeoConsulting, Inc.
2010b,c,d,f; 2011a,b). All of the observed unidentified sonar contacts and magnetic anomalies at each
drill site will be avoided during the planned exploration drilling operations.

Remaining man-made objects in the area include the legacy Burger OCS-Y-1413 #1 Well, which was
drilled in 1989-1990 in Posey Area Block 6814. The historic well site is located approximately 4.0-8.0 mi
(6.5-12.9 km) from the proposed drill sites. The historic well was plugged and abandoned in 1990, with
all surface wellhead equipment contained well below the seafloor at the bottem of the MLC. The only
other man-made object around the proposed sites is the legacy Burger #1avell and wet stored anchors at
Burger A set in 2012.

Seismicity

The Alaskan Chukchi Shelf is generally not seismically active, and earthquakes are not expected in the
area. Shallow hazards survey data indicates that all of the shallow faults are listric'andymost trend (strike)
north-south. All of the shallow faults are buried beneath’Holocene sediment, none extend to the modern
day seafloor, and all are deemed to be inactive (Fugro-1989a; GEMS, 2009; Fugro GeaConsulting, Inc.
2010b,c,d,f; 2011a,b). Earthquakes, associated ground shaking and pessible seafloor/rupture are not
expected to occur during exploration drilling operations.

3.4 Lower Trophic Organisms

Lower trophic level organisms provide much of the diet for fish, birds, and marine mammals in the
Alaskan Chukchi Sea. Plankton and marine invertebrates are found in the project area in various stages of
their life cycles while drifting in ocean currents: Their abundancesand distribution depends largely on
physical factors (e.g., wind,.currents, turbidity, nutrient availability, and light) and ecological attributes
(e.g., competition and predation). “Lower trophic level communities include phytoplankton, zooplankton,
epontic, benthic, and hard-bottom organisms. Currents\flowing from the Bering Sea into the Chukchi Sea
transport phytoplankton, zaoplankton, and nutrients into the"ecosystem (MMS 1990b).

34.1 Phyteplankton

Phytoplankton are small (<, um), unicellular algae that drift suspended in the water column and are
influencéd by seasonal patterns in oceanographic conditions, particularly light and nutrient availability.
Phytoplanktens are important primary producers in the arctic ecosystem because they provide nutrition
for zooplankton and serve as a crucial food source for higher trophic organisms (Arhonditsis et al. 2008).

The greatest abundance of phytoplankton occurs in water depths of less than 16 ft. (4.8 m) due to the
inability of light to-penetrate below these depths and through the ice layer (Gradinger et al. 2005). Factors
that influence light“penetration are ice thickness, snow cover and water turbidity. Phytoplankton
populations peak in late July and early August due to the increased light intensity during the open water
period.

Primary productivity in coastal areas, such as Ledyard Bay, is generally higher than in offshore areas near
Shell’s Burger Prospect (MMS 2007b). There are also high concentrations of primary production near
Point Hope, Cape Lisburne, and Ledyard Bay (MMS 2007b). Figure 3.4.1-1 shows areas of high primary
productivity in the Chukchi Sea as indicated by the chlorophyll ‘a’ concentration in seawater, and
indicates a different geospatial pattern of primary productivity, with higher productivity occurring in
offshore areas. The abundance of phytoplankton in the Chukchi Sea Lease Sale 193 Area may be
considerably less than that of the Bering Sea and waters further south (NRC 1996) but multi-decadal
syntheses (Dunton et al. 2005, Grebmeier et al. 2006) suggest that may be changing. Chlorophyll ‘a’
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concentrations recorded in the Burger Prospect area from July through October 2008-2012 are presented
summarized below in Table 3.4.1-1.

Table 3.4.1-1 Chlorophyll Concentration in the Burger Prospect 2008-2012

Average Chlorophyll Concentration (mg / m?) 12
Time Period g ihd (mg )
2008 2009 2010 2011 2012
July-August 104.8 214 42.7 435 --
August-September 47.1 20.1 40.2 29.3 47.9
September-October 30.9 25.1 42.2 -- 13.3

! Source: Hopcroft et al. 2009, 2010, 2011, 2012, 2013a,b
2 Data from the CSESP Burger Study Area, which encompasses all of the Burger Prospect

Planktonic communities were sampled at 25 stations in the 30 x 304 mi (55 X55 km) Burger Study Area
from July-October 2008-2012 (Hopcroft et al. 2009, 2010, 2011, 2013a,b). Data was collected in 2013;
however, the final report was not available at the time this analysis‘was prepareds, Similar surveys are
planned for 2014 in a reduced survey area encompassing«he Burger prospect and shoreward locations.
Observed concentrations of nutrients and chlorophyll indicated that the 2008 surveys toek place during
the spring phytoplankton bloom. In 2009, low concentrations observed throughout ‘the entire water
column indicated that the surveys were conducted post-phytoplankton bloom. In 2010 surveys near the
Burger Prospect, high subsurface nutrients and chlorophyll persiSted throughout the open water season
(July through September), suggesting the phytoplankton bloom was still underway (Hopcroft et al. 2011).
In 2011, subsurface nutrients and chlorophylh,were present in ‘August, but declined in September,
indicating the bloom had already occurred (Hopcroft et al. 2013a).“In 2022 chlorophyll and nutrient
concentrations together with phytoplankton campositionvindicated that the August sampling occurred
after the seasonal phytoplankton bloom, with some elevated-chlorophyll€oncentrations maintained by the
winter-water cold pools over the Burger prospect (Hopcroft et al. 2013b). It is speculated that differing
water transport rates and their'masses, contribute to'the differences between years. Historical chlorophyll
values for the Lease Sale/193 Area are\within 80-200:mg/m? (Dunton et al. 2005), but 2009-2011 values
fell at the low end of.this range or completely below it\(Hopcroft et al. 2011, 2013a). 2012 observations
overlapped historical values, but generally fell below thase estimates (Hopcroft 2013b).
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Figure 3.4.1-1 Chlorophyll a Concentrations
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3.4.2 Zooplankton

Zooplanktons are larger than phytoplankton (greater than 20 um) and include larval forms of marine
invertebrates and fish (meroplankton), as well as macroscopic crustaceans such as copepods.
Zooplanktons drift in the water column and have little ability to control their movements against the
ocean currents. Larger species with weak swimming abilities may be present as well, such as medusae
(jellyfish), ctenophores (comb jellies), chaetognaths (arrow worms), euphausiids (krill), amphipods, and
mysids. Euphausiids, amphipods, and mysids are abundant in the Alaskan Chukchi Sea (Richardson et al.
1987). These organisms are a food source for birds and marine mammals. During both the summer and
winter, calanoid copepods may dominate the zooplankton community in biomass and density, providing
important prey for seabirds, shorebirds, whales, and several fish species (Craig etal. 1984, Lowry 1993).
Euphausiids are important prey for bowhead whales (Lowry 1993) and ringed seals (Frost and Lowry
1984).

Planktonic communities were sampled at 25 stations in the 30 x 30 n mi (55 %,55 km) CSESP Burger
Study Area, from July-October 2008-2012 (Hopcroft et al. 2009, 2010, 2011,°2043a,b). Data was also
collected in 2013; however the final report was not available at the time this analysis was prepared.
Similar surveys are planned for 2014 in a reduced study area encompassing the Burger prospect and
shoreward locations. The greatest numbers of taxa‘wereyobservedyin the copepods followed by the
cnidarians (Table 3.4.2-1). Dominant taxa in the 150 um and 505 um nets were similar in"2008 and 2009
and are summarized in Table 3.4.2-2. Meroplankton formed '@ substantial part of the zooplankton
community regarding both abundance and, biomass in both sampling years but was greatest in 2008
(Hopcroft et al. 2009, 2010). In 2010, there Wwas a large increase in several herbivorous and predatory
copepod species, many of which have great value to'vertebrates that feed en.zooplankton (Hopcroft et al.
2011). In 2011 and 2012, meroplankton groups declined, while large copepods increased (Hopcroft et al.
2013a,b). It is believed that the inter-annual variability-observed for the planktonic communities from
2008-2012 is related to a combination of physical‘parameters observed at the study area and the intensity
of physical transport from.the Bering Strait (Hoperoft 2013b). JAnalysis of water circulation patterns
around Hanna and Herald Shoals, Barrow Canyon,‘and the Central Channel suggest a mechanism for
transporting zooplankion species to the Burger area (Hopcroft et al. 2013a).

Table 3.4.2-1 Zooplankton Diversity/& Abundance August-October

Number of Species ™ Average Abundance *?
Year Individuals/m® Dry Weight mg/m?
Copepods| Cnidarians '_Ir_otal y g g
axa 150 um net 505 pm net 150 um net 505 pum net
2008 20 9 76 3,330 189 18.5 11.4
2009 23 10 70 7,030 196 20.4 7.0
2010 25 11 77 16,712 158 115.0 33.7
2011 25 11 77 4,662 105 66.7 26.3
2012 20 11 71 2,190 393 66.0 2011721

! Source: Hopcroft et al. 2009, 2010,2011, 2013a,b
2 Number of species and average abundance in the Burger, Klondike, and Statoil (for applicable years) Study Areas combined

Environmental Impact Analysis
Shell Chukchi Sea 2014 Exploration Plan 3-32 Revision 2 August 2014




Environmental Impact Analysis DRAFT

Shell Chukchi Sea Exploration Plan Revision 2

Table 3.4.2-2 Top Zooplankton Taxa in CSESP Study Areas 2008-2011

Parameter | Net 2008 2 2009 2 2010 2 2011 *23 2012 2
Fritillaria borealis F(ltlllana_ bqr'ealls Bivalve larvae Oth_ona_5|m|I|s ) Pseudocalanus spp.
Pseudocalanus spp. Oithona similis Pseudocal Fritillaria borealis Cal laciali
Barnacle larvae Pseudocalanus spp seudocaranus spp. Pseudocalanus spp alanus glacials
Abundance h A > M| Oithona similis UL Oithona similis
Calanoid copepod Limacina helicina PP - Copepod nauplii "
- - - Fritillaria borealis - Copepod nauplii
@ ne_\uplll Calangld copepod Copepod nauplii Olkopleura_ Barnacle larvae
g Bivalve larvae nauplii vanhoeffeni
3
o Parasagitta elegans Calanus glacialis
3 | Barnacle larvae Calanus marshallae | Calanis Calanus glacialis Parasagitta elegans
Calanus marshallae Barnacle larvae glacialis/marshallae Parasagitta elegans Oikopleura
Biomass Parasagitta elegans Parasagitta elegans | Hippolytid decapods 4| Barnacle larvae vanhoeffeni
Pseudocalanus spp. Oithona similis Catablema Pseudocalanus spp. Pseudocalanus
Polychaete larvae Pseudocalanus spp. | vesicarium Aglanta digitale copepods
Aglanta digitale Barnacle larvae
Barnacle larvae Fritillaria borealis Calanus Calanus glacialis Calanus glacialis
Fritillaria borealis Calanus marshallae/glacialis Oikopleura Barnacle larvae
Abundance Pseudocalanus spp. marshallae/glacialis | Barhacle larvae vanhoeffeni Oikopleura
Oikopleura Eucalanus bungii Fritillaria borealis Aglanta digitale vanhoeffeni
+ | vanhoeffeni Barnacle larvae Aglanta digitale Barnacle larvae Pseudocalanus spp.
g Calanus marshallae Parasagitta elegans | Parasagitta elegans Parasagitta elegans Parasagitta elegans
:_ . -
[To] . Calanus marshallae | Parasagitta elegans - Calanus glacialis
2 Fish Iar\{ae Iglacialis Calanus Calanus_glamalls Parasagitta elegans
) Parasagitta elegans Thysanoessa raschii | marshallae/glacialis Parasagitta elegans Oikopleura
Biomass Calanus marshallae Aurelia aurita Aglantha digitale Aglantha digitale vanhoeffeni
ggﬁgg}g g 'R/':zle Cyanea capillata Neoecalanus cristatus 2?2; ?;?C:: cristatus ?;ggs(l)zzus
Mertensia ovum Thysanoessa raschii Clione limacina

! Source: Hopcroft et al. 2009, 2010, 2011, 2013a,b
2 Limited to top five taxa by abundance(Aumbers),and biomass
% Study areas in 2008 & 2009 were Burger and Klondike; Burger, Klondike and Statoil in 2010, and Greater Hanna Shoal in 2011 and 2012

3.4.3

Benthic Communities

Benthic invertebrate communities, include organisms _living within bottom sediments (infauna) or on the
surface of thessediments (epifauna). Sediment grain size influences species composition, with deposit
feeders predominating in fine sediments and suspension feeders thriving in coarse sediments. The
epifaunal species that inhabit the nearshore waters are amphipods, isopods, and mysids, which are motile
and e@pportunistic. The primary infaunal species include polychaetes and bivalves. Meiofauna, infaunal
species that range in size between micro~and macro-benthos, are important because they provide a crucial
link between primary producers and larger organisms within the benthic community, contributing greatly
to the transfer of‘energy within the ecosystem (Bessiere et al. 2007). A high abundance of benthic-feeding
animals, such as walrus, gray #hales, and spectacled eiders, indicates a dense benthic population in the
Chukchi Sea (Feder et'al. 2007).

Stoker (1981) conducted benthic surveys with van Veen samplers across the Chukchi Sea, identified
benthic invertebrate communities (cluster groups) based on similarity of dominant species, and noted
where they were found. Only two cluster groups (Cluster Groups VI and VIII) were identified in the
northeastern Chukchi Sea. Key species in these cluster groups are listed below in Table 3.4.3-1. Shell’s
Burger Prospect is located in the area mapped by Stoker (1981) as being predominantly Cluster Group V1.
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Table 3.4.3-1 Common Benthic Species Found in the Chukchi Sea

Dominant Species Common Name
Cluster Group VI
Maldane sarsi polychaete worm
Ophiura sarsi brittle star
Golfingia margariticea sipunculid - peanut worm
Astarte borealis clam
Cluster Group VIII
Macoma calcarea clam
Nucula tenuis clam
Yoldia hyperborea clam
Ponteporeia femorata amphipod

! Source: Stoker 1981

Shallow hazards surveys conducted by Shell at the drill sites,“and surveysihconducted at historical
prospects in the area have not revealed any unusual or specialybenthic features such as relief or hard
bottom that might be colonized by special benthic communities. Video reconnaissanee surveys (Finney
1989) were conducted along with shallow hazards surveys within the historical Burger Prospect within a
few miles of Shell’s current drill sites. The benthic ¢ommunities were considered by BOEM (Boudreau
1989) to be consistent with Cluster Group VI in Table 3.4.3-1y, Similar video surveys were conducted at
the historical Crackerjack and Popcorn Prospects, which aretin'the same general area, and the benthic
community in these prospects was found to,be similar in composition, to those at the Burger Prospect, but
at a lower density (Finney 1989). About 15'species were identified. The brittle star, Ophiura sarsi, was
found to be the predominant organism with densitiesyof 9-37/ft2 (100-400/m2). Other abundant macro-
invertebrates observed at the sites were a soft'coral Eunephthya spp., the basket star Gorgonocephalus
caryi, and sea cucumbers (Psolus spp., Cucumariaspp.).

The diversity of benthic speciestimarctic oceans such.as the Beaufort Sea has been shown to increase with
water depth until the sheardice zone is reached at depths of about 49-82 ft. (15-25 m) and this is likely true
for the Chukchi Sea; biodiversity then declines due to ice gouging between the landfast ice and the
moving polar pack ice (BPXA 1996). Long term stabilitysof diverse benthic communities in nearshore
waters is prevented by the annual formation of bottomfast ice in depths of less than 6.6 ft. (2 m). Re-
colonization fromyseurces in offshore areas takesplace in these areas during the summer (MMS 1990b).
A study bydFeder-et al. (1994a) in the northeast Chukchi Sea determined that mollusk abundance was
much higher in coastal waters than“in the project area. However, large “pockmarks” have been found
north of the Chukchi Sea Lease Sale 193 Area that house much higher benthic diversity and abundance
than surrounding areas. It has'been speculated that these pockmarks could be indicative of methane seeps,
and the same sert of pockmarks may be present in the northern portion of the Lease Sale 193 Area
(MacDonald et1al. 2005, 2003).

The northeastern Chukehi Sea.generally supports a higher biomass of benthic organisms than other areas
of the Chukchi Sea (Grebmeier and Dunton 2000). This may be because the pelagic fauna is incapable of
consuming all of the phytoplankton; the unconsumed phytoplankton sinks to the bottom, providing food
for the benthos. These<areas of high benthic biomass serve as important feeding grounds for benthic
grazers, such as gray whales, walrus, and ducks.
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Hard-bottom communities contain aggregations of macrophytic algae (large kelps), benthic microalgae,
and benthic invertebrates associated with rocks and other hard substrate. No kelp beds or other special
benthic habitats or communities are known to occur in the prospect area. All known large kelp beds in the
Chukchi Sea are located south of the Lease Sale 193 Area (MMS 2008a). There are coastal kelp beds
located near Skull CIliff (Phillips and Reiss 1982, 1985b) northeast of Peard Bay, and 16 mi (25 km)
southwest of Wainwright (Phillips and Reiss 1985a Mohr et al. 1957). Benthic fauna in hard-bottom
communities include sponges, soft corals, hydroids, sea anemones, bryozoans, nudibranchs, and sea
squirts (Dunton and Schonberg 1980).

Herald and Hanna Shoals are shallow areas within the Lease Sale 193 Area, These areas also have the
highest gravel concentration of surface sediments near the prospect areaS. The shoals are important
feeding grounds for bottom-feeding animals because of their high benthi¢ biomass. Figure 3.4.3-1 shows
relative benthic biomass in the Chukchi Sea.

Surveys of benthic communities were conducted within a 30 x 80 n mi (85 % 55 km) study area that
surrounds the Burger Prospect from 2008-2012 (Blanchardaet al. 2010a,“Blanchard et al. 2010b,
Blanchard et al. 2011, Blanchard and Knowlton 2013a,b)« The benthic infauna was sampled using a
double van Veen grab. Epifauna were sampled with a plumb staff 19.0 ft. (3.05 m) beam trawl with a
0.16-in. (4-mm) codend liner and 0.27-in. (7-mm) mesh.

Environmental Impact Analysis
Shell Chukchi Sea 2014 Exploration Plan 3-35 Revision 2 August 2014




Environmental Impact Analysis DRAFT Shell Chukchi Sea Exploration Plan Revision 2

Figure 3.4.3-1 Benthic Biomass Concentrations
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In 2009, the beam trawl collected 294 unique taxa, of the total number of organisms collected about 89
percent were brittle stars, 4 percent were shrimp, 2 percent were barnacles, sea cucumbers, and bivalves,
and <1 percent were gastropods and other taxa. In the Burger study area, brittle stars represented about 74
percent of the biomass, sea cucumbers and crabs comprised about 6 percent, bivalves and gastropods
comprised about 4 percent, and sea anemones, shrimp, and sea stars represented about 1-2 percent of the
epifaunal biomass. There was an average of about 106,796 individual organisms per 1,000 m® with a
biomass of about 76,103 g/1,000 m? (Blanchard et al. 2010b).

Table 3.4.3-2 Top Infauna Taxa by Abundance and Biomass, CSESP Burger Study Area

2008 +% %4 2009 +* 34 2011+ 3¢ 2011-2012 (Average)"? **°
Densit Densit; Densit; Densit;
Taxon (ind/my) Taxon (ind/my) Taxon (ind/my) Taxon (ind/m},)
Maldane Maldane - :
glebiflex 583 glebifex 2,998 Maldane sarsi | 14788 Maldane sarsi 1536
Ostracoda 294 Ostracoda 1,156 Ostracoda 415 Fe?lﬁli‘gu'a 343
Lumbrineris sp. | 194 Photis sp. 848 FemLiJ;:UIa 312 Ostracoda 245
Maldanesp. | 189 Ennucula tenuis | 758 Phofis sp. 150 Egg"‘phoxus 224
Eﬂ?ﬁgu'a 182 Paraphoxus sp. | 659 Is_rl)merineris 144 Macoma spp. 166
Paraphoxus sp. | 145 Lumbrineris sp. | 606 SPr?raphoxus 129 Photis spp. 117
Photis sp. 123 Brachydiastylis | 567 Ektondiastylis 420 Cirratulidae 114
Leitoscoloplos Leitoscoloplus Myriochele :
pugetten_sis . 105 pugettensis 550 heeri 87 yoldia spp. 113
rBer:;?nhg diastylis 76 Ampharetidae 517 Macoma spp.. | 64 Sabellidae 102
Maldanidae 75 Cirratulidae 481 lﬁﬁgggg%?f 105 63 Capitellidae 79
2008 2009 201% 2011-2012 (Average)*>**
Biomass ; 6 : 6 ; 6
6 Biomass Biomass Biomass
Taxon (g/mz) Taxon 9 /mz) Taxon @ /mz) Taxon @ /mz)
ﬁcsytr%ratleis 53.9 Astarte borealis | 230 Maldane sarsi | 74.4 gglrfgl;g%iltilcea 63.7
Golfingia Macoma Astarte
margaritacea 35.9 Macoma calcera | 178.2 calcera_ 61.5 borealis 46.7
mggg’t?ﬁa 29.5 Ennucula tenuis  (»115.3 Swglrgg%ilgcea 52.7 Maldane sarsi 40.7
Ennugula Maldane Ennucula Axiothella
tenuis 21.8 glebifex 5.3 tenuis 38.1 catenata 8.4
Maldane Golfingia Astarte Ennucula
glebifex &> margaritacea 43.8 borealis 28.2 tenuis [
ﬁ%ﬁggui 213 g%ﬁ{;gui 451 Spggmmede'a 121 Maldanidae 6.0
Cyclocardia Cyclocardia Axiothella Macoma
crebricostata 124 crebricostata 29.2 catenata 11.6 calcarea 5.5
Macoma Macoma Neptunea Praxillella
moestra 5.8 moestra 28.2 heros 10.7 praetermissa 4.4
Axiothella . : Macoma Neoamphitrite
catenata 53 Yo-ldla myalis 279 moesta 6.7 groenlandica 3.3
Maldane sp. 5.3 ?;(t'grt]gfga 22.3 ﬁ%tr?tretlgui 6.7 Proclea emmi 2.6

! Infaunal organisms are those found in the sediment and retained on a 1.0 mm mesh screen
2 Source: Blanchard et al. 2010b, Blanchard and Knowlton 2013a,b
%2010 was not included because the source only provided the top three taxa

*Number of stations sampled = 26
% Blanchard and Knowlton (2013b) did not provide 2012 data separate from the 2011-2012 average
® Biomass is grams/m? dry matter
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Table 3.4.3-3 Burger Study Area Epifauna Ranked by 2008 Abundance & Biomass

Abundange | Biomags"? Abundange™? Biomags"?

Taxon (ind/m?) (g/m?) Taxon (ind/m?) (a/m?)
Ophiura sarsi 116.2 64.27 Gersemia rubiformis 0.4 1.55
Diamphiodia craterodmeta 95.0 0.99 Buccinum spp. 0.4 0.58
Cucumaria spp. 6.1 0.52 Gorgonocephalus caryi 0.4 0.05
Ophiuoidea 4.8 0.08 Ophiura spp. 0.2 0.02
Bryozoa 3.7 1.27 Leptasterias arctica 0.2 0.08
Holothuroidea 2.1 0.53 Amphiura spp. 0.2 0.15
Unioplus macraspis 1.6 0.24 Balanus spp. 0.2 0.00
Gersemia rubiformis 1.1 2.95 Volutopsius spp. 0.2 0.00
Ophiocten sericeum 0.9 0.11 Colus spitzbergensis 0.2 1.01
Styelidae 0.9 0.67 Bucinum polare 0.2 1.25
Ascidiacea 1.1 0.07 Buccinidae 0.2 0.00
Asteroidea 0.7 0.01 Chionectes opilio 0.2 1.57
Unioplus spp. 0.5 0.10

The average macrofaunal density at the Burger study area.during the CSESP from2008-2012 was 5,169
individuals/m?, and the biomass was 427.7 g/m® (Blanchard and Kpowlton 2013b). Theéxtotal, number of
taxonomic categories identified at the Burger stations“indicate a decrease in number of taxa since 2008,
from 268 categories to 196 different taxonomic categorieshin 2012:%however the lower number of
taxonomic categories in 2011 and 2012 reflect the decreases inithe number of stations sampled during
those years of the CSESP.

The high density and biomass values in the Burger study area reflect the high availability of food
resources within the sediments due to interactionsef the bottom “topography with water currents
(Blanchard et al. 2013). Data collected from 2008-2012 reflect high densities of animals, largely driven
by very high numbers of Maldane sarsi. The non-métric-multidimensional scaling analysis for the
regional study indicated thatgbottom water temperature is the ‘variable most loosely associated with
benthic community structure, followed by percent mud and water‘depth. The areas of highest density and
biomass were in areasdwith the greatest depth, greatest proportion of mud, and lowest bottom-water
temperatures (Blanchard andiKnowlton 2013b).

Additional recent studies from the/COMIDA-CAB project found that annelid worms, mollusks, and
arthropods were' the“three dominant benthic groups in the northeastern Chukchi Sea (Schonberg and
Dunton 2042). They foundhhigh concentrations of a broad spectrum of species located near Hanna Shoal
and Bamrow Canyon. Locations of benthic communities were correlated with the distribution of organic
mattef, nutrients, and chlorophyll.

Soft Corals

A soft coral, the sea raspberry (Gersemia rubiformis), was found at 10 of 58 benthic sampling stations in
the CSESP Study Areas. It represented the 2™ most abundant epifaunal taxon by biomass and 8" most
abundant taxon by numberdin the Burger Study Area in 2008 (Blanchard et al. 2010a). This soft coral is
abundant but forms rather discrete colonies in a patchy distribution (Blanchard and Knowlton 2013a). The
species is found worldwide from Antarctic to Arctic waters, including the Chukchi Sea, and has the
widest distributional, temperature, and substrate preference range of any coral species found in Alaska. It
is also considered common in waters north of the Alaska Peninsula. Colonies are formed from small
polyps and are found attached to stones or shells (NOAA 2013a).

In August 2012, the Center for Biological Diversity petitioned the NMFS to list 44 species of corals off
the coast of Alaska as threatened or endangered under the ESA (the sea raspberry was not included in the
petition). NMFS found that the petition did not present substantial information to indicate that a listing
action was warranted for any of the requested species (NMFS 2013).
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3.4.4 Epontic Communities

Epontic communities are composed of organisms (both plants and animals) that live on or in the
undersurface of sea ice. In addition to the pelagic bloom, there is an epontic bloom, which is small in
comparison. The timing of the epontic community bloom is important in providing food for zooplankton
prior to the phytoplankton bloom. Abundance of sea-ice biota varies across seasons and years and is
highly correlated to abiotic factors such as light and nutrient availability (Werner et al. 2007).

Pennate diatoms and microflagellates are the most abundant of these organisms, existing in the bottom of
the ice and in the water just below the ice during spring (Horner et al. 1974). Responding to increased
light, epontic populations develop in April, peak in May, and decline in June as the ice layer melts
(Alexander et al. 1974). Lower trophic epontic organisms found in the €hukchi Sea include diatoms,
algae, euphausiids, amphipods, nematodes, and larval polychaetes (Gradinger 2008).

3.5 Fish Resources

Major studies of fish distribution and abundance in the northeastern Chukchi Sea have taken place in the
last 50 years, culminating in the CSESP (Norcross 20114Priest et al. 2011a, NRC 2012). The CSESP
built on past studies (Alverson and Wilimovsky 1966, Quast 1972, Frost and Lowry 1983,)Fechhelm et al.
1984, Barber et al. 1997) to continue to investigate the fish resources in the Chukchi Sea. Data collected
from 2009-2011 are used in the following analysis. Surveys were conducted in 2013; hewever the report
was not final at the time of this analysis. Fish surveys are not planned in the Burger prospect in 2014.
The locations of these surveys are indicated,in Figure 3.5.1-1 inrelationship to Shell’s Burger Prospect.
The studies have documented the occurrence'of more than 80 fish species in the northeastern Chukchi Sea
(Barber et al. 1997, Gallaway et al. 2011). The CSESPyand other studies doeecumented fish that are largely
restricted to marine habitats and diadromous ‘migratory fish that utilize both marine and freshwater
habitats. Discussions of the species of both types of fishthatare’found,in the Lease Sale 193 Area and in
Shell’s Burger Prospect areprovided below in)Séctions 3.5.1 and 3.5.2 respectively along with
descriptions of the distribution,“lifexhistory, and abundance offthe key species. The use of fish as
subsistence resources is’ discussed in\Section 3.11:6. Analyses of the potential impacts to fish and
subsistence fishing are provided in Section 4.5 and 4.11.

3.5.1 Marine Fish

While over«80 fish species,have beemdocumented in the Chukchi Sea, Arctic cod dominate as the most
abundant‘species (Barberet al. 1997, Gallaway et al. 2011, Priest et al. 2011a), and other species occur
frequently» Some of the mare common species are listed below in Table 3.5.1-1. The distribution of
marine fish species in the Chukehi Sea ig'driven by environmental factors, such as salinity, water depth,
and percent of gravel in the sediments (Barber et al. 1997, Priest et al. 2011a), and often shifts as seasonal
changes occur. The,Chukchi Sea is influenced by water influx from the Bering Sea, importing fish and
nutrients into the "Arctic (Priest et al. 2011a). Species richness was found to be low when compared to
non-Arctic communitiesaBoth the number of species and fish biomass found in the northeastern Chukchi
Sea are similar to the southern Chukchi Sea and Bering Sea, but the diversity is much lower due to the
predominance of arctic cod and sculpins (Barber et al. 1997, Priest et al. 2011b).
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Figure 3.5.1-1 Locations of Major Fish Surveys in the Northeastern Chukchi Sea
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Table 3.5.1-1 Most Common Marine Fish Species Found in the Northeastern Chukchi Sea

Percent
Common Name Scientific Name Total Catch ! | PErCentof | pigmagss Fish
Catch Biomass *
Arctic alligatorfish Ulcina olrikii 14 3.3% 8 0.6%
Arctic cod Boreogadus saida 203 47.7% 469 36.9%
Avrctic staghorn sculpin Gymnocanthus tricuspis 5 1.2% 11 0.9%
Bering flounder Hippoglossoides robustus | 1 0.2% 5 0.4%
Fish doctor Gymnelus viridis 8 1.9% 34 2.7%
Fourline snakeblenny Eumesogrammus praecisus | 1 0.2% 4 0.3%
Gelatinous seasnail Liparis fabricii 2 0.5% 0.0%
Halfbarred pout Gymnelus hemifasciatus 21 4.9% 31 2.4%
Hamecon Artediellus scaber 22 5.2% 84 6.6%
Kelp snailfish Liparis tunicatus 7 1.6% 41 3.2%
Marbled ellpout Lycodes raridens 15 3.5% 93 7.3%
Pacific sandlance Ammodytes hexapterus 2 0.5% 0.0%
Polar eelpout Lycodes polaris 37 8.7% 177 13.9%
Pricklebacks - unidentified | Stichaeidae spp. 3 0.7% 0.0%
Ribbed sculpin Triglops pingelii 1 0.2% 3 0.2%
Sculpin - unidentified Cottidae spp. 2 0.5% 0.0%
Shorthorn sculpin Myoxocephalus scorpius 29 6.8% 100 7.9%
Slender eelblenny Lumpenus fabricii 6 14% 24 1.9%
Spatulate sculpin Icelus spatula 7 1.6% 45 3.5%
Stout eelblenny Anisarchus medius 40 9.4% 141 11.1%

! Source: (Priest et al. 2011a)

Barber et al. (1994) surveyed demersal marine fish in‘the nhertheastern Chukchi Sea in 1990 and 1991 and
identified six different fish assemblages through statistical analysis. Thedistributions of these marine fish
assemblages are indicated in Figure 3.5.1-2. The abundance of each of the 21 most common species
found in these assemblages’is indicated in Table 3.5.1-2. Shell’s Burger Prospect is an area where
Assemblage VI is predominant (Figure 3.5.1-2). The most abundant demersal fish species in the
assemblages found insShell’s Burger|Prospect was the arctic cod; most other species were found in very
low numbers. Abundant pelagic species in the northeastern Chukchi include Pacific herring and capelin
(Craig 1984a, 1984b). Although ecapelin is most.abundant in nearshore waters (Craig 1984a) it is included
here due to itsdmportance as a forage species. “Aspects of the life history and ecology of these abundant
species aressummarized below.
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Figure 3.5.1-2 Fish Assemblages, EFH, and Anadromous Streams
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Table 3.5.1-2 Abundance of the Most Abundant Demersal Fish Species in the Chukchi Sea

Common Name

Abundance (fish/km?) by Assemblage *

I ] v \Y VI
Arctic cod 43,733 16,419 5,280 8,172 16,096 6,100
Saffron cod 684 2 170 19 10,956 0
Sculpin 3,391 49 44 2 4,492 0
Staghorn sculpin 1,005 87 889 156 2,618 7
Bering flounder 1,599 72 0 61 15 3
Warty sculpin 178 0 429 177 773 9
Hamecon 20 0 0 11 1,061 4
Walleye pollock 69 0 0 26 861 0
Ribbed sculpin 70 3 120 59 722 0
Capelin 437 0 0 40 0 0
Wattled eelpout 453 0 0 139 323 0
Pacific herring 195 0 0 139 323 0
Slender eelblenny 235 18 2 14 141 0
Canadian eelpout 260 64 2 0 6 0
Marbled eelpout 76 7 4 284 13 5
Sturgeon poacher 60 0 18 5 280 0
Pacific cod 21 0 1 6 273 0
Variegated snailfish 129 2 0 15 29 0
Rainbow smelt 0 0 0 0 258 0
Butterfly sculpin 89 0 0 13 0 0
Hookear sculpin 80 0 0 0 20 0

1 Source: Barber et al. 1994

Goodman et al. (2012) conducted pelagic and bottom,trawls in 2011"acress'the Burger, Klondike, and
Statoil Study Areas as part of the CSESP. They, captured individuals ofjat least 20 species. In numbers,
the five most abundant fish species captured ‘when hoth trawl_types were considered were Pacific
sandlance, arctic cod, an unidentified eelblenny, capelin, and sherthorn sculpin. Abundance estimates of
the most commonly captured fish species in the bottom trawls in/the Burger Study Area are provided in
Table 3.5.1-3 below. Bottom trawl surveys were not cenducted as part of the CSESP in 2012.

Table 3.5.1-3 Abundance of Major Fish Species in Burger Study Area Bottom Trawls

Bottom Trawl 1D *
(trawled'in 2011)

- Estimated Abundance (millions of fish/study area) of 1
Major Fish,Species Captured in Bottom Trawls in Burger Study Area in 2011

Arctic Cod Capelin Polar Eelpout Marbled Eelpout
Burger 14B 7.30 1.83 0.00 3.65
Burger 15B 6.59 0.00 0.00 2.03
Burger 17B 2.67 0.00 0.53 0.53
Burger 18B 2.92 0.49 0.49 0.49
Total CPUE (fish/ac) 7.89 0.93 0.41 2.67
Total CPUE (fish/ha) 19.49 2.31 1.02 6.60
Average CPUE (fish/ac) 2.95 0.74 0.00 1.48
Average CPUE (fish/ha) 7430 1.83 0.00 3.65

! Source: Goodman et al (2012), abundance is millions of fish per study area (Greater Hanna Shoal), CPUE is catch per unit effort
2 Trawl identification number of €ach of the four trawls with a 400 Eastern bottom trawl conducted in Burger Study Area with a total trawled area

of 308,899 ha.
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Arctic Cod

The arctic cod is an extremely important component of the ecosystem in the northeastern Chukchi Sea. It
is often referred to as a keystone species due to its importance in the food chain forming the link between
lower trophic organisms such as plankton and consumers such as marine mammals and birds (Frost and
Lowry 1984, Lowry and Frost 1981). Though their use as a subsistence resource has apparently declined,
the arctic cod has been harvested in small quantities, primarily by jigging through the ice during winter
(Craig 1989b). The use of marine fish as subsistence resources is discussed in Sections 3 and 4

Arctic Cod Distribution

The distribution of the arctic cod is circumpolar. In Alaska they are found continuously from the northern
Bering Sea through the entire Chukchi Sea and eastward through the Beaufort Sea to the Canadian border
(Gillispie 1997). The arctic cod uses nearshore waters such as lageons (Craigiet al. 1982), and has been
found to enter river systems occasionally (Morrow 1980). Use of nearshore waters appears to be greatest
during open water periods (Craig et al. 1982). The species isalso'found in offshore waters possibly as far
as the North Pole, and is thought to utilize waters under thefpolar ice cap (Andriyashev 1954).

Distribution is often associated with ice. Ice provides protective coverfrom predation by birds’and marine
mammals. The ice edge holds higher primary produetivity for/ feeding and arctic cod consume
invertebrate and other prey present in the ice edge and ice undersufface (Gillispie 1997). The distribution
of the arctic cod in the Chukchi Sea has been studied by Quast(1974), Wolotria et al. (1977), Frost and
Lowry (1983), Fechhelm et al. (1984), Barberet al. (1997), Gillispie et al. (1997) and others. Arctic cod
are found within the Burger Prospect, and ‘would,be expected to ‘occur there during the exploration
drilling season.

Arctic Cod Life History

Arctic cod are considered to'have anir-selected reproductive strategy in that they exhibit small body size,
early maturity, rapid growth, and large humbers of offspring (Craig et al. 1982, Gillispie et al. 1997). This
type of strategy allows the species ta survive in unpredictable environments with the possibility of high
mortality rates. They spawn under the ice typically in January and February (Gillispie et al. 1997). The
eggs float in the water column‘(Dunn and Matarese 1984), developing and hatching under the ice, usually
in May or June (Lowryet al. 1980). The larvae live in surface waters until August or September at which
time they<4metamorphose into juvenile, stage and descend to the seafloor. Arctic cod in the coastal
Beaufort Sea were found to mature at'ages,2-3 for males and 3 for females (Craig et al. 1982), and they
may-live toyages 7-8 (Wolotira et al. 1977, Gillespie 1997). Mysid shrimp, amphipods, copepods, and
small fish are the primary prey of arctie’cod in the Beaufort and Chukchi Seas (Lowry and Frost 1981,
Frost and Lowry 2983, Craig et al. 1982).

Arctic Cod Abundance

Arctic cod is the most abundant fish species in the northeastern Chukchi Sea. During trawl surveys in the
northeastern Chukchi Sea, Craig (1984) found 85 percent of the catch in the surface and mid-water trawls
was comprised of arctic cod. Barber et al. (1994) found arctic cod to be the most abundant fish in of the
Chukchi Sea, representing over 90 percent of the total fish abundance. Arctic cod is present nearshore
(Thedinga et al. 2012), but was especially dominant in areas located far offshore where Shell’s Burger
Prospect is located. Barber et al. (1994) reported densities of 1,018-146,009 arctic cod/mi2 (393-56,374
cod/km?2) based on capture of fish at a number of stations in the northeastern Chukchi Sea. Mean density
of arctic cod in 1990 and 1991 was 3,355/mi2 (6,100/km2) around the Burger Prospect.

Arctic Staghorn Sculpin
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A number of sculpin species use the waters of the northeastern Chukchi Sea (Mecklenburg et al. 2002).
Common species in some areas include arctic staghorn sculpin (Frost and Lowry 1983, Fechhelm et al.
1984), fourhorn sculpin (Fechhelm et al. 1984), shorthorn sculpin (Craig 1984b), warty sculpin (Barber et
al. 1997), hamecon (Barber et al. 1997), butterfly sculpin (Barber et al. 1997), and hookear sculpin
(Barber et al. 1997). Barber et al. (1997) found the staghorn sculpin to be the most common sculpin in the
area of Shell’s Burger Prospect.

Sculpins are consumed by ringed seals, bearded seals, arctic cod (Craig and Skvorc 1982), and marine
birds (Springer and Roseneau 1978). Due to their prevalence, sculpins are an important forage fish in the
food web. Sculpins have in the past been utilized as a subsistence resource along the Chukchi coast
(Schneider and Bennett 1979), but are rarely harvested today (Craig 1989b).

Arctic Staghorn Sculpin Distribution

The arctic staghorn sculpin is circumpolar in its distribution (Andeiyashev 1954), and is common in U.S.
portions of both the Beaufort and Chukchi Seas (Frost and Lowry 1983, Fechhelm et al. 1984, Barber et
al. 1997). Fechhelm et al. (1984) captured the arctic staghorn sculpin in 24 of 25trawls conducted across
much of the northeastern Chukchi Sea in depths of 13-158 ft. (4-48 m). Smith et al.(1997a) captured the
arctic staghorn sculpin in 39 of 48 locations across the northeasternyChukchi Sea in 1990yand 10 of 17
locations in 1991 with water depths ranging from 59-170 ft (18-52'm). The arctic staghorn sculpin is
found throughout the Shell prospect areas in these water depths.

Arctic Staghorn Sculpin Life History

The arctic staghorn is a small, marine fish typically found at the seafloar. "Eechhelm et al. (1984) reported
that staghorn sculpin caught in otter trawls in the ChukchinSea ranged from 1-5 in. (25-135 mm) in length
with one year-old fish being about 2.0 in (40 mm), long and twowyear-old fish being about 3.0 in (70 mm)
long.

Spawning usually occurs inlate fall or winter (Smith,et al. 1997a). The eggs are demersal and adhesive.
The hatched larvae are planktonic: Young of the year recruit to benthic habitats in late summer
(Andriyashev 1954).¢Adult sculpins jare also benthic, eften burrowing in sandy habitats (Andriyashev
1954). Smith et al. (1997a) found that males and females reached reproductive maturity at ages of 3-4 at
lengths of about 3-4.in. (75-105 mm), and that females produced 91-154 eggs. The oldest arctic staghorn
sculpins caught by Smitheet al. (1997a) were nine years old and about 5 in. (134 mm) long.

Arctic&Staghorn Sculpin Abundance

The arctic staghorn sculpin is one of the most abundant demersal fish species of the Chukchi Sea.
Abundance can vary greatly from year to year (Smith et al. 1997a). Barber et al. (1997) reported a mean
abundance of 1,854, staghorn sculpin / mi? (716 / km2) with a range of 34-20,849/mi’ (13-8,050/km?)
across the northeastern,.Chukchi Sea in 1990, and a mean abundance of 1,111 sculpin/mi® (429/km2) with
a range of 83-7,045/mi*(3242,720/km?). Abundance was typically greater shoreward of Shell’s Burger
Prospect, but arctic staghorn sculpin is a representative species for the entire area.

Bering Flounder

Common flounders of the Chukchi Sea include the Bering flounder, arctic flounder, yellowfin sole,
Alaskan plaice, longhead dab, and starry flounder. The Bering flounder has been reported as the most
abundant flatfish in offshore areas of the northeastern Chukchi Sea, and was the most commonly caught
flatfish in the area of Shell’s Burger Prospect (Barber et al. 1997). Other species are not expected to be
found in large numbers in the prospect area, so only the Bering flounder is discussed below. Species such
as the yellowfin sole may be more abundant in shallow waters near shore (Fec