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Executive Summary

The U.S. Environmental Protection Agency (EPA), Region 10, proposes to reissue a National Pollutant
Discharge Elimination System (NPDES) general permit for effluent discharges associated with oil and
gas exploration activities in the Outer Continental Shelf. The reissued general permit would apply to the
Chukchi Sea Area of Coverage, in federal waters north of Alaska. Section 403(c) of the Clean Water Act
(CWA) requires that NPDES permits for discharges into the territorial seas, the contiguous zone and the
oceans, including the Outer Continental Shelf, comply with EPA’s Ocean Discharge Criteria. The purpose
of this Ocean Discharge Criteria Evaluation (ODCE) is to review the discharges proposed under the
Chukchi Exploration NPDES General Permit (Permit No. AKG-28-8100) (Chukchi general permit) and
evaluate their potential to unreasonably degrade the marine environment.

This document evaluates the impacts of waste water discharges associated with the proposed Chukchi
general permit for offshore oil and gas exploratory activities in the Chukchi Sea. Development and
production activities, and their associated discharges, are not covered by the general permit and are not
discussed in this document. Development and production operations are not yet planned for the Chukchi
Sea and are outside the scope of the activities considered in this ODCE.

The Chukchi general permit will authorize discharges from exploratory operations in all areas offered for
lease by the Bureau of Ocean Management, Regulation and Enforcement in the Chukchi Sea, including
past leases (i.e., Lease Sale 193) and lease sale areas that might be offered in the immediate future (i.e., in
the next 5 years). The Chukchi general permit Area of Coverage is approximately 53,750 square miles
(mi) (33.76 million acres) and extends offshore from Barrow to Point Hope. Available leases occur
approximately 75 mi offshore and encompass 260 square mi (166,000 acres) in water depths ranging from
approximately 130 to 170 feet (ft). Figure 1-1 shows the existing leases in the Chukchi Sea.

Exploration activities in the offshore Arctic usually employ floating barges, drill ships, jack-up rigs, or
semi-submersible rigs. Ice is present much of the year in the Chukchi Sea. Because of prevailing ice
conditions and regulatory restrictions, oil and gas operators plan for an average drilling season of July
through October when pack ice is not present using drill ships or moveable platforms. The types of
discharges that might be authorized under the Chukchi general permit are associated with exploration
wells and delineation wells. An exploration well is a well that is drilled into a previously undrilled
geologic formation to test for the presence of hydrocarbon accumulation. A delineation well is drilled at a
distance from a discovery well to determine the spatial and vertical extent of a reserve and likely
production rate of a new oil or gas field. There are no differences in the type of discharges from
exploration and delineation wells; consequently, the general permit regulates the discharges identically.
Such wells will be plugged at the end of the drilling program or capped for continued drilling the
following year.

Drilling operations are expected to range between 30 and 90 days at different well sites, depending on the
depth to the target formation, drilling conditions, and logging/testing operations (MMS 2007). The short
open water season in the Chukchi Sea (July—October) will limit an operator, using a single rig, to two or
three exploration wells (which includes drilling, testing, and abandoning a well) during a single season.
For purposes of this evaluation, EPA estimates that a maximum total of 42 exploration and delineation
wells will be drilled in the five drilling seasons during the 5-year permit term (2012-2017).

ODCE for Chukchi Exploration NPDES General Permit ES-1
Draft — January 2012



Offshore oil and gas exploration activities are generally characterized as short-term at any location and
typically involve only a small number of wells. The activities, however, generate numerous waste streams
that are commonly discharged from the drilling rig or platform into the ocean. Such waste streams are
related to the drilling process, equipment maintenance and personnel housing, and consist of the
following:

e Discharge 001 — water-based drilling fluids and drill cuttings
e Discharge 002 — deck drainage

e Discharge 003 — sanitary wastes

e Discharge 004 — domestic wastes

e Discharge 005 — desalination unit wastes

e Discharge 006 — blowout preventer fluid

e Discharge 007 — boiler blowdown

e Discharge 008 — fire control system test water
e Discharge 009 — non-contact cooling water

e Discharge 010 — uncontaminated ballast water
e Discharge 011 — bilge water

e Discharge 012 — excess cement slurry

e Discharge 013 — muds, cuttings, and cement at the seafloor

EPA derived discharge estimates on a per-well basis using information submitted in notices of intent
(NOIs) by Shell Exploration, Inc. (Shell); ConocoPhillips Alaska, Inc. (COP); and Statoil USA E&P, Inc.
(Statoil) for potential exploration well projects in the Chukchi Area of Coverage. The NOIs were
submitted under the prior general permit (Arctic Exploration NPDES General Permit, AKG-28-0000).
Discharge estimates are summarized in Table ES-1, which includes total volumes and daily discharge
rates to the extent such information could be derived from the NOIs.

The Chukchi general permit establishes that the total drilling fluids and cuttings discharge rate must not
exceed the following rates where depth is measured as meters (m) from mean lower low water. The
discharge rates are based on a model that predicts the behavior of solid and soluble components of
drilling-related discharges.

e 1,000 bbl/h (barrels per hour) in water depths exceeding 40 m (131 ft);
e 750 bbl/h in water depths greater than 20 m (65 ft) but not exceeding 40 m (131 ft);
e 500 bbl/h in water depths greater than 5 m (16 ft) but not exceeding 20 m (65 ft); and

e No discharge in water depths less than 5 m (16 ft).
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Table ES-1. Estimated discharge quantities based on NOls

Discharge quantities
Discharge (bbl/well)
Water-based drilling fluids and drill cuttings (001)? 7,693
Deck drainage (002)° 478
Sanitary wastes (003) 1,100°
Domestic wastes (004) 9,343¢
Desalination unit wastes (005) 7,990°
Blowout preventer fluid (006) 42'
Boiler blowdown (007) 390°
Fire control system test water (008) 110 bbl/month”
Non-contact cooling water (009) 2,700,000
Uncontaminated ballast Water (010) 168'
Bilge water (011) 622
Excess cement slurry (012) 50
Muds, cuttings, and cement at the seafloor (013) 3,747

Note: bbl = barrel

a
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Quantities include combined average drilling fluids and drill cuttings quantities from 26 NOlIs received from Shell,
ConocoPhillips, and Statoil.

Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of bbl/season (3,400
bbl/season), with season defined as a 100-day drilling season.

Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of 4,000 bbl/season.
Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of 11,800 bbl/season.
Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of 50,000 bbl/season.
Based on Shells’ NOls. Statoil and ConocoPhillips provided a jackup rig-specific estimated volume of 5 bbl/well.
Based on Statoil's NOIs. ConocoPhillips’ NOls provided an estimate of 200 bbl/season. Shell's NOls indicated zero
discharge of this wastestream.

Based on Statoil and ConocoPhillips NOIs. Shell’'s NOls indicated zero discharge of this wastestream.

Based on Shell's NOIs, which include volumes associated with drilling vessels. Statoil and ConocoPhillips’ NOls include
volumes s of 115,000 bbl/well and 33,400 bbl/well, respectively, which are specific to jackup rigs.

Based on Shell's NOIs. ConocoPhillips and Statoil’'s NOls include volumes s of 800 bbl/well and 1,000 bbl/well,
respectively.

The Chukchi general permit authorizes the discharge of 13 waste streams, and those waste streams are
evaluated in this ODCE. EPA’s Ocean Discharge Criteria (Title 40 of the Code of Federal Regulations
(CFR) Part 125, Subpart M) set forth specific determinations of unreasonable degradation that must be
made before permit issuance. Unreasonable degradation of the marine environment is defined (40 CFR
125.121][e]) as follows:

o Significant adverse changes in ecosystem diversity, productivity, and stability of the biological
community within the area of discharge and surrounding biological communities;

e Threat to human health through direct exposure to pollutants or through consumption of exposed
aquatic organisms; or

e Loss of aesthetic, recreational, scientific, or economic values, which are unreasonable in relation
to the benefit derived from the discharge.

This ODCE is based on 10 criteria (40 CFR 125.122):

e Quantities, composition, and potential for bioaccumulation or persistence of the pollutants to be
discharged;
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e Potential transport of such pollutants by biological, physical, or chemical processes;

e Composition and vulnerability of the biological communities which may be exposed to such
pollutants, including the presence of unique species or communities of species, the presence of
species identified as endangered or threatened pursuant to the Endangered Species Act, or the
presence of those species critical to the structure or function of the ecosystem, such as those
important for the food chain;

e Importance of the receiving water area to the surrounding biological community, including the
presence of spawning sites, nursery/forage areas, migratory pathways, or areas necessary for
other functions or critical stages in the life cycle of an organism;

e Existence of special aquatic sites including, but not limited to, marine sanctuaries and refuges,
parks, national and historic monuments, national seashores, wilderness areas, and coral reefs;

e Potential impacts on human health through direct and indirect pathways;

e Existing or potential recreational and commercial fishing, including finfishing and shellfishing;
e Any applicable requirements of an approved Coastal Zone Management Plan;

e  Other factors relating to the effects of the discharge as may be appropriate; and

e Marine water quality criteria developed pursuant to CWA section 304(a)(1).

A summary of the evaluation conducted for each of the 10 criteria is presented below.

Criterion 1. The quantities, composition, and potential for bioaccumulation or persistence of the
pollutants to be discharged.

The cumulative discharge volume associated with oil and gas exploration activities in the Chukchi Area
of Coverage will be low according to the number of estimated wells (24 to 42) to be drilled during the 5-
year permit term and the limited operating time for each well (30 to 90 days). Past studies suggest that
drilling fluids and cuttings, which are the primary discharge components, do not cause long-term
deleterious effects on the marine environment because of bioaccumulation or persistence because trace
metals are not present in significant quantities. Additionally, recent studies show that trace metals
commonly associated with water-based drilling fluids (WBFs) are not readily absorbed by living
organisms, but WBFs do carry small amounts of organic additives that can result in oxygen depletion,
which might adversely affect benthic organisms in the discharge area. Likewise, increased sedimentation
from cuttings and WBFs can affect benthic organisms in the discharge area. However, the impact of
oxygen depletion and increased sedimentation are limited to the small discharge area encircling each well
(100-m radius) and have few long-term impacts. Studies show benthic communities in the Arctic are
resilient and reestablish themselves within months after drilling operations cease. The Chukchi general
permit further limits the potential for adverse impacts by prohibiting the discharge of oil- and synthetic-
based drilling fluids, and restricting the number of wells drilled at a single drilling site to five wells unless
EPA approves discharges from additional wells.

All other potential waste streams that would be authorized by the Chukchi general permit (e.g., sanitary
and domestic wastes, deck drainage, blowout preventer fluid) do not contain pollutants that
bioaccumulate or persist in the marine environment.
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EPA is requiring environmental monitoring programs at each exploratory drilling location during the
S-year permit term to confirm those conclusions.

Criterion 2. The potential transport of such pollutants by biological, physical, or chemical processes.

Pollutant transfer can occur through biological, physical, or chemical processes, and, while some degree
of transfer is expected from exploratory drilling in the Chukchi Area of Coverage, the effects would be
limited by the relatively short duration of activity at any individual well (30 to 90 days) and the quantity
and composition of the discharges.

Physical transport models show that water quality criteria, including metals and temperature, will be met
within the 100-m mixing zone. Likewise, deposition models show that drilling fluids and cuttings would
settle on the seafloor in a thin deposit within the same range with thinner deposits (0.4 mm) possible
extending to 1,250 m. Ice gouging in the Area of Coverage is not well documented, but it is not expected
to play a substantial role in sediment transport.

Chemical transport of drilling fluids is not well described in the literature. Any occurrence would most
likely result from oxidative/reductive reactions in sediments that change the speciation and sorption-
desorption processes that change the physical distribution of pollutants. Discharges from exploration
activities are short-term and intermittent and are unlikely to result in significant accumulation on the
seafloor.

One area of uncertainty is the chemical and biological transport processes of metals in the receiving water
environment. As such, the Chukchi general permit will require an environmental monitoring program at
each drill site to further assess transport of metals in the arctic marine environment.

Criterion 3. The composition and vulnerability of the biological communities which may be exposed to
such pollutants, including the presence of unique species or communities of species, the presence of
species identified as endangered or threatened pursuant to the Endangered Species Act, or the presence of
those species critical to the structure or function of the ecosystem, such as those important for the food
chain.

There is some potential for authorized discharges to produce either acute or chronic effects on biological
communities through exposure in the water column or in the benthic environment. The discharges would
result in small areas where the density and diversity and biomass of benthic organisms would be reduced
for some period. Benthic organisms in such areas could also be exposed to sources of contaminants,
including trace metals; however, the extent of exposure is not expected to result in long-term changes to
the local species composition. Exposure of bottom feeders such as sea ducks, walrus, and gray whales to
those benthic communities is not anticipated to result in any adverse effects according to current data. The
Chukchi general permit’s environmental monitoring program will further assess effects on the benthic
communities.

Six threatened and endangered species occur within the Area of Coverage: two avian species (spectacled
eider, and Steller’s eider), three cetacean species (bowhead, fin, and humpback whales), and one
carnivore (polar bear). Those species live or spend a portion of their lives in the Area of Coverage. The
potential effects on those species include behavioral changes resulting from exploration rigs, drilling
support activities, and limited exposure to contaminants from preying on species that could bioaccumulate
contaminants. On the basis of the transient use of the area by those species, the limited areal extent of the
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potential impacts in relation to the total lease area containing prey, the overall mobility of those species,
and current studies about the impacts from oil and gas exploration, there is minimal risk to the biological
communities through exposure discharge pollutants in the Area of Coverage. However, additional
information on a site-specific basis is needed to evaluate potential bioaccumulation effects of drilling
fluids and associated cuttings. The Biological Evaluation of threatened and endangered species has been
completed for the Chukchi NPDES General Permit and is in a separate document.

Criterion 4. The importance of the receiving water area to the surrounding biological community,
including the presence of spawning sites, nursery/forage areas, migratory pathways, or areas necessary for
other functions or critical stages in the life cycle of an organism.

The Area of Coverage provides foraging habitat for a number of species, including marine mammals and
birds, and is in the migratory pathway for bowhead whales. Polar bear dens are found near shorefast ice
and pack ice. Fish and other whale species use the Area of Coverage for feeding, spawning, and
migration. The intermittent nature and limited duration of the discharges authorized under the Chukchi
general permit would not degrade the receiving waters or sensitive habitat. Drilling fluids and cuttings
discharges under the general permit are limited by type, rate, location, and time. Consequently, the
general permit restricts the potential impacts of those discharges to a short-term basis and prohibits any
discharge in waters less than 5 m deep.

Criterion 5. The existence of special aquatic sites including, but not limited to, marine sanctuaries and
refuges, parks, national and historic monuments, national seashores, wilderness areas, and coral reefs.

No marine sanctuaries or other special aquatic sites, as defined by 40 CFR 125.122, are in or adjacent to
the Chukchi general permit Area of Coverage. The nearest special aquatic site—the Alaska Maritime
National Wildlife Refuge (Chukchi Unit)—is approximately 60 mi to the southeast of the Area of
Coverage. The refuge provides habitat to a number of arctic seabird species and encompasses shoreline
areas from south of Cape Thompson to Cape Lisburne. A portion of the refuge also extends southwest
from Barrow through Peard Bay. No other marine sanctuaries or other special aquatic sites are in or
adjacent to the Area of Coverage.

Criterion 6. The potential impacts on human health through direct and indirect pathways.

Human health within the North Slope Borough is directly related to the subsistence activities in and along
the Chukchi Sea. In addition to providing a food source, subsistence activities serve important cultural
and social functions for Alaska Natives. Individuals in the North Slope and Northwest Arctic Boroughs
have expressed concerns related to contaminant exposure through consumption of subsistence foods and
other environmental pathways. Concerns have also been expressed over animals swimming through
discharge plumes that contain drilling fluids, cuttings, domestic or sanitary wastes, and other waste
streams that might contain chemicals.

EPA recognizes that even the perception of contamination could produce an adverse effect by causing
hunters to avoid harvesting some species or from some areas. Reduction of subsistence harvest or
consumption of subsistence resources because of lack of confidence in the foods could produce an
adverse effect on human health. Discharge of drilling fluids and drilling cuttings has the potential tocause
bioaccumulation of metals in benthic communities, and the discharges of non-contact cooling water
discharge could cause avoidance behavior in marine mammals because of temperature increases. Because
both types of discharge could affect subsistence resources or influence subsistence harvest activities, or
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both, the Chukchi general permit includes monitoring requirements and additional conditions to evaluate
the potential effect of the discharges and to ensure no unreasonable degradation of the marine
environment.

Criterion 7. Existing or potential recreational and commercial fishing, including finfishing and
shellfishing.

The Northwest Pacific Fishery Management Council developed a fishery management plan (FMP) for
fish resources in the Arctic Management Area in 2009. The plan prohibits commercial fishing in the area
until sufficient information is available to enable a sustainable commercial fishery to proceed (74 FR
56734). The FMPs applicable to salmon and Pacific halibut fisheries likewise prohibit the harvest of those
species within the Arctic Management Area. Amendment 29 to the Bering Sea/Aleutian Islands King and
Tanner Crabs FMP prohibits the harvest of crabs in the area as well (74 FR 56734). Commercial fishing is
not authorized within the lease areas that correspond to the locations for potential outfalls covered under
the general permit. Subsistence fishing occurs in the Chukchi Sea, but relatively close to shore,
eliminating potential effects on fishing success or the quality of the fish harvested.

Criterion 8. Any applicable requirements of an approved Coastal Zone Management Plan.

As of July 1, 2011, there is no longer an approved Coastal Zone Management Act (CZMA) program in
the State of Alaska, per AS 44.66.030, because the Alaska State Legislature did not pass legislation
required to extend the program. Nevertheless, EPA has completed a consistency review with the
enforceable policies and standards of the Alaska Coastal Management Program as if they are still in
effect. EPA determined that the Chukchi general permit complies with, and will be conducted in a manner
consistent to the maximum extent practicable with the Alaska Coastal Management Program, including
affected coastal district programs.

Criterion 9. Such other factors relating to the effects of the discharge as may be appropriate.

EPA has determined that the discharges authorized by the Chukchi general permit will not have a
disproportionately high and adverse human health or environmental effects with respect to the discharge
of pollutants on minority or low-income populations living on the North Slope, including coastal
communities near the proposed exploratory operations. In making that determination, EPA considered the
potential effects of the discharges on the communities, including subsistence areas, and the marine
environment. EPA’s evaluation and determinations are discussed in more detail in the Environmental
Justice Analysis, which are included in the administrative record for the permit action.

Criterion 10. Marine water quality criteria developed pursuant to CWA section 304(a)(1).

The Chukchi general permit addresses discharge of free oil (prohibited), fecal coliform bacteria, metals,
temperature, chlorine, turbidity, total suspended solids (TSS), and settleable solids. The following
summarizes those restrictions.

e Free oil may not be discharged. Waste streams that fail the static sheen test, or if visual
monitoring detects a sheen, may not be discharged.

e Sanitary wastewater is limited for fecal coliform bacteria, biochemical oxygen demand (BOD),
TSS, and total residual chlorine.
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Drilling fluids are the largest potential source of metals; however, analysis has shown that the
projected water column metal concentrations do not exceed applicable federal water quality
criteria. An environmental monitoring program is required at each drill site to evaluate the
potential for metals’ effect on the marine environment before and after drilling activities.

Non-contact cooling water is discharged at an elevated temperature compared to the receiving
water. Dilution modeling indicates that complete mixing will occur within 100 m and will not
exceed temperature water quality objectives.

The Chukchi general permit contains a daily maximum limitation of 1 milligram per liter total
residual chlorine and is expected to meet water quality criteria.

Discharges of drilling fluids and sanitary effluent are expected to contain settleable solids and
TSS, which contribute to turbidity. The permit contains effluent limitations for TSS according to
best professional judgment of secondary treatment standards for discharges of sanitary effluent.
The permit also contains an effluent toxicity limitation for suspended particulate phase material in
discharges of WBFs and cuttings. Those effluent limitations are expected to be protective of
water quality.

On the basis of the requirements of the Chukchi general permit and in consideration of the Ocean
Discharge Criteria, EPA concludes that the discharges will not cause an unreasonable degradation of the
marine environment.

ES-8
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ABBREVIATIONS AND ACRONYMS

ACC Alaska Coastal Current

BOEM Bureau of Ocean Energy Management
BOD biochemical oxygen demand

CFR Code of Federal Regulations

COD chemical oxygen demand

CWA Clean Water Act

DEIS draft environmental impact statement
EFH essential fish habitat

ELG effluent limitation guidelines

EPA U.S. Environmental Protection Agency
ESA Endangered Species Act
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FR Federal Register
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ODCE Ocean Discharge Criteria Evaluation
00C Offshore Operators Committee
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WBF water-based drilling fluid
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1. INTRODUCTION

1.1. Purpose

The U.S. Environmental Protection Agency (EPA), Region 10, proposes to reissue a National Pollutant
Discharge Elimination System (NPDES) general permit for effluent discharges associated with oil and
gas exploration activities in the Outer Continental Shelf (OCS). The reissued general permit would apply
to the Chukchi Sea Area of Coverage in federal waters north of Alaska (The Chukchi general permit
applies to the entire Chukchi Sea Area of Coverage (Figure 1-1).

Section 403(c) of the Clean Water Act (CWA) requires that NPDES permits for discharges into the
territorial seas, the contiguous zone and the oceans, including the OCS, comply with EPA’s Ocean
Discharge Criteria. The purpose of this Ocean Discharge Criteria Evaluation (ODCE) is to review the
discharges proposed under the Chukchi Exploration NPDES General Permit (AKG-28-8100) (Chukchi
general permit) and evaluate their potential to cause unreasonable degradation of the marine environment.

EPA’s Ocean Discharge Criteria (Title 40 of the Code of Federal Regulations [CFR] Part 125, Subpart
M) set forth factors the Regional Administrator must consider when determining whether discharges to
the OCS will cause unreasonable degradation to the marine environment. Unreasonable degradation is

defined as follows [40 CFR 125.121(e)]:

o Significant adverse changes in ecosystem diversity, productivity, and stability of the biological
community within the area of discharge and surrounding biological communities;

e Threat to human health through direct exposure to pollutants or through consumption of exposed
aquatic organisms; or

e Loss of aesthetic, recreational, scientific, or economic values, which are unreasonable in relation
to the benefit derived from the discharge.

EPA regulations set out 10 criteria to consider when conducting an ODCE (40 CFR 125.122):

1. Quantities, composition, and potential for bioaccumulation or persistence of the pollutants to be
discharged;

2. Potential transport of such pollutants by biological, physical, or chemical processes;

3. Composition and vulnerability of the biological communities which may be exposed to such
pollutants, including the presence of unique species or communities of species, the presence of
species identified as endangered or threatened pursuant to the Endangered Species Act, or the
presence of those species critical to the structure or function of the ecosystem, such as those
important for the food chain;

4. Importance of the receiving water area to the surrounding biological community, including the
presence of spawning sites, nursery/forage areas, migratory pathways, or areas necessary for
other functions or critical stages in the life cycle of an organism;

ODCE for Chukchi Exploration NPDES General Permit 1-1
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5. Existence of special aquatic sites including, but not limited to, marine sanctuaries and refuges,
parks, national and historic monuments, national seashores, wilderness areas, and coral reefs;

Potential impacts on human health through direct and indirect pathways;
Existing or potential recreational and commercial fishing, including finfishing and shellfishing;

Any applicable requirements of an approved Coastal Zone Management Plan;

o =N

Other factors relating to the effects of the discharge as may be appropriate; and

10. Marine water quality criteria developed pursuant to CWA section 304(a)(1).

On the basis of the analysis in this ODCE, the Regional Administrator will determine whether the general
permit may be issued. The Regional Administrator can make one of three findings:

1. The proposed discharge will not cause unreasonable degradation of the marine environment and
issue the permit;

2. The proposed discharges will cause unreasonable degradation of the marine environment, and
deny the permit; or

3. There is insufficient information to determine, before permit issuance, that there will be no
unreasonable degradation of the marine environment, and issue the permit if, on the basis of
available information, that

e Such discharge will not cause irreparable harm' to the marine environment during the period
in which monitoring will take place;

e There are no reasonable alternatives to the on-site disposal of these materials; and

e The discharge will be in compliance with additional permit conditions set out under (40 CFR
125.123(d)).

1.2. Scope of Analysis

Offshore oil and gas activities fall into three operational categories: exploration, development, and
production operations. Exploratory drilling operations, which identify the location of producing
formations, are conducted from drill barges, jack-up rigs, drill ships, or semi-submersible rigs. After a
commercially exploitable reserve has been identified, development operations are conducted on platforms
from which multiple wells are drilled. Production operations happen during and after developmental
drilling.

This document evaluates the impacts of waste water discharges associated with the proposed Chukchi
general permit for offshore oil and gas exploratory activities in the Chukchi Sea. Development and
production activities, and their associated discharges, are not covered by the Chukchi general permit and
are not discussed in this document. Development and production operations are not yet planned for the
Chukchi Sea and are outside the scope of the activities considered in this ODCE.

! Irreparable harm is defined as significant undesirable effects occurring after the date of permit issuance which will
not be reversed after cessation or modification of the discharge [40 CFR 125.121(a)].
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The Area of Coverage under the Chukchi general permit includes the areas where federal lease sales have
been finalized and potential future leases offered by the Bureau of Ocean Energy Management (BOEM).
The Chukchi general permit will authorize discharges from exploratory operations in all areas offered for
lease by BOEM in the federal waters of the Chukchi Sea, including past leases (i.e., Lease Sale 193) and
lease sale areas that might be offered in the immediate future (i.e., within the 2012-2017 5-year permit
term). The Chukchi general permit does not apply to areas covered under lease sales before Lease Sale
193 because those previous leases have expired. That method of defining the Area of Coverage will
ensure coverage of all areas that are currently and potentially leased during the 5-year term of the
Chukchi general permit. While BOEM’s Chukchi Sea Planning Area is generally larger than the areas
offered for lease by BOEM, discharges under the Chukchi general permit would occur in only those lease
blocks ultimately approved by BOEM for exploratory drilling.

This document relies extensively on information provided in the Final and Draft Environmental Impact
Statements (FEIS or DEIS) for BOEM Multiple Lease Sales 193, 209, 212, 217 and 221 (MMS 2007,
2008; BOEMRE 2010) and the Environmental Assessment for Sale 202 (MMS 2006); and the ODCE for
the Expired Arctic NPDES General Permit (USEPA 2006). Where appropriate, this document refers to
those publications for more detailed information about certain topics. The information presented here is a
synthesis of those documents, along with the inclusion of discharge modeling results and relevant new
findings published in the scientific literature.

1.2.1. Chukchi Sea Area of Coverage

The Chukchi Sea Area of Coverage includes approximately 53,750 square miles (mi) (33.76 million
acres). The Chukchi Sea Area of Coverage extends offshore from north of Barrow south-westward to
Point Hope. Leases offered by BOEM in previous sales begin approximately 75 mi offshore encompass
about 260 square mi (166,000 acres) offshore in water depths ranging from approximately 130 to

170 feet (ft).

1.2.2. Duration of Activity, Type, and Number of Potential Wells

Ice is present much of the year in the Chukchi Sea. Because of prevailing ice conditions and regulatory
restrictions, EPA expects that exploration wells will be drilled from drill ships or moveable platforms
during the summer months when pack ice is not present (July to October). Icebreakers would provide
support in the vicinity of the drilling rig to control sea ice, if necessary (MMS 2002).

The types of wells that could be drilled include exploration wells and delineation wells. An exploration
well is a well that is drilled into a previously undrilled geologic formation to test for the presence of
hydrocarbon accumulation. If an exploration well indicates positive results in terms of a resource, a
delineation well can be drilled at a distance from that well to determine the spatial and vertical extent of
the reserves. The delineation well could also be used to estimate the production rate of a new oil or gas
field. Because there are no differences in the types of discharges from exploration and delineation wells,
the Chukchi general permit regulates the discharges identically. The wells will be plugged” at the end of
the drilling program or capped for continued drilling the following season.

* Plugging refers to abandoning or closing the wells, which includes the requirement to backfill a portion of the well
with cement to ensure that hydrocarbons are not then released from the well.
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Drilling operations are expected to range between 30 and 90 days at different well sites, depending on the
depth to the target formation, drilling conditions, and logging/testing operations (MMS 2007). Because of
the relatively short, open-water season in the Chukchi (July to October), BOEM anticipates that up to four
wells could be started by one rig each drilling season. However, it is more likely that an operator, using a
single rig, would be able to complete drilling, testing, and plugging of up to two exploration wells during
a season. Between 1989 and 1991, 5 exploration wells were drilled in the Chukchi Sea, and BOEM
estimates that 7—14 additional wells would be needed to discover and delineate a commercial field

(MMS 2007).

For purposes of this evaluation, EPA estimates that up to 42 exploration and delineation wells will be
drilled during the five drilling seasons covered by the 5-year permit term (2012-2017). That estimate is
based primarily on information from the 2008 Minerals Management Service (MMS) DEIS for the
Proposed Lease Sales 212 and 221 (MMS 2008), the National Marine Fisheries Service (NMFS) and
BOEM’s Draft Environmental Impact Statement (DEIS) for Effects of Oil and Gas Activities in the Arctic
(NMFS 2011), BOEM’s proposed 5-year OCS oil and gas leasing program for 2012-2017 and the related
5-year draft programmatic environmental impact statement , and the information provided to EPA by the
operators in their water and air quality permit applications.

The 2008 DEIS reports estimates that 8—14 exploration wells could be drilled on existing leases from the
Lease Sale 193. The 2008 DEIS also assumes that exploration drilling would begin in the year after the
initial proposed sale (i.e., Sale 212 in 2010) and continue at an average rate of one to two wells per year
by one drilling rig. The DEIS indicated that some years could experience twice that drilling activity level
(i.e., two to four wells by two independent drilling rigs) when completed sales overlap. Finally, the DEIS
indicates that as a result of the proposed Sales 212 and 221, there could be 26—38 more wells drilled to
discover and delineate up to five new commercial fields.

EPA’s estimate reflects the current stated intentions of the three named companies, incorporates the 2008
MMS DEIS information, and assumes that a company would cease exploration drilling when it delineates
its first production field. In addition, the estimate assumes that a new operator enters the Chukchi Sea
theatre in 2014 under the NMFS/BOEM DEIS activity level assumption of two to four wells per year and
a second new operator enters the Chukchi Sea theatre in 2016 under similar drilling activity level
assumptions. Consequently, there could be three simultaneous drilling programs operating in 2014-2016
and two simultaneous drilling programs in 2017.

EPA’s estimate also factors in BOEM’s November 2011 announcement that one prospective lease sale
will occur in 2016 similar to the two proposed Lease Sales 212 (2010) and 221 (2012) discussed in the
2008 DEIS. It is assumed that drilling begins the year after sale at a maximum rate of four to eight wells
per company per year.

EPA presumes that no substantial limiting factors would affect a potential operator’s entry into the
Chukchi Sea drilling theatre. The EPA estimates might be high if the industry cannot mobilize adequate
ice management capabilities to sustain multiple operator drilling programs occurring simultaneous in the
Chukchi and Beaufort Seas.
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1.2.3. General Permit Requirements

The Chukchi general permit covers facilities that discharge effluent associated with oil and gas
exploration activities in the OCS of the Chukchi Sea. Authorized discharges consist of the following:

e Discharge 001 — water-based drilling fluids and drill cuttings
e Discharge 002 — deck drainage

e Discharge 003 — sanitary wastes

e Discharge 004 — domestic wastes

e Discharge 005 — desalination unit wastes

e Discharge 006 — blowout preventer fluid

e Discharge 007 — boiler blowdown

e Discharge 008 — fire control system test water
e Discharge 009 — non-contact cooling water

e Discharge 010 — uncontaminated ballast water
e Discharge 011 — bilge water

e Discharge 012 — excess cement slurry

e Discharge 013 — muds, cuttings, and cement at the seafloor

Authorized oil and gas discharges are subject to the Effluent Limitation Guidelines (ELGs) for the
Offshore Category of the Oil and Gas Extraction Point Source Category, found at 40 CFR 435. ELGs are
technology-based national standards for controlling conventional and toxic pollutants, based on the
performance of treatment and control technologies.

The Chukchi general permit’s requirements include a prohibition of discharging floating solids and
garbage and of discharging diesel oil, halogenated phenol compounds, trisodium nitrilotriacetic acid,
sodium chromate or sodium dichromate, to prevent discharges of deleterious or toxic pollutants, or both.

The proposed permit requires the permittees to implement an environmental monitoring program and
other conditions that assess the site-specific impacts of discharges of drilling fluids and associated
cuttings on water, sediment, and biological quality. The monitoring program includes assessments of pre-,
during, and post-drilling conditions and evaluations of the potential for bioaccumulative and persistent
impact of the water-based drilling fluids/cuttings discharge on aquatic life. Permittees are required to
assess the areal extent of cuttings deposition and conduct ambient measurements including temperature
and turbidity monitoring. Permittees are also required to assess any marine resource deflection or
avoidance observations with discharge plume characteristics (e.g., discharge plume direction and
location). Finally, the permittee is required to maintain a chemical additive inventory and must report
rates of use, locations in the drilling process where they are used, and discharge concentrations.

Permittees are required to develop a Quality Assurance Project Plan to ensure that monitoring data are
accurate, and to develop and implement a Best Management Practices Plan to prevent or minimize the
potential for generating or releasing pollutants from the facility. Additionally, permittees are required to
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develop and implement a Drilling Fluids Plan that specifies the drilling fluid and additives used and a
procedural plan for formulating and controlling the drilling fluid system.

1.3. Overview of Document

This ODCE provides an evaluation of the types of exploration discharges, estimated discharge volumes,
and potential effects on receiving water quality, biological communities, and human receptors. Section 2
provides a general description of the proposed exploration activities. Section 3 discusses the types and
estimated quantities of discharges and describes a modeling exercise to support the analysis. Section 4
summarizes the physical environment in the Chukchi Sea. Section 5 summarizes the aquatic communities
and important species, including threatened and endangered species, in the Chukchi Sea and describes the
potential biological and ecological effects from oil and gas exploration on those species. Section 6
addresses the 10 criteria to evaluate whether the proposed Chukchi general permit will cause an
unreasonable degradation of the marine environment.
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2. DESCRIPTION OF EXPLORATORY ACTIVITIES

Offshore drilling activities are divided into two phases: Exploratory drilling and development. During the
exploration phase of drilling operations, the goal is to identify areas in a formation that have the potential
for hydrocarbon reserves. Exploration activities are most commonly conducted from mobile platforms.
Once an area is determined to contain hydrocarbons for extraction, the drilling operations proceed to
developing the hydrocarbons. While those two drilling operations are different, their process for drilling is
similar (USEPA 1993).

Exploration activities in the offshore Arctic Ocean are, most often employed using floating barges, drill
ships, jack-up rigs, or semi-submersible rigs. Floating drilling units are typically used when drilling in
deep waters, while jack-up rigs can be used in waters up to 300 ft deep (USEPA 1993). Drill ships and
ship-shaped barges are vessels equipped with drilling rigs that float on the surface of the water and
maintain their position by dynamic positioning and anchors on the seafloor. A jack-up rig consists of a
drill rig attached to a barge. Once the barge reaches its desired location, support legs are attached and
jacked downward to the seafloor. Once the legs reach the seafloor, the downward pressure of the jacking
process lifts the barge out of the water. Semisubmersible rigs are mounted to a hull with adjustable
ballast, allowing the hull to be raised or lowered in the water. The rig floats on top of the water when not
in use. Once the hull is flooded, it sinks to a depth that allows the rig to remain stable against wave
motion (USEPA 1993). All the drilling operations would result in similar, if not identical, types of
discharges.

Exploratory drilling in the arctic requires first creating a mudline cellar (MLC). The purpose of the MLC
is to protect the well from ice gouging during ice-over periods. The MLC is drilled first using a large-
diameter drill bit (e.g., one proposal calls for an MLC 20 ft wide and 40 ft deep). Cuttings and displaced
sediments generated while drilling the MLC are jetted out of the well and fall back to the surface of the
seafloor in the vicinity of the well. The drilling process for the MLC does not use drilling fluid (only
seawater) and could produce approximately 3,000 barrels (bbl) of cuttings and displace approximately
566 cubic yards of material from the ocean floor. Drill cuttings are chips of the naturally occurring rock
that are removed from the drill hole during the drilling process (Shell Gulf of Mexico 2009a).

After the MLC is drilled, the process of preparing the first few hundred feet of a well is called spudding.
The spudding process typically requires a large-diameter pipe, called the conductor casing, that is
hammered, jetted, or placed on the seafloor, depending on the composition of the substrate (USEPA
1993). The conductor casing (and eventually the casing) guides the drill string down from the drill rig to
the drill hole that will become the exploration well. The drill string consists of lengths of pipe threaded
together to connect the drill motor with the drill bit. During exploration drilling, drilling fluid (or drilling
mud) is pumped down the well through the drill pipe and ejected from the drill bit into the well. The
drilling fluids lift cuttings off the bottom of the well away from the drill bit, and circulate the cuttings
back up the annular space to the surface. Drilling fluids are composed of water-, oil- or synthetic-based
materials (see the discussion in Section 3). The cuttings and fluid are sent through a series of shaker tables
and separators to remove the fluid from the cuttings.

The processed drilling fluid is then returned to a tank for reconditioning and reuse in the drilling process.
Barite (barium sulfate) is added to drilling fluid as a weighting agent, which counteracts reservoir
pressures and prevents water from seeping into the well from the surrounding rock formation (Neff 2008;
USEPA 2000).
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Only cuttings generated with water-based fluids are authorized for discharge under the Chukchi general
permit. Cuttings are typically discharged to open water via a discharge pipe (outfall), or via a disposal
caisson. In the case of a drill ship, the disposal caisson is a 15-in diameter pipe welded into the sponsoon
top and bottom. The disposal caisson is an open pipe and remains open to the sea at all times; it serves as
the conduit through which selected waste streams are disposed of at approximately 41 ft (12.5m) below
the surface of the ocean.

During or after the drilling process, drilling fluids might need to be replaced or disposed of, which again
is done in one of the two methods. If the drilling fluids are water-based and free of oil, they can be
disposed of under the Chukchi general permit, subject to the effluent limitations. If the fluids contain oil
either because of their type or because of drilling operations, they must be collected and disposed of at
other locations.

As the drill hole deepens, drilling is stopped periodically to add sections of cylindrical steel casing
through which the drill string operates. The casing keeps the walls from collapsing and binding the drill
string. To keep each string of casing in place, cement is pumped down through the new string of casing,
forced out of the open hole and back up the annular space outside the casing, between it and the open
hole, filling the voids. Once the cement is set outside the casing, the drilling process can continue. The
initial casing could be on the order of 30 in wide and is gradually narrowed as the hole deepens. The
addition of casing could be continued until final well depth is reached. If a stable formation is
encountered in the process, drilling could be conducted open hole without a casing. To prevent well
blowouts, blowout preventers (i.e., hydraulically operated, high-pressure safety valves), are attached at
the top of the well in the MLC. At the end of the entire operation, cement is used to plug the well after it
has been fully characterized and tested.

The discharge of drilling fluids and cuttings is an intermittent process, generally occurring continuously
while the drilling is in operation. The discharge of cuttings ceases during the process of adding more pipe
to the drill string or conducting cementing operations. During those periods, it is possible that water-based
drilling fluids continue to be discharged. The discharge of drilling fluids and cuttings occurs for
approximately 50 percent of the time the rig is on station.

On the rig, drainage waters from rainfall runoff from deck surfaces, and wash-down water generated from
cleaning the deck are discharged via a discharge pipe or caisson. Domestic gray water is generated from
showers, laundry, and liquid galley wastes. Sanitary water is generated from treated sewage. Those wastes
are combined and discharged via the caisson. Desalination wastewater (brine), bilge water, and ballast
water are wastewaters that are discharged via a discharge outfall. Solid food wastes are generally
incinerated onboard the ship, while other solid wastes, such as trash and debris are stored and disposed of
on land. Cooling water discharges could be discharged through the caisson or shunted directly to the sea
from the individual pieces of equipment associated with the cooling system. The design of the blowout
preventer is such that the fluid used to open it after it has been closed for testing must be forced through
the system and discharged at the unit itself.
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3. DISCHARGED MATERIALS, ESTIMATED QUANTITIES, AND
MODELED BEHAVIOR

This section discusses the composition and quantity of the discharges authorized by the Chukchi general
permit to the Area of Coverage (see Section 1.0). The information presented here also reflects in EPA’s
Final Development Document for Effluent Limitation Guidelines and New Source Performance Standards
for the Offshore Subcategory of the Oil and Gas Extraction Point Source Category (USEPA 1993), and
the notices of intent (NOIs) submitted by applicants that have requested coverage under the expired
Arctic NPDES general permit (AKG-28-0000). This section also presents the results of modeling that
estimates dilution and settling of solids under a variety of receiving water conditions.

3.1. Authorized Discharges

Offshore oil and gas exploration activities are generally characterized as short term at any location and
typically involve only a small number of wells. Those activities, however, generate numerous waste
streams that are discharged from the drilling rig or platform into the ocean. The waste streams are related
to the drilling process, equipment maintenance, and personnel housing.

The proposed Chukchi general permit authorizes ocean discharges of the waste streams, which are
discussed further below. Table 3.4 at the end of this section lists anticipated discharge quantities
according to NOIs received from by Shell Exploration, Inc. (Shell); ConocoPhillips Alaska, Inc. (COP);
and Statoil USA E&P, Inc. (Statoil).

3.2.  Drill Cuttings

The Chukchi general permit authorizes two types of drill cuttings: cuttings associated with constructing
the MLC and the top hole, and cuttings generated from drilling the well to the desired depth. The cuttings
generated from well drilling activities are broken loose by the drill bit and carried to the surface by
drilling fluids that circulate through the borehole. The cuttings are composed of the naturally occurring
solids found in subsurface geologic formations and, to a much lesser extent, bits of cement used during
the drilling process. Cuttings are separated from the drilling fluids by a shale shaker and other solids-
control equipment. Drilling fluids are circulated back down the borehole. The cuttings are discharged to
the sea through an outfall or disposal caisson (Discharge 001). That discharge could contain small
amounts of drilling fluids that remained adhered to the surface of the cuttings after the solids-separation
process.

The other category of cuttings are produced when preparing the MLC, which involves drilling without the
use of drilling fluids, and preparing the borehole, which requires the use of drilling fluids. Cuttings
generated in preparing the MLC and tophole are made using seawater and deposited on the seafloor
surface in the near vicinity of the MLC (Discharge 013). Subsequent drilling of the borehole below the
MLC is aided by drilling fluids, which are pumped back to the surface for processing and recycling.

3.3. Drilling Fluids

The term drilling fluids refers to a suspension of solids and dissolved materials in a water, oil, or synthetic
base, and can also be referred to as drilling muds. This document uses the term drilling fluids throughout;
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however, the term drilling muds might be used in materials cited as references. For the Chukchi general
permit, there is no significant difference between the terms.

The Chukchi general permit authorizes the discharge of only water-based drilling fluids (Discharge 001).
Operators can choose to use oil-based or synthetic-based fluids during exploration activities, but under the
permit, they may not discharge those drilling fluids. In addition, the discharge prohibition extends to all
cuttings generated with those fluids. Because the discharge of oil- and synthetic-based fluids and
associated cuttings is prohibited, those fluids are not discussed further. Additional discussion of oil- and
synthetic-based fluids is in the 2006 Final Ocean Discharge Criteria Evaluation of the Arctic NPDES
General Permit for Oil and Gas Exploration (USEPA 2006).

3.3.1. Purpose and Use

Drilling fluids are specifically formulated for each well to meet unique physical and chemical
requirements and to perform specific functions. The well’s location, depth, rock type, and other
conditions are all considered to develop a drilling fluid with the appropriate viscosity, density, sand
content, and gel strength. During exploratory drilling, fluids are pumped down the borehole and circulated
back to the surface, and are designed to perform one or more of the following primary functions:

e Remove cuttings and transport them to the surface;

e (Cool and clean the drill bit;

e Lubricate the drill string;

e Maintain the stability of uncased sections of the borehole; and/or

e Counterbalance formation pressure to prevent formation fluids (i.e., oil, gas, and water) from
entering the well prematurely (Berger and Anderson 1992; Sounders 1998).

Because the costs of transporting and formulating drilling fluids, they are recirculated and reused to the
extent feasible during the drilling process. The operator might need to discharge drilling fluids under a
variety of circumstances, including fouling of the drilling fluid over time, significant changes in the
required type of fluid, changes in drilling phases, and well completion/closure. An important factor
governing the need to discharge fluids is the constraint of solids storage on the vessel. The slurry tanks
are sized such that the vessel integrity is maintained, but storage capacity might not be sufficient to store
and reuse all drilling fluids throughout the well-drilling process.

3.3.2. Water-Based Drilling Fluids (WBFs)

In WBFs, water is the suspending medium for solids and is the continuous phase. These fluids are
composed of approximately 50 to 90 percent water by volume, with additives composing the rest. WBFs
are used most frequently because they are the least expensive, although they are not always the most
effective in a given situation. WBFs have limited lubricity and cause reactivity with some shale
formations. In deep holes or high-angle directional drilling, WBFs are not able to provide sufficient
lubricity to avoid sticking of the drill pipe. Reactivity with clay shale can cause destabilization of the
borehole.
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Eight generic types of WBFs exist (USEPA 1993).

L.

3.3.3.

Potassium/polymer fluids are inhibitive fluids because they do not change the formation after it is
cut by the drill bit. This fluid is used in soft formations such as shale where sloughing can occur.

Seawater/lignosulfonate fluids are inhibitive fluids that maintain viscosity by binding
lignosulfonate cations onto the broken edges of clay particles. This fluid is used to control fluid
loss and to maintain the borehole stability. This type of fluid can be easily altered to address
complicated drilling conditions, like high temperature in the geologic formation.

Lime (or calcium) fluids are inhibitive fluids that change viscosity as calcium binds clay platelets
together to release water. This fluid can maintain more solids and is used in hydratable, sloughing
shale formations.

Nondispersed fluids are used to maintain viscosity, to prevent fluid loss, and to provide improved
penetration, which might be impeded by clay particles in dispersed fluids.

Spud fluids are non-inhibitive fluids that are used in approximately the first 300 m of drilling.
This is the most basic fluid mixture, which contains mostly seawater and few additives.

Seawater/freshwater gel fluids are inhibitive fluids used in early drilling to provide fluid control,
shear thinning, and lifting properties for removing cuttings from the hole. Prehydrated bentonite
is used in both seawater and freshwater fluids and attapulgite (a type of clay with special
properties) is used in seawater when fluid loss is not a concern.

Lightly treated lignosulfonate freshwater/seawater fluids resemble seawater/lignosulfonate liquids
except their salt content is less. The viscosity and gel strength of this fluid are controlled by
lignosulfonate or caustic soda.

Lignosulfonate freshwater fluids are similar to the fluids at numbers 2 and 7 above, except the
lignosulfonate content is higher. This fluid is used for higher temperature drilling.

Composition and Additives

The composition of drilling fluids can be adjusted over a wide range from one borehole to the next, and
during the course of drilling a single hole when encountering different formations. In addition to the
variability among WBFs depending on the character of the borehole, additives can be adjusted depending
on particular needs within the drilling process. Table 3-1 shows several common WBF formulations that
have been used in offshore drilling operations in the past.

The list below presents some of the more common additives and is followed by a more detailed
discussion of some of the additives.

Weighting materials, primarily barite (barium sulfate), are commonly used to increase the density
of the drilling fluid to equilibrate the pressure between the borehole and formation when drilling
through particularly pressurized zones.

Corrosion inhibitors such as iron oxide, aluminum bisulfate, zinc carbonate, and zinc chromate
protect pipes and other metallic components from acidic compounds encountered in the
formation.

Dispersants, including iron lignosulfonates, break up solid clusters into small particles so they can
be carried by the fluid.
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e Flocculants, primarily acrylic polymers, cause suspended particles to group together so they can
be removed from the fluid at the surface.

o Surfactants, like fatty acids and soaps, are used to defoam and emulsify the drilling fluid.

e Biocides, typically organic amines, chlorophenols, or formaldehydes, kill bacteria that can

produce toxic hydrogen sulfide gas.

e Fluid loss reducers include starch and organic polymers. These limit the loss of drilling fluid to

under-pressurized or high-permeability formations (USEPA 1987).

Table 3-1. Generic fluid formulations

Seawater/potassium/polymer fluid

Seawater/freshwater gel fluid

Components Ib/bbl Components Ib/bbl
KCI 5-50 Attapulgite or Bentonite Clay 10-50
Starch 2-12 Caustic 0.5-3
Cellulose Polymer 0.25-5 Cellulose Polymer 0-2
XC Polymer 0.25-2 Drilled Solids 20-100
Drilled Solids 20-100 Barite 0-50
Caustic 0.5-3 Soda Ash/Sodium Bicarbonate 0-2
Barite 0-450 Lime 0-2
Seawater As needed | Seawater/Freshwater As needed
Seawater lignosulfonate fluid Lime fluid

Components Ib/bbl Components Ib/bbl
Attapulgite or Bentonite 10-50 Lime 2-20
Lignosulfonate 2-15 Bentonite 10-50
Lignite 1-10 Lignosulfonate 2-15
Caustic 1-5 Lignite 0-10
Barite 25-450 Barite 25-180
Drilled Solids 20-100 Caustic 1-5
Soda Ash/Sodium Bicarbonate 0-2 Drilled Solids 20-100
Cellulose Polymer 0.25-5 Soda Ash/Sodium Bicarbonate 0-2
Seawater As needed | Freshwater As needed

Source: USEPA 1985
Ib/bbl = pounds per barrel

3.3.3.1. Barite

Barite is a chemically inert mineral that is heavy and soft, and is the principal weighting agent in WBFs.
Barite is composed of over 90 percent barium sulfate, which is virtually insoluble in seawater, and is used
to increase the density of the drilling fluid to control formation pressure (Perricone 1980). Quartz, chert,
silicates, other minerals, and trace levels of metals can also be present in barite.

The presence of potentially toxic trace elements in drilling fluids and adherence to cuttings is a concern.
Barite is a concern because it is known to contain trace contaminants of several toxic heavy metals such
as mercury, cadmium, arsenic, chromium, copper, lead, nickel, and zinc (USEPA 2000). To control the

concentration of heavy metals in drilling fluids, EPA promulgated regulations applicable to the offshore
subcategory of the oil and gas industry in 1993 (40 CFR Part 435, Subpart A) requiring that stock barite
meet the criteria limits of 3 milligrams per kilogram (mg/kg) for cadmium and 1 mg/kg for mercury.

3-4
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Table 3-2 presents the metals concentrations in barite that were the basis for the cadmium and mercury
limitations in the offshore subcategory.

Table 3-2. Metals concentrations in barite used in drilling fluids

“Clean” barite concentrations
Metal (mg/kg)
Aluminum 9,069.9
Antimony 5.7
Arsenic 71
Barium 359,747.0
Beryllium 0.7
Cadmium 1.1
Chromium 240.0
Copper 18.7
Iron 15,344.3
Lead 35.1
Mercury 0.1
Nickel 13.5
Selenium 1.1
Silver 0.7
Thallium 1.2
Tin 14.6
Titanium 87.5
Zinc 200.5

Source: EPA 821-R-93-003 (Offshore ELG Development Document); Table XI-6

3.3.4. Clay

Clay compounds are added to drilling fluids to control certain physical properties, such as fluid loss,
viscosity and yield point, and eliminate borehole problems. The most commonly used commercial clay is
sodium montmorillonite. Bentonite is another common additive used to increase the fluid’s viscosity and
gel strength, which increases the carrying capacity for solids removal from the borehole. Bentonite—an
absorbent, colloidal clay—also greatly improves the filtration and filter cake properties of the fluid
(Lyons 2009). The concentration of bentonite in drilling fluid systems is usually 5 to 25 1b/bbl. In the
presence of concentrated brine, or formation waters, attapulgite or sepiolite clays (10 to 30 Ib/bbl) are
substituted for bentonite (Perricone 1980).

3.3.5. Lignosulfonate

Lignosulfonate is used to control viscosity in drilling fluids by acting as a thinning agent or deflocculant
for clay particles. Concentrations in drilling fluid range from 1 to 15 1b/bbl. It is made from the sulfite
pulping of wood chips used to produce paper and cellulose. Ferrochrome lignosulfonate, the most
commonly used form of lignosulfonate, is made by treating lignosulfonate with sulfuric acid and sodium
dichromate. The sodium dichromate oxidizes the lignosulfonate and cross linking occurs. Hexavalent
chromium supplied by the chromate is reduced in the reaction to the trivalent state and complexes with
the lignosulfonate. At high downhole temperatures, the chrome binds onto the edges of clay particles and
reduces the formation of colloids. Ferrochrome lignosulfonate retains its properties in high soluble salt
concentrations and over a wide range of alkaline pH (USEPA 1993).
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3.3.6. Caustic Soda

Sodium hydroxide is used to maintain the filtrate pH between 9 and 12. A pH of 9.5 provides for
maximum deflocculation and keeps the lignite in solution. A more basic pH lowers the corrosion rate and
provides protection against hydrogen sulfide contamination by limiting microbial growth (Lyons 2009).

3.3.7. Spotting Compounds

Spotting compounds are used to help free stuck drill strings. A concentrated pill of the spotting agent is
pumped downhole and up the annular space between the borehole and drill pipe. After working to free the
stuck pipe, the pill is then pumped back to the surface. Some of these (e.g., vegetable oil or fatty acid
glycerol) are easily broken down in the environment. The most effective and, consequently, most
frequently used compounds are oil-based (diesel or mineral oil). Mineral oils can contribute potentially
toxic organic pollutants to drilling fluids to which they are added. Data show that the concentration of
organic pollutants in the drilling fluids is roughly proportional to the amount of mineral oil added. The
proposed Chukchi general permit does not authorize the discharge of drilling fluids or cuttings that are
contaminated with diesel oil. In addition, the permit authorizes the discharge of residual amounts of
mineral oil pills provided that certain precautionary measures are taken to minimize contamination of the
drilling fluids.

3.3.8. Lubricants

Lubricants are added to the drilling fluid when high torque conditions are encountered on the drill string.
These can be vegetable, paraffinic, or asphaltic-based compounds such as Soltex. Mineral oil-based
lubricants can contribute to organic pollutant loading and, like spotting fluids, are not authorized for
discharge under the proposed Chukchi general permit.

3.3.9. Zinc Carbonate

Zinc carbonate is used as a sulfide scavenger when formations containing hydrogen sulfide are expected
to be encountered during drilling. The zinc sulfide and unreactive zinc compounds are discharged with the
drilling fluid, thus contributing to the overall zinc loading when they are used. While the potential need
exists, most drilling activities do not encounter conditions that warrant using sulfide scavengers (Lyons
and Plisga 2005).

3.4. Other Discharges

In addition to drilling fluids and cuttings, the Chukchi general permit authorizes 12 other exploration
waste streams. Note that the discussion for sanitary and domestic wastewater is combined in the
discussion below. As a result of the limited quantitative data available on chemical concentrations in
arctic platform discharges, the Chukchi general permit includes a requirement to report and monitor the
quantities of chemicals added to any of the discharge wastestreams, including limitations on chemical
additive concentrations. The permit also requires reporting of the total discharge volumes of all waste
streams.

3.4.1. Deck Drainage
Deck drainage (Discharge 002) refers to any wastewater generated from platform washing, deck washing,
spillage, rainwater, and runoff from curbs, gutters, and drains, including drip pans and wash areas. Such
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drainage could include pollutants such as detergents used in platform and equipment washing, oil, grease,
and drilling fluids spilled during normal operations.

When water from rainfall or from equipment cleaning comes in contact with oil-coated surfaces, the water
becomes contaminated and must be treated and discharged. Oil and grease are the primary pollutants
identified in the deck drainage waste stream (USEPA 1993). In addition to oil, various other chemicals
used in drilling operations might be present in deck drainage. Those chemicals can include drilling fluids,
ethylene glycol, lubricants, fuels, biocides, surfactants, detergents, corrosion inhibitors, cleaners, solvents,
paint cleaners, bleach, dispersants, coagulants, and any other chemical used in the daily operations of the
facility (Dalton et al. 1985).

Untreated deck drainage can contain oil and grease in quantities ranging from 12 to 1,310 milligrams per
liter (mg/L). However, the Chukchi general permit requires the permittee to separate area drains that
might be contaminated with oil and grease with those that might not be contaminated. Ranges for other
pollutant quantities in untreated deck drainage are provided in Table 3-3.

EPA (1993) determined that the best practicable control technology currently available for treating deck
drainage is a sump and skim pile system. Oil and water are gravity-separated in the sump, and the oil is
sent off-site. After treatment in an oil water separator, clean water is discharged, and oily water is stored
onboard until it can be transferred to an approved treatment and disposal site.

The Chukchi general permit prohibits the discharge of deck drainage if free oil is detected using the static
sheen test. The permit also requires monitoring for pH, total aqueous hydrocarbons (TAqH), and total
hydrocarbons (TAH). Furthermore, the permit requires toxicity testing of the deck drainage wastestream
using an initial toxicity screening tool. If initial toxicity screening indicates the potential for toxicity, or if
the discharge exceeds a flow rate or volume greater than 10,000 gallons during any 24-hour period and if
chemicals are added to the system, additional whole effluent toxicity (WET) monitoring is required.

3.4.2. Sanitary and Domestic Waste

While some platforms discharge sanitary and domestic wastes separately, many combine these waste
streams before discharge. Therefore, this section discusses sanitary waste, domestic waste and the combined
waste. Sanitary waste (Discharge 003) is human body waste discharged from toilets and urinals and treated
with a marine sanitation device (MSD). The discharge consists of secondary treated chlorinated effluent.
Domestic waste (Discharge 004) refers to materials discharged from sinks, showers, laundries, safety
showers, eyewash stations, and galleys. Domestic waste, also called gray water, can include kitchen solids,
detergents, cleansers, oil and grease. Domestic waste includes solid materials such as paper and cardboard
that must be disposed of properly. Domestic waste is sometimes incinerated, reused, or discharged directly
into receiving waters.

The volume of sanitary wastes varies widely with time, occupancy, platform characteristics and
operational situation. Pollutants of concern in sanitary waste controlled by the Chukchi general permit
include biochemical oxygen demand, total suspended solids (TSS), fecal coliform bacteria, and residual
chlorine. The Chukchi general permit also establishes a pH limit for sanitary wastes and requires pH
monitoring for domestic wastes.
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Table 3-3. Pollutant concentrations in untreated deck drainage

Pollutant Range
Conventional (mg/L)

pH 6.6-6.8
BOD < 18-550
TSS 37.2-220.4
Oil and Grease 12-1,310
Nonconventional (ug/L)

Temperature (°C) 20-32
TOC (mg/L) 21-137
Aluminum 176-23,100
Barium 2,420-20,500
Boron 3,110-19,300
Calcium 98,200-341,000
Cobalt <20

Iron 830-81,300
Magnesium 50,400-219,000
Manganese 133-919
Molybdenum <10-20
Sodium 151x10*-568x10"
Tin <30
Titanium 4-2,030
Vanadium < 15-92
Yttrium <2-17
Priority Metals (ug/L)

Antimony <4-<40
Arsenic <2-<20
Beryllium <11
Cadmium <4-25
Chromium <10-83
Copper 14-219
Lead < 50-352
Mercury <4

Nickel <30-75
Selenium <3475
Silver <7
Thallium <20

Zinc 2,970-6,980
Priority Organics (ug/L)

Acetone ND-852
Benzene ND-205
m-Xylene ND—-47
Methylene chloride ND-874
N-octadecane ND-106
Naphthalene 392-3,144
o,p-Xylene 105-195
Toluene ND-260
1,1-Dichloroethene ND-26

Source: USEPA 1993
Note:
ND = not detected

NOTE: The table presents ranges for four samples, two each, at two of the three facilities in the three-
facility study conducted by EPA. The study was conducted over four days in 1989 at three oil and gas
production facilities that used granular filtration for treatment of produced water: Thums Long Beach
Island Grissom, Shell Western E&B Inc — Beta Complex, and Conoco’s Maljamar Oil Field.
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The Chukchi general permit requires sanitary wastewater to be treated with an approved MSD before
discharge, while domestic (gray) wastewater may be discharged directly or after chlorination. Permittees
indicate that sanitary and domestic wastewaters are discharged via the disposal caisson.

3.4.3. Desalination Unit Waste

Desalination unit waste (Discharge 005) is residual high-concentration brine, associated with the process
of creating freshwater from seawater. The concentrate is similar to sea water in chemical composition;
however, anion and cation concentrations are higher. Discharges from desalination units occur via the
disposal caisson and can vary in volume depending on the freshwater needs of the rig.

The Chukchi general permit prohibits the discharge of free oil in this waste stream. If a sheen is detected
using a sheen test, the waste stream may not be discharged. Furthermore, the permit requires pH
monitoring and monitoring for WET if initial toxicity screening indicates the potential for toxicity, or if
the discharge exceeds a flow rate or volume greater than 10,000 gallons during any 24-hour period and if
chemicals are added to the system.

3.4.4. Blowout Preventer Fluid

As explained previously, the blowout preventer is a device typically below the seafloor designed to
maintain the pressure in the well that cannot be controlled by the drilling fluid. Fluid used to operate the
blowout preventer (Discharge 006) may be discharged in small quantities (less than 42 bbl/well or
approximately 7 bbl per testing event) when the blowout preventer is actuated on the hydraulic
equipment. Testing of the blowout preventer device must be conducted periodically, typically weekly, and
the discharges occur during those periods. The primary constituents of blowout preventer fluid are oil
(vegetable or mineral) or seawater mixed with an antifreeze solution (ethylene glycol).

The Chukchi general permit prohibits the discharge of free oil in this waste stream. If a sheen is detected
using a sheen test, the waste stream may not be discharged. The permit also requires pH monitoring.

3.4.5. Boiler Blowdown
Boiler blowdown (Discharge 007) is the discharge of water and minerals drained from boiler drums to
minimize solids buildup in the boiler.

The Chukchi general permit prohibits the discharge of free oil in this waste stream. If a sheen is detected
using a sheen test, the waste stream may not be discharged. Furthermore, the permit requires pH
monitoring and monitoring for WET if initial toxicity screening indicates the potential for toxicity, or if
the discharge exceeds a flow rate or volume greater than 10,000 gallons during any 24-hour period and if
chemicals are added to the system.

3.4.6. Fire Control System Test Water

Fire control system test water (Discharge 008) is seawater that is released while training personnel in fire
protection, and testing and maintaining fire protection equipment on the platform. Fire control system test
water discharges occur as an overboard discharge. The test water may be treated with a biocide.
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3.4.7. Non-Contact Cooling Water

Non-contact cooling water (Discharge 009) is seawater that is used for non-contact, once-through cooling
of various pieces of machinery (e.g., power generators) on the platform. Non-contact cooling water is the
majority of the volume of the discharges that would be released under the Chukchi general permit. The
volume of non-contact cooling water depends on the configuration of heat exchange systems on the
drilling rig. Some systems use smaller volumes of water that are heated to a greater extent, resulting in a
higher temperature differential between waste water and receiving water. Other systems use larger
volumes of water to cool equipment, resulting in a smaller difference between the temperature of waste
water and receiving water. Depending on the heat exchanger materials and the system’s design, biocides
or oxidizing agents might be needed to control biofouling on condenser tubes and intake and discharge
conduits.

Discharges occur via numerous overboard outfalls from the ship. A small volume of non-contact cooling
water is used to dilute discharges of drill cuttings.

The Chukchi general permit prohibits the discharge of free oil in this waste stream. If a sheen is detected
using a sheen test, the waste stream may not be discharged. The permit also requires pH and temperature
monitoring. Furthermore, the permit requires monitoring for WET if initial toxicity screening indicates
the potential for toxicity, or if the discharge exceeds a flow rate or volume greater than 10,000 gallons
during any 24-hour period and if chemicals are added to the system.

3.4.8. Uncontaminated Ballast Water

Ballast water (Discharge 010) is seawater that is added or removed to maintain the proper ballast floater
level and ship draft. The Chukchi general permit requires all ballast water contaminated with oil and
grease to be treated through an oil-water separator before discharge and monitoring for pH.

3.4.9. Bilge Water

Bilge water (Discharge 011) is seawater that collects in the lower internal parts of the drilling vessel hull.
It becomes contaminated with oil and grease and with solids such as rust when it collects at low points in
the bilges. The Chukchi general permit requires treatment of all bilge water through the oil-water
separator before discharge, monitoring for pH, and WET testing if initial toxicity screening indicates the
potential for toxicity, or if the discharge exceeds a flow rate or volume greater than 10,000 gallons during
any 24-hour period and if chemicals are added to the system.

3.4.10. Excess Cement Slurry

Excess cement slurry (Discharge 012) is created from equipment washdown after cementing operations.
Excess cement slurry is discharged in small quantities during installation of the drill casing, but it can
vary according to drilling conditions. The Chukchi general permit prohibits the discharge of free oil in
this waste stream. If a sheen is detected using a sheen test, the waste stream may not be discharged. The
permit also requires pH and temperature monitoring,
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3.4.11. Muds, Cuttings, and Cement at Seafloor

Muds, cuttings, and cement discharge occurs at the seafloor in the early phases of drilling operations,
such as when constructing the MLC, before the well casing is set, and during well abandonment and
plugging. Seawater is used as a drilling fluid during those periods. Aside from cement, cement extenders,
accelerators, and dispersants are the main chemicals added to this discharge.

The Chukchi general permit prohibits the discharge of free oil in the waste stream. If a sheen is detected
using a sheen test, the waste stream may not be discharged.

3.5. Estimated Discharge Quantities

The actual number of wells that will be drilled in the Area of Coverage during the 5-year term of the
Chukchi general permit is not known; therefore, the volumes of various discharges must be estimated.
EPA estimates the potential drilling of 2442 wells during the term of the permit as a high-end estimate
according to existing information. To date, five exploration wells have been drilled in the Chukchi Sea.

Discharge estimates per well were derived by EPA using NOI information submitted by Shell, COP, and
Statoil for potential exploration activities in the Chukchi Area of Coverage. The NOI data are summarized
in Table 3-4, below.

3.6. Predictive Modeling of Discharges

3.6.1. Drilling Fluid Transport, Deposition, and Dilution

Drilling fluids contain quantities of coarse material, fine material, dissolved solids, and free liquids. The
fluids behave like a slurry in that the coarse material/solids are denser than water and sink rapidly to the
seafloor, while portions of the aqueous component remain above in the water column (USEPA 2000). The
upper plume contains dissolved constituents and fine-grained solids accounting for about 5 to 7 percent,
by weight, of the total drilling fluid discharge (Ayers et al. cited in USEPA 1985). The lower plume
contains the majority of the discharged materials, including most of the solids.

The Offshore Operators Committee (OOC) developed a model for predicting the behavior of solid and
soluble components of drilling-related discharges. The OOC model was first made available to OOC
member companies and federal and state agencies concerned with offshore drilling discharge regulation
in 1983. The OOC model considers the upper and a lower plume, which contains the majority of solids.
The dilution of the drilling effluent is simulated by considering three phases of plume behavior:
convective descent, dynamic collapse, and a later passive diffusion phase. A Gaussian formulation is used
to sum the three component phases and to track the distribution of solids from the lower plume to the
bottom. The model predicts concentrations of solids and soluble components in the water column and the
initial deposition of solids on the seafloor. The model version employed for this ODCE is Version 2.5
supplied by Brandsma Engineering and is identical to that used in the existing Arctic ODCE (USEPA
2006). For detailed information about the model and simulation results, see Appendix A.
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Table 3-4. Estimated discharge quantities based on NOls

Discharge quantities
Discharge (bbl/well)
Water-based drilling fluids and drill cuttings (001)? 7,693
Deck drainage (002)° 478
Sanitary wastes (003) 1,100°
Domestic wastes (004) 9,343°
Desalination unit wastes (005) 7,990°
Blowout preventer fluid (006) 42'
Boiler blowdown (007) 3909
Fire control system test water (008) 110 bbl/month”
Non-contact cooling water (009) 2,700,000
Uncontaminated ballast Water (010) 168'
Bilge water (011) 622
Excess cement slurry (012) 50’
Muds, cuttings, and cement at the seafloor (013) 3,747
Note:

a Quantities include combined average drilling fluids and drill cuttings quantities from 26 NOIs received from Shell,
ConocoPhillips, and Statoil.

b Based on Shell's and Statoil's NOIs. ConocoPhillips’ NOIs provided an estimated volume of bbl/season (3,400
bbl/season), with season defined as a 100-day drilling season.

Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of 4,000 bbl/season.

Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of 11,800 bbl/season.
Based on Shell's and Statoil’'s NOIs. ConocoPhillips’ NOIs provided an estimated volume of 50,000 bbl/season.
Based on Shells’ NOlIs. Statoil and ConocoPhillips provided a jackup rig-specific estimated volume of 5 bbl/well.

Based on Statoil's NOIs. ConocoPhillips’ NOlIs provided an estimate of 200 bbl/season. Shell's NOls indicated zero
discharge of this wastestream.

Based on Statoil and ConocoPhillips NOIs. Shell’'s NOls indicated zero discharge of this wastestream.

i Based on Shell's NOlIs, which include volumes associated with drilling vessels. Statoil and ConocoPhillips’ NOls
include volumes s of 115,000 bbl/well and 33,400 bbl/well, respectively, which are specific to jackup rigs.

j Based on Shell’'s NOls. ConocoPhillips and Statoil’'s NOIs include volumes s of 800 bbl/well and 1,000 bbl/well,

respectively.

Q ™0 a o

=

The OOC model results do not include cuttings because most (those 1 millimeter [mm] in diameter or
larger) are expected to be of coarser grain size than drilling fluids and will, therefore, settle more rapidly
to the seafloor. While not modeled, the total discharge of cuttings is generally about 1.3 times greater (as
dry weight) than the total discharge of drilling fluids for these operations. Because the cuttings are not
included in the model, the modeled nearfield estimates (within 100 m [328 ft] of the point of discharge) of
bottom accumulations should be considered under-estimates and represent only the solids component of
the drilling fluid.

Because the permit is issued in advance of the drilling activity, the modeling analysis employs
assumptions about the discharge that can vary from actual conditions at any site (e.g., a single discharge
of limited duration and unidirectional currents). The model predictions discussed below provide a
generalized and conservative picture of expected dilution and deposition.

The OOC model was used to examine discharge scenarios that were (1) likely to occur in the areas of
coverage, and (2) representative of the maximum allowable discharge rates (see below). Discharge
scenarios were determined by examining relevant information sources describing exploratory oil and gas
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drilling practices. That includes information obtained from NOIs submitted by Shell for proposed drilling
in the Chukchi Sea (Shell Gulf of Mexico 2009b). Maximum allowable rates of discharge for drilling
fluids and drill cuttings (Discharge 001) are specified in the proposed Chukchi general permit, which are
based on previous OOC model runs for earlier ODCEs in this area. Model parameters held constant for all
test cases are presented in Table 3-5. The expired Arctic General Permit states that the total drilling fluids
and cuttings discharge rate must not exceed the following rates where depth is measured as meters from
mean lower low water (MLLW). The same requirements are retained in the proposed Chukchi general

permit:

e 1,000 bbl/h in water depths exceeding 40 m (131 ft);

e 750 bbl/h in water depths greater than 20 m (65 ft) but not exceeding 40 m (131 ft);

e 500 bbl/h in water depths greater than 5 m (16 ft) but not exceeding 20 m (65 ft); and

e No discharge in water depths less than 5 m (16 ft).

Table 3-5. OOC model input parameters that were held constant

Discharge conditions

Angle of Pipe (degrees downward from horizontal) 90.0
Depth of Pipe Mouth (m) 0.3
Pipe Radius (m) 0.1

Rig Type Jackup
Rig Length (m) 70.1

Rig Width (m) 61.0

Rig Wake Effect Included
Drilling fluid characteristics

Bulk Density (g/cm®) 2.085
Initial Solids Concentration in Whole Drilling Fluid (mg/L) 1,441,000

Drilling fluid particle distribution

Volume fraction in Settling velocity
Class Density whole fluid
number (g/cm3) (cm3/cm3) (cmls) (ft/s)
1 3.959 0.0364 0.658 0.021600
2 3.959 0.0364 0.208 0.006820
3 3.959 0.0437 0.085 0.002780
4 3.959 0.0728 0.044 0.001430
5 3.959 0.1383 0.023 0.000758
6 3.959 0.0364 0.013 0.000427
Receiving water characteristics
Significant Wave Height (m) 0.6
Significant Wave Period (sec) 12.0
Surface Water Density (o) 22.0
Density Gradient ( kg/m3]/m) +0.1

Note: mg/L = milligrams per liter; g/cm3 = grams per cubic centimeter; cm® = cubic centimeter; cm/s = centimeters per
second; ft/s = feet per second; o = the sigma-t value based on local temperature and salinity; [kg/m3]/m = kilograms per

cubic meter divided by meters
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The model predicts sediment deposition for a range of drilling fluid discharges consistent with the
permitted discharge levels (see Appendix A).

OOC model test cases that reflect the permit stipulations discussed above were generally run for open-
water discharges and shunting (discussed below). The results for all model runs are provided in Appendix
A. The following section describes the results of the model runs specifically related to the proposed
Chukchi Sea discharges.

3.6.2. Open-Water Drilling Fluid Discharges to the Chukchi Sea

In the Chukchi Sea, expected discharge scenarios are consistent with the following conditions:
e Discharges at water depths of 40-50 m (131-164 ft);
e Discharges near the surface;
e Current speeds of 0.05 m per second (m/s) to 0.3 m/s where discharges are likely to occur; and

e Discharges over a 30-day period of approximately 5,000 bbl (consistent with estimates from
Shell’s NOI).

The model results for the scenarios indicate maximum deposition thicknesses ranging from 0.008 to 0.024
cm (0.003 to 0.009 in) along the current direction. Those scenarios, however, include total discharges of
1,000 bbl. Scaling the results upward to reflect actual total discharges of up to 5,000 bbl, the maximum
deposition thicknesses will range from 0.04 to 0.12 cm (0.016 to 0.047 in) depending on current speed.
The maximum deposition for a slower current speed (0.1 m/s [0.32 ft/sec]) occurs from 100 to 500 m
(328 to 1,640 ft) from the discharge point, whereas the maximum deposition occurs 800 to 1,400 m
(2,624 to 4,600 ft) from the discharge point for a higher current speed of (0.3 m/s [1 ft/sec]). As discussed
in Section 4.2.2 below, current speeds in the Chukchi Sea can exceed 1 ft/sec.

The predictions for the Chukchi Sea include maximum depositional thicknesses of approximately 1 cm
(0.39 in) with most areas covered by less than 0.1 cm (0.04 in). The majority of the solids would be
deposited within 1,000 m (3,280 ft) of the discharge.

3.6.3. Shunting of Drilling Fluid Discharges

Both open-water and below-ice discharges can be shunted (i.e., discharged at depth rather than near the
surface). As expected, OOC modeling results for deposition show that shunting discharges below the
surface leads to a greater depositional thicknesses that extends over a smaller overall area of deposition
compared to near surface discharges at the same discharge rates and current speeds. For example, model
results for the maximum allowable discharge rate of 1,000 bbl per hour at a water depth of 50 m (164 ft),
current speed of 0.2 m/s (0.64 ft/s), and discharge depth of 20.3 m (66.6 ft) showed a maximum
deposition depth of 0.041 cm (0.016 in) compared to a maximum drilling fluid depth of 0.017 cm

(0.007 ft) for a comparable discharge at a depth of 0.3 m (1.0 ft). In that case, the deeper discharge led to
most deposition within 500 m (1,640 ft) of the discharge, while the primary deposition area for the
shallow discharge extended to 800 to 900 m (2,624 to 2,952 ft). Overall, the depositional thicknesses and
areas are generally within the range of the near surface discharges; i.e., no drilling fluid thicknesses
greater than 1 cm (0.39 in).
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3.6.4. Areal Extent of Solids Discharges

The modeling results do not include cuttings because they are generally coarser than drilling fluids and,
therefore, settle out of the water column more rapidly. Although they would settle quickly, even the
cuttings would be affected by currents as they settle to the bottom. However, an assumption of a 1,000-m-
(3,280-ft-) radius for the distribution is consistent with the modeling results of other solids. Assuming the
cuttings would settle within a radius of 3,280 ft from the outfall, the cuttings generated from each well
would affect approximately 62 acres). The completion of a maximum of 42 wells over the duration of the
5-year permit would result in the coverage of approximately 2,604 acres of the seafloor by the solid
components compared to the size of the 33.76 million-acre total Area of Coverage. Under those
assumptions, solids discharges would affect less than 0.01 percent of the seafloor in the Area of
Coverage.

3.6.5. Effluent Dilution

The OOC model was also used to evaluate the dilution of all the drilling-related effluents (each of the
discharges) in the water column. The results were used to calculate parameter concentrations at specific
distances from the discharge point. Dilution modeling was performed for the same 55 cases that were
evaluated for solids deposition (see Appendix A). The model shows that effluent dilution at a given
distance from the discharge point is inversely correlated to scenarios with the discharge rate and current
speed because the rapid travel of the plume limits lateral mixing and plume expansion. The dilution ratio
(seawater to effluent) calculated for a discharge rate of 1,000 bbl/hour and a current speed of 40 cm

(1.3 ft) per second was approximately 600:1 at the edge of the mixing zone (100 m [328 ft] from the
discharge point).
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4. DESCRIPTION OF THE EXISTING PHYSICAL ENVIRONMENT

4.1. Climate and Meteorology

The Area of Coverage is in the Arctic climate zone. Important meteorological conditions that could affect
the discharges covered under the Chukchi general permit include air temperature, precipitation (rain and
snowfall), and wind speed and direction. Air temperature controls the ice formation and break-up and
whether ice would need to be managed as part of exploratory activities. Precipitation determines the
quantity and concentration of pollutants discharged from deck drainage and wind speed and direction
influence coastal oceanographic conditions (ice distribution, current speed and direction, vertical and
horizontal mixing, and wave action). The following discussion is included to describe the physical setting
of the discharges authorized under the proposed Chukchi general permit.

41.1. Air Temperature

The average summer temperature along the Chukchi Sea coast north of Point Hope ranges from 28 to 54
degrees Fahrenheit (°F); the average winter temperature ranges from —27 to 21 °F. Exploration activities
would occur in the summer when the average mean temperature in July ranges from 40.0 °F at Point
Barrow to 45.2 °F at Cape Lisburne (Western Regional Climate Center 2011). An extreme maximum
temperature of 80 °F has been recorded at Wainwright (MMS 2008).

The Arctic Climate Impact Assessment (ACIA 2005) summarized spatial and temporal temperature trends
in the Arctic according to observations from the Global Historical Climatology Network database
(Peterson and Vose 1997 cited in MMS 2008) and the Climate Research Unit database (Jones and
Moberg 2003 cited in MMS 2008). Both time series for stations north of latitude 60°N show a statistically
significant warming trend of 0.16 °F per decade for the period of 1900 to 2003 (ACIA 2005 cited in
MMS 2008). In general, temperatures increased from 1900 to the mid-1940s, decreased until about the
mid-1960s, and then increased again to the present. When temperature trends are broken down by season,
the largest changes occurred in winter and spring. The greater amount of warming in the Arctic compared
to that for the globe as a whole is consistent with climate model projections (Intergovernmental Panel on
Climate Change 2007 cited in MMS 2008). As discussed in Section 7 (Criterion 2), temperature would
not have a substantial effect on the behavior of the discharges, and therefore changes in temperature are
not expected to affect the discharges.

4.1.2. Precipitation

Along the Chukchi Sea coast, the average annual precipitation ranges from 4.21 in at Point Barrow to
11.34 in at Cape Lisburne (Western Regional Climate Center 2010). A wide seasonal variation in
precipitation occurs in the area, with February and March generally being the driest and August the
wettest. The average precipitation in winter ranges from 0.03 to 0.26 in, while average precipitation in
August ranges from 1.01 in at Point Barrow to 2.74 in at Cape Lisburne (MMS 2008). Most snow falls
during September and October, when there is still open water on the Chukchi Sea to provide a source of
moisture.
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41.3. Winds

Observed wind directions over the area vary seasonally and range from an average summer flow of 8.0 to
11.4 mph from the south and southwest to a winter flow, which averages 8.0 to 17.3 mph from the east
and southeast.

During winter, northerly winds prevail in the Chukchi Sea, with directions ranging from northwest in the
western part of the sea to northeast in the eastern part (Proshutinsky et al. 1998). During summer, when
discharges under the Chukchi general permit would occur, the Chukchi Sea exhibits a more complicated
wind regime, with alternating northerly and southerly winds (MMS 2008).

4.2. Oceanography

Oceanographic considerations include tides, wind, freshwater overflow, ice movement, stratification, and
current regime. The following is a brief review of the oceanographic and meteorological conditions
affecting dilution and dispersion of discharged materials into the Chukchi Sea.

4.21. Bathymetric Features and Water Depths

Depths in the Chukchi Sea are relatively shallow, ranging from 131 to 164 ft from MLLW (MMS 2008).
Major bathymetric features include barrier islands; shoals; the continental shelf, slope, and rise. Those
important bathymetric features influence the flow and distribution of water masses (Feder et al. 1994).

The Chukchi Sea shelf is approximately 311 mi wide and extends approximately 490 mi northward from
the Bering Strait to the continental shelf break (Weingartner 2008). Two major sea valleys, the Herald and
Barrow Canyons, define the western and eastern edges of the Chukchi Sea. The Barrow Sea Valley begins
north of Wainwright and trends northeasterly, parallel to the Alaskan coast. Herald Valley is to the north,
adjacent to Wrangel Island, outside the Area of Coverage. Hope Valley, a broad depression, stretches
from the Bering Strait to Herald Canyon. Those topographic features exert a steering effect on the
oceanographic circulation patterns in the area (MMS 2008).

Barrier islands provide two main benefits: protecting the coastlines from severe storm damage and
supporting several types of wildlife habitats. The Hanna and Herald shoals are in the Area of Coverage
and rise above the surrounding seafloor to approximately 66 ft below sea level.

4.2.2. Circulation and Currents

Current velocity and turbulence can vary with location/site characteristics and can affect the movement
and concentration of suspended matter, and the entrainment, resuspension, and advection of sedimented
matter. The direction of the current determines the predominant location of the discharge plume while
current velocity influences the extent of area affected. Velocity and boundary conditions also affect
mixing because turbulence increases with current speed and proximity to the seafloor.

The Chukchi Sea is fed by Pacific Ocean and Arctic Ocean waters. Pacific waters enter the Chukchi Sea
through the Bering Strait in the south. Arctic waters enter the Chukchi Sea through Long Strait and in
episodic up-shelf transfers from the Arctic Ocean proper (e.g., via Barrow Canyon). The circulation and
modification of waters in the Chukchi Sea influence the input to the Arctic Ocean from the Pacific.
Although the volume of water from the Pacific through the Bering Strait is relatively small (~ 0.8
Sverdrups [Sv] northward in the annual mean [Sv is a unit of volume transport equal to 1,000,000 cubic
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meters per second [264,172,100 gallons per second]), it contributes seawater of high heat and freshwater
content, low density, and high nutrients to the Chukchi Sea and the Arctic Ocean (MMS 2008).

Flow in the Chukchi Sea generally is northward from the Bering Strait and is bathymetrically steered.
Four generalized pathways of northward flow are recognized (see the colored arrows in Figure 4-1). First,
along the Alaskan Chukchi Coast is the Alaskan Coastal Water, a portion of which is within the Alaska
Coastal Current (ACC), which exits through Barrow Canyon. Second, a portion of the water entering the
Bering Strait moves northward along the Hope Valley and drains through Herald Valley to the Arctic
Ocean. The third pathway is through the Central Channel between Herald and Hanna shoals and can
return to flow through Barrow Canyon or flow off the shelf into the Arctic basin. The last pathway is
through Long Strait. Woodgate et al. (2005) estimates that about 0.18 Sv leaves through Long Strait from
the Chukchi Sea (MMS 2008).
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Figure 4-1. Major water-mass flows in the Chukchi and Beaufort Seas.

The ACC is a narrow, fast-moving current flowing northeasterly at approximately 0.16 ft/sec along the
Alaska coastline. North of Cape Lisburne, the ACC parallels the 66-ft isobath until it reaches the Barrow
Sea Valley at Wainwright. It then follows parallel with the valley from Wainwright to Point Barrow
where it turns and flows southeasterly parallel to the coastline. The ACC flow is variable, and directional
reversals can persist for several weeks because of changes in wind direction. During northeasterly flow,
clockwise eddies can separate the nearshore circulation from the ACC between Cape Lisburne and Icy
Cape (MMS 1990).
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The currents in the ACC are strongly influenced by the bathymetry and wind. Current speeds of 0.66 to
1.0 ft/sec are characteristic of the eastern Chukchi Sea. Bottom temperature gradients and currents are
greatest in the vicinity of Icy Cape and Point Franklin (Weingartner in MMS 1991). Current velocities of
1.67 to 2.85 ft/sec have been reported south of Icy Cape (MMS 1990).

MMS (1990) reports that during open-water periods, ACC waters are driven by the wind. Northeasterly
winds promote upwelling that brings cooler bottom water into the nearshore area. Southwesterly winds
establish a warm coastal jet in the nearshore region, which displaces the cooler bottom water. Easterly
winds shift the ACC offshore, centering it approximately 12.4 mi from the coast. Westerly winds shift the
ACC closer to the coast. Traditional knowledge confirms the movement of tides along with wind
direction but also indicates that tides can move opposite the wind direction. One observer offshore
Omalik Lagoon reported that the currents 5 to 10 mi out move to the north with a south wind and to the
south with a northeast wind (SRB&A 2011). Traditional knowledge participants stated that in the
summer, currents move from north to south or south to north but can change direction rapidly, and their
direction can depend on the distance from shore (SRB&A 2011).

4.2.3. Tides

Tidal ranges are small in the Chukchi Sea, generally less than 1 ft. Tidal currents are largest on the
western side of the Chukchi Sea and near Wrangel Island, ranging up to 0.16 ft/s (Woodgate et al. 2005).

4.2.4. Stratification, Salinity, and Temperature

Nearshore waters are typically influenced by fresh water from rivers. In this area, a two-layered stratified
system is formed with fresher water from riverine input overlying more saline oceanic water. The surface
layer generally shows a marked decrease in salinity in the vicinity of major rivers. In the winter, the lack
of freshwater input into coastal waters results in weak stratification. Freshwater input also causes a
marked temperature division between nearshore and offshore waters.

During the spring (May to July) warm water (above 32 °F) appears in the Chukchi Sea because of the
gradual increase of solar radiation and warm water advected through the eastern Bering Strait (NMFS
2011). During the summer (July to August), the deep water are generally still cold, ranging from 32 to
37 °F, depending on location, however, temperatures can reach above 48 °F. During the fall (September
to October), the surface water temperatures stay cool ranging from 36 to 43 °F. The Chukchi Sea surface
temperatures fall below 32 °F during the winter (November to April).

4.3. lce

Throughout the year, various types of ice occur in the Chukchi Sea. Discharges authorized by the Chukchi
general permit would occur during open water season and could be affected by sea ice. Pack ice has the
potential to cause ice gouging on the seafloor and, therefore, could affect the drilling cuttings discharged
under the Chukchi general permit.

43.1. Sealce

Sea ice is frozen seawater that floats on the ocean surface; it forms and melts with the polar seasons. In
the Arctic, some sea ice persists year after year. Sea ice in the Arctic plays a role in climate conditions by
regulating heat, moisture, and salinity in the polar oceans. Sea ice insulates the relatively warm ocean
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water from the cold polar atmosphere, except where cracks or leads (areas of open water between large
pieces of ice) in the ice allow exchange of heat and water vapor from ocean to atmosphere in winter.

In the Chukchi Sea, sea ice generally begins forming in late September or early October, with full ice
coverage by mid-November or early December (MMS 2008). However, traditional knowledge
information indicates that freeze ups are happening later, starting in October, and while hunters have used
the ice starting in October in the past, they now have to wait until December (SRB&A 2011). Ice begins
melting in early May in the southern part of Chukchi Sea, and early to mid-June in the northern region.
Maximum open water occurs in September (MMS 2008).

The analysis of long-term data sets indicates substantial reductions in both the extent (area of ocean
covered by ice) and thickness of the Arctic sea-ice cover during the past 20 to 40 years during summer
and more recently during winter. Simulations conducted for the trajectory of Arctic sea ice indicate
decreasing September ice trends that are typically four times larger than observed trends, and predict near
ice-free September conditions by 2040 (Holland et al. 2006). Factors causing reductions in winter sea ice
can be different from those in summer.

4.3.2. Pack Ice

Pack ice includes first-year ice, multiyear un-deformed and deformed ice, and ice islands. First-year ice
forms in fractures, leads, and polynyas (large areas of open water) and varies in thickness from inches to
more than 3 ft. Traditional knowledge indicates that in recent years, ice has been less stable, there is less
multiyear ice, pack ice is smaller, and large icebergs are rarely seen (SRB&A 2011). The Chukchi open-
water system appears to be the result of the general westward motion seen in the Beaufort Gyre and is
strongly influenced by the wind direction. Historically, first-year floes off the Chukchi Sea coast had a
thickness of about 4 to 5 ft, and multiyear floes were 10 to 16.4 ft thick. Sea ice that is thicker than 16.4 ft
is common in Arctic Ocean pack ice and is generally believed to consist of pressure ridges and rubble
fields (Eicken et al. 2005 cited in MMS 2008). Increased ridging generally occurs from east to west and in
the vicinity of shoals and large necks of land (MMS 2008).

Ice islands are icebergs that have broken off from an ice shelf with a thickness of 100 to 164.0 ft and
range from tens of thousands of sq ft to nearly 200 sq mi. Movement of floating ice is controlled by
atmospheric systems and oceanographic circulation. During winter, movement is small and occurs with
strong winds that last for several days. The long-term direction of ice movement is from east to west in
response to the Beaufort Gyre; however, weather systems can cause short-term variations. A system of
seven recurring leads and polynyas develop in the Chukchi Sea. The Chukchi Sea has some of the largest
areal fractions of leads along the northern coast of Alaska and Canada, because of the wind-driven
polynyas that form along the coast from Point Hope to Barrow (MMS 2008). A general observation made
by participants in traditional knowledge workshops was that the pack ice breaks up more quickly and that
once the ice goes out, it does not return (SRB&A 2011).

4.4. Sediment Transport

Sediment transport and distribution in the Chukchi Sea is controlled by several factors, including storms,
ice gouging, entrainment in sea ice, wave action, currents, and bioturbation. The bulk of sediment on the
Alaskan continental shelf is transported northwards with the prevailing current. Sediment transport in
response to severe storms is an important means of sediment transport in the Area of Coverage. Storm
transport of sediment is particularly effective in the fall months when storms are associated with fresh ice,
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which enhances erosion and often entraps sediments in new ice. In the spring, the breakup and melting of
this sediment-laden ice can result in sediment being transported far distances from the point of
entrapment. Sediment transport is further discussed in Section 6.2.
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5. DESCRIPTION OF THE EXISTING BIOLOGICAL ENVIRONMENT

This section provides an overview of the biological communities found in the Chukchi Sea. The general
groups of aquatic organisms that inhabit the lease sale areas include pelagic (living in the water column),
epontic (living on the underside of or in the sea ice), or benthic (living on or in the bottom sediments)
plants and animals. The categories of offshore biological environment discussed are

e Plankton;

e Attached macro- and microalgae;

e Benthic invertebrates;

e Fishes (demersal and pelagic);

e Marine mammals;

e (Coastal and marine birds;

e Threatened and endangered species; and

e Essential fish habitat.

Each of those biological resources is described in terms of seasonal distribution and abundance, growth
and production, environmental factors that influence the resource’s importance in the ecosystem, and
habitats. Additional discussions of these resources are found in the Chukchi Sea Biological Evaluation
(BE) (Tetra Tech 2012a) and the Essential Fish Habitat (EFH) Assessment (Tetra Tech 2012b). These
documents are included as Attachments 1 and 2.

5.1. Plankton

Plankton can be divided into two major classes: phytoplankton and zooplankton. Plankton are the primary
food base for other groups of marine organisms found in the Chukchi Sea Area of Coverage. The
distribution, abundance, and seasonal variation of these organisms are strongly influenced by the physical
environment. For a full discussion of distribution and abundance of plankton, see the Chukchi Sea BE.

The growth rates of planktonic organisms are relatively rapid, and the generation lengths are relatively
short. Plankton production is limited primarily by temperature, available nutrients (particularly nitrogen),
and light. The most productive area of Arctic Alaskan waters is the coastal zone. Plankton production is
usually limited to the photic zone, or the depth to which sunlight penetrates the water. Seasonal variation
in nutrient concentration can also affect primary production. Plankton production gradually increases after
ice break-up, when light becomes available and declines after September when light availability limits
photosynthesis. Peak primary production varies by as much as two to three times from year to year and
depends on the relative amount of summer ice cover (Homer 1984).

The currents moving north through the Bering Strait exert a strong influence on Chukchi Sea primary and
secondary productivity because of the transport of nutrients, detritus, phytoplankton, zooplankton, and
larval forms of invertebrates and fishes from the Bering Sea to the Chukchi Sea. Seasonal ice regimes also
influence the spatial and temporal variation of primary and secondary productivity. Productivity in the
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Chukchi Sea decreases from nearshore to offshore waters and is considerably less than the productivity
observed at comparable depths in the Bering Strait.

5.2. Macroalgae and Microalgae

Macroalgae are large, photosynthesizing aquatic plants. Macroalgae presence is considered rare in the
Chukchi Area of Coverage, but all potential kelp habitats have not yet been surveyed. For a full
discussion of distribution and abundance of algae, see the Chukchi Sea BE. Macroalgae populations occur
naturally, but an increase in their biomass (especially if it is associated with a decrease in seagrass) might
also be an indication of deteriorating water quality. Macroalgal biomass is most commonly limited by
dissolved inorganic nitrogen, but it can also be limited if high light attenuation prevents adequate light
from reaching the bottom.

Attached macroalgae occur in state waters along nearshore and offshore barrier island areas containing
suitable rocky substrate for attachment. In Arctic Alaskan waters, the distribution of kelp is limited by
three main factors: ice gouging, sunlight, and hard substrate. Ice gouging restricts the growth of kelp to
protected areas, such as behind barrier islands and shoals. Sunlight restricts the growth of kelp to the
depth range where a sufficient amount penetrates to the seafloor, or water shallower than about 11 m (36
ft). Hard substrates, which are necessary for kelp holdfasts, restrict kelp to areas with low sedimentation
rates (Dunton et al. 1982; MMS 1990).

Microalgae are distinguished from phytoplankton in that they are attached rather than free-floating. The
distribution of microalgal communities has been noted as patchy on both large and small scales (MMS
1991), and no important critical habitats or areas have been identified. During the spring and summer
months, large biomasses of photosynthetic ice algae develop on the lower sections of sea ice. Ice algae
contribute organic matter to the water column and are an important part of the Arctic marine food web,
contributing an average of 57 percent of total Arctic marine primary production (Gosselin 1997).

5.3. Benthic Invertebrates

Benthic invertebrates are organisms that live on the bottom of a water body (or in the sediment). For a full
discussion of distribution and abundance of benthic invertebrates, see the Chukchi Sea BE. The
distribution, abundance, and seasonal variation of benthic species in Arctic Alaskan waters are strongly
correlated with physical factors (e.g., substrate composition, water temperature, depth, dissolved oxygen
concentrations, pH, salinity, sediment carbon/nitrogen ratios, and hydrography). Larger invertebrate
communities are found in nearshore lagoons (ADNR 2009). The abundance, diversity, biomass, and
species composition of benthic invertebrates can be used as indicators of changing environmental
conditions. The biomass of benthic invertebrates declines if communities are affected by prolonged
periods of poor water quality especially when anoxia and hypoxia are common.

Benthic communities can change in response to the following:

e Nutrient enrichment leading to eutrophication.

e Bioaccumulation of toxins to lethal levels in mollusks (shellfish), crustaceans, polychaetes and
echinoderms, can cause the loss of herbivorous and predatory species.
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e Lethal and sub-lethal effects of heavy metals and other toxicants derived from oil and gas
activities.

e Dislodged epifauna and infauna from trawling and dredging, which could result in the collection
and mortality of a substantial invertebrate bycatch.

e Changes to physical habitat due to deposition of drilling discharge on the ocean floor.

Benthic invertebrates are important modifiers of the seafloor. Burrowing and tube-building by deposit-
feeding benthic invertebrates (bioturbators) help to mix the sediment and enhance decomposition of
organic matter. Nitrification and denitrification are also enhanced because a range of oxygenated and
anoxic micro-habitats are created. Loss of nitrification and denitrification (and increased ammonium
efflux from sediment) in coastal systems are important causes of hysteresis, which can cause a shift from
clear water to a turbid state. The loss of benthic suspension-feeding macroinvertebrates can further
enhance turbidity levels because such organisms filter suspended particles including planktonic algae, and
they enhance sedimentation rates through biodeposition (i.e., voiding of their wastes and unwanted food).

Changes in the macrofauna (and macroflora) causes changes in nutrient storage pools and the flux of
nutrients between these species and microfauna (and microflora). Benthic macrofauna are important
constituents of fish diets and, thus, are an important link for transferring energy and nutrients between
trophic levels and driving pelagic fish and crustacean production. It is for those reasons and others, that
benthic invertebrates are extremely important indicators of environmental change. Because of the
disturbance from grounded ice, most of the benthic species in the Area of Coverage are small and widely
distributed, with no obvious spatial trends in the biomass or density of benthic organisms.

5.4. Fish

The physical environment, mainly temperature and salinity, of the Arctic waters exerts a strong influence
on the temporal and spatial distribution and abundance of fish (MMS 1990, 1991). The Chukchi Sea is
characterized by sub-arctic climate, especially during the open-water season in the later spring and
summer. The Chukchi Sea is an important transition zone between the fish communities of the Beaufort
and Bering Seas (MMS 1991); the fauna is primarily Arctic with continual input of southern species
through the Bering Strait (Craig 1984). Marine fish in the Chukchi Sea are generally smaller than those in
areas farther south, and densities are much lower (Frost and Lowry 1983). The lower diversity, density,
and size of fish in the region have been attributed to low temperatures, low productivity, and lack of
nearshore winter habitat because of ice formation (MMS 1987b). Table 5-1 lists common fish in the Area
of Coverage.

Fish biologists on the Russian-American Long-term Census of the Arctic expedition noted the following
qualitative conclusions: (1) the Chukchi benthic community is highly diverse and patchy; and (2) both
fish abundance and diversity seem lower in the Chukchi Sea than in the Bering Sea (MMS 2008). The
largest catches occurred to the south and were usually at least one order of magnitude higher than those in
the north. Pacific salmon (chinook, coho, pink, sockeye, and chum), Arctic cod, saffron cod, and snow
crab are addressed in detail in the Chukchi EFH (Tetra Tech 2012b).
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Table 5-1. Common fishes in the Area of Coverage

Freshwater

Anadromous

Marine

Common name

Scientific name

Common name

Scientific name

Common name

Scientific name

Arctic blackfish Dallia pectoralis Arctic cisco* Coregonu_s Arctic flounder Liopsetta glacialis
autumnalis
Arctic char Salvelinus alpinus |Arctic lamprey* Lampetra japonica |Starry founder Z:/tlgggly S
Burbot Lota lota Bering cisco* Coregonus Arctic cod Boreogadus saida
laurettae
Arctic grayling Thymallus arcticus |Broad whitefish* | Coregonus nasus |Saffron cod Eleginus gracilis
Lake chub Couesius Dolly Varden char* | Salvelinus malma | Snailfish Liparus sp.
plumbeus
Lake trout Salvelinus Humpback Coregonus . Ammodytes
Y . ; Pacific sand lance
namaycush whitefish pidschian hexapterus
Longnose sucker | Catostomus Least cisco* Coregonus Pacific Herring Clupa harengus
catostomus sardinella
Nllnesplne Pungitius pungitius Pink salmon Oncorynchus Slender eelblenny |Lurnpenus fabricil
stickleback gorbuscha
Northern pike Esox lucius Coho salmon 225;7:)/ nchus Stout eelblenny Lumpenus medius
Round whitefish Prqsop/um Chinook salmon Oncorhynchus Eelpout Lycodes spp.
cylindraceum tshawytscha
Sheefish Stenodus Oncorhynchus . . Mpyoxocephalus
. Chum salmon Arctic sculpin ;
leucichthys keta scorpiodes
Slimy sculpin Cottus cognatus . Osmerus mordax | Whitespotted Hexagrammus
Rainbow smelt . f
dentex greenling stelleri
Trout-perch Percopsis Capelin Mallotus villosus
omiscomaycus
Fourhorn sculpin My oxocep i?alus
quadricornis
Arctic staghorn Gymnocanthus
sculpin tricuspis

Arctic hookear

Artediellus scaber

Bering wolffish

Anarchichas
orientalis

* The species has populations that can be freshwater only or anadromous (USFWS 2008)

Freshwater species would be found almost exclusively in nearshore freshwater environments surrounding
river deltas and bays (Moulton, Fawcett, and Carpenter 1985 cited in MMS 2008). Juvenile fish prefer the
warmer, shallow-water habitats that become available during the open-water period (MMS 2008).
Anadromous fish typically leave the rivers and enter the nearshore waters during spring break-up in June.
As the ice cover melts and recedes, the fish will migrate along the coast (ADNR 1999). Migration back to
rivers varies by species, but most anadromous fish return to fresh water, where they spawn by mid-
September (ADNR 1999). Salmon are anadromous but unlike cisco, whitefish, and Dolly Varden char,
they rarely return to the ocean after spawning, rather they spawn once and die. Salmon are uncommon
along coastal waters of the Chukchi Sea from the Kotzebue Sound northward (Craig 1984; Augerot 2005
cited in MMS 2008).
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5.5. Marine Mammals

Common (at least seasonally) marine mammals in the Area of Coverage are spotted, ringed, and bearded
seals (ice seals); bowhead, beluga, killer, and gray whales; polar bears; and walruses. At least six other
species of marine mammals (minke whales, fin whales, harbor porpoise, narwhal, and ribbon seals) are
found occasionally or rarely in the Area of Coverage. Those species of marine mammals that are
protected by the Endangered Species Act found in the Area of Coverage (bowhead, fin, and humpback
whale, walrus, ice seals, and polar bear) are discussed further in the Chukchi BE (Tetra Tech 2012a).

Ringed Seal. The ringed seal (Phoca hispid) is the smallest and most abundant seal in the Chukchi Sea.
Ringed seals live on or near the ice year-round; therefore, the seasonal ice cycle has an important effect
on their distribution and abundance (MMS 2008). In winter, highest densities of ringed seals occur in the
stable, shorefast ice. Ringed seals appear to prefer ice-covered waters and remain in contact with ice for
most of the year (Allen and Angliss 2010). Ringed seals live on and under extensive, largely unbroken,
shorefast ice (Frost et al. 2002), and they are generally found over water depths of about 10 to 20 m (33 to
66 ft) (Moulton et al. 2002).Traditional knowledge workshop participants identified two important areas
where ringed seals pup along the ice in June between Barrow and Wainwright (SRB&A 2011).

Spotted Seal. The Alaska stock of spotted seal (Phoca largha) is the only recognized stock in U.S.
waters. Spotted seals are found in large numbers along the Bering Sea and Chukchi Sea coasts; they are
common in bays, estuaries, and river mouths and are particularly concentrated from Kasegaluk Lagoon to
the mouth of the Kuk River and Peard Bay (MMS 1991).

Bearded Seal. The majority of the bearded seal (Erignathus barbatus) population in Alaska is found in
the Bering and Chukchi Seas with seasonal migrations into the Beaufort Sea. The species usually prefers
areas of less-stable or broken sea ice, where breakup occurs early in the year (Burns 1967). Traditional
knowledge workshop participants reported that bearded seals are commonly seen everywhere along the
coast near Point Lay but are generally abundant near Kasegaluk Lagoon where smelt and herring are
present in high numbers (SRB&A 2011). Additionally, participants reported it is common to see hundreds
of bearded seal pups on the spit between Naokuk Pass and the southern end Kasegaluk Lagoon, where the
current is not as strong (SRB&A 2011). Participants also indicated that bearded seals are not confined to
ice areas. Bearded seals like the feel of moving water, especially during molting (SRB&A 2011).

Walrus. The Pacific walrus (Odobenus rosmarus divergens) is most commonly found in relatively
shallow water areas, close to ice or land. Traditional knowledge workshop participants indicated that
walruses migrate north through the Chukchi Sea at a distance of approximately 10 or more miles offshore,
depending on the location of the ice pack. During their fall migration south, walruses (primarily females)
haul out on the barrier islands along the entire length of the Kasegaluk Lagoon to Icy Cape, and Cape
Lisburne, recently in very large numbers (SRB&A 2011). Given the importance of the offshore habitats in
the Chukchi Sea Planning Area to the Pacific walrus population, the rapid changes being documented in
ice cover in the Chukchi Sea and the documented sensitivity of walruses to anthropogenic disturbances,
walruses might be particularly vulnerable to further changes in their environment (MMS 2008).

Beluga Whale. Two stocks of beluga whales (Delphinapterus leucas) inhabit the Alaskan Chukchi Sea:
the Eastern Chukchi Stock and the Beaufort Stock. Summer breeding concentrations can be found at
Kasegaluk Lagoon. During the late summer and early fall, both stocks can be found as far north as
latitude 80°N in waters deeper than 200 m (656 ft) (Suydam et al. 2005). Between 2,000 and 3,000 beluga
whales annually feed, calve, and molt in Kasegaluk Lagoon and Peard Bay (Seaman et al. 1985; Suydam
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et al. 2001; MMS 2003). Traditional knowledge workshop participants confirmed that Omalik Lagoon is
an important feeding, calving, molting, and resting habitat. Beluga feeding areas are closer to shore and
concentrated in bays and mouths of rivers. Local hunters report that beluga regularly use an area near
Cape Beaufort. They indicated that the area experienced a landslide in which a significant portion of a
shoreline cliff slid into the sea resulting in a shallow rocky area used by many fish (SRB&A 2011).

Gray Whale. The Eastern North Pacific Stock of the gray whale (Eschrichtius robustus) winter and breed
in Mexican lagoons and summer in the shallow-watered Bering and Chukchi Seas. In the Chukchi Sea,
whales congregate between Cape Lisburne and Point Barrow (Moore et al. 2000). Gray whales migrate
into the northern Bering and Chukchi Seas starting in late April through the summer open-water months
and feed there until October to November (MMS 2003). Most migrating whales occur within 15 km (9.3
mi) of land (Green et al. 1995) but have been observed up to 200 km (124.3 mi) offshore (Bonnell and
Dailey1993). Concentrations of feeding gray whales are found off Wainwright. Traditional knowledge
workshop participants noted that gray whales are often observed feeding outside Five-Mile Pass
(SRB&A2011).

5.6. Coastal and Marine Birds

Migratory birds are a significant component of the marine ecosystem of the Area of Coverage. The area
comprises foraging, nesting, and rearing areas for several million birds. Descriptions of coastal and
marine bird distribution are discussed in detail in the Chukchi BE (Tetra Tech 2012a). Most species in the
Area of Coverage are migratory and present in the Arctic only seasonally, from May through early
November. Some species appear only during migration; others nest, molt, feed, and accumulate critical fat
reserves needed for migration while in the area (MMS 1987a). The main categories of species in the Area
of Coverage include waterfowl (e.g., duck, goose, swan), seabirds (e.g., loon, gull, tern), shorebirds

(e.g., sandpiper, plover, crane), and raptors (e.g., hawks, eagles, falcons). Complete lists of all bird
species in those groups for the Area of Coverage are presented in Table 5-2, Table 5-3, Table 5-4, and
Table 5-5.

Aerial surveys in the Chukchi Sea have documented that birds are widespread in substantial numbers in
both nearshore and offshore waters of the Area of Coverage (MMS 2008) and it is likely that this
approximate distribution prevails along most of or the entire Beaufort coastline and into the northern
Chukchi Sea during the open-water season. Traditional knowledge workshop participants noted that birds
follow open ice leads during spring migration (SRB&A 2011).

The highest pelagic bird density is near Barrow, which contains high amounts of plankton that are a food
source for birds and other organisms. Traditional knowledge workshop participants confirmed that
Barrow is in the migratory path of several bird species, particularly eiders and brants (SRB&A 2011).
Most shorebirds and other waterfowl concentrate in snow-free coastal or inland areas until nest sites are
available (MMS 1982). Most birds are along barrier islands or in lagoons rather than seaward from
lagoons or along mainland shores (Flint et al. cited in MMS 2003). Shorebirds are numerically dominant
in most coastal plain bird communities occurring across northern Alaska (including the Arctic National
Wildlife Refuge) and Canada (including Kendall Island Bird Sanctuary).
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Table 5-2. Shorebirds in the Chukchi Sea Area of Coverage

Common name

Scientific name

Breeds in area

Sandhill crane Grus canadensis X
Black-bellied plover Pluvialis squatarola
American golden-plover Pluvialis dominica X
Semipalmated plover Charadrius semipalmatus X
Whimbrel Numenius phaeopus X
Hudsonian godwit Limosa haemastica
Bar-tailed godwit Limosa lapponica X
Ruddy turnstone Arenaria interpres X
Black turnstone Arenaria melanocephala
Great knot Calidris tenuirostris X
Sanderling Calidris alba
Semipalmated sandpiper Calidris pusilla X
Western sandpiper Calidris mauri X
White-rumped Sandpiper Calidris fuscicollis X
Baird’s Sandpiper Calidris bairdii X
Pectoral sandpiper Calidris melanotos X
Buff-breasted Sandpiper Tryngites subruficollis
Dunlin Calidris alpina X
Long-billed dowitcher Limnodromus scolopaceus X
Common shipe Gallinago gallinago X
Red-necked phalarope Phalaropus lobatus X
Red phalarope Phalaropus fulicaria X
Pelagic cormorant Phalacrocorax pelagicus X
Lesser yellowlegs Tringa flavipes
Wandering tattler Ht_atero\_scelu_S incanus (sometimes placed

with Tringa incanus) X

Red-necked stint (rufous-necked
stint)

Calidris ruficollis

Table 5-3. Raptors in the Area of Coverage

Common name

Scientific name

Breeds in area

Northern harrier Cirus cyaneus X
Rough-legged hawk Buteo lagopus X
Bald eagle Haliaeetus leucocephalus

Golden eagle Aquila chrysaetos X
Peregrine falcon Falco peregrinus X
Gyrfalcon Falco rusticolus X
Snowy owl Bubo scandiacus X
Short-eared owl Asio flammeus X
Merlin Falco columbarius

Five types of habitat capable of supporting a variety of marine and coastal avifauna are the barrier islands,

coastal lagoons, coastal salt marshes, river deltas, and offshore areas. The coastal waters are primary
habitat for nesting, molting, feeding, and resting activities of migratory marine birds. Major

concentrations of birds occur nearshore [in waters shallower than 20 m (66 ft)] and in coastal areas along
the Chukchi Sea and important nesting habitat for loons, waterfowl, and shorebirds and include foraging
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habitat for seabirds nesting occurs in these regions. This was confirmed by traditional knowledge
workshop participants (SRB&A 2011).

Table 5-4. Seabirds in the Area of Coverage

Common name Scientific name Breeds in area
Red-throated loon Gavia stellate X
Pacific loon Gavia pacifica X
Yellow-billed loon Gavia adamsii X
Arctic loon Gavia arctica

Common loon Gavia immer

Red-necked grebe Podiceps grisegena X
Northern fulmar Fulmarus glacialis

Pomerine jaeger Stercorarius pomarinus X
Parasitic jaeger Stercorarius parasiticus X
Long-tailed jaeger Stercorarius longicaudus X
Mew gull Larus canus X
Herring gull Larus argentatus

Glaucous gull Larus hyperboreus X
Sabine’s gull Xema sabini X
Glaucous-winged gull Larus glaucescens

Ivory gull Pagophila eburnean

Ross’ gull Rhodostethia rosea

Black-legged kittiwake Rissa tridactyla X
Arctic tern Sterna paradisaea X
Common murre Uria aalge X
Thick-billed murre Uria lomvia X
Black guillemot Cepphus grille X
Pigeon guillemot Cepphus Columba X
Horned puffin Fratercula corniculata X
Tufted puffin Fratercula cirrhata X
Fork-tailed storm-petrel Oceanodroma furcata

Kittlitz’s murrelet Brachyramphus brevirostris X
Dovekie Alle alle X
Crested auklet Aethia cristatella

Least auklet Aethia pusilla

Parakeet auklet Aethia psittacula

Short-tailed shearwater Puffinus tenuirostris

The highest nesting densities generally occur in areas of mixed wet and dry habitats, whereas birds often
move to wetter areas for broodrearing. Islands in river deltas and barrier islands provide the principal
nesting habitat for several waterfowl and marine bird species in the Area of Coverage. Shorebirds prefer
wet-tundra habitats or well-drained, gravelly areas for nesting, whereas loons use lakes, and geese prefer
deeper ponds or wet tundra near lakes. Lagoons formed by barrier islands, bays, and river deltas provide
important broodrearing and staging habitat for waterfowl, particularly molting oldsquaws (ADF&G
2008Db cited in ADNR 2009).
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Table 5-5. Waterfowl in the Area of Coverage

Common name Scientific name Breeds in area
Mallard Anas platyrhynchos X
Tundra swan Cygnus columbianus X
Greater white-fronted goose Anser albifrons X
Snow goose Anser caerulescens

Canada goose Branta canadensis X
Emperor goose Anser canagicus X
Green-winged teal Anas crecca X
Black brant (or brent) Branta bernicla nigricans X
Northern pintail Anas acuta X
Northern shoveler Anas clypeata X
American wigeon Anas americana

Greater scaup Aythya marila X
Common eider Somateria mollissima X
King eider Somateria spectabilis X
Oldsquaw or long-tailed duck Clangula hyemalis X
Black (or Common) scoter Melanitta nigra

Surf scoter Melanitta perspicillata

White-winged scoter Melanitta fusca

Red-breasted merganser Mergus serrator X
Harlequin duck Histrionicus histrionicus X
Barrow’s goldeneye Bucephala islandica

Important feeding and staging grounds for shorebirds and waterfowl include Kasegaluk Lagoon, the
mouth of the Kuk River, Peard Bay, and salt marshes along the mainland coast. Those habitats are critical
to waterfowl that regularly pass through or near the Beaufort and Chukchi Seas during migration.
Traditional knowledge workshop participants reported that Kasegaluk Lagoon, the barrier islands, spits
surrounding the lagoon, and inland areas near Point Lay are all important habitat areas for waterfowl
species. The smelt in Kasegaluk Lagoon provide food for nesting waterfowl (SRB&A 2011).

5.7. Threatened and Endangered Species

The Endangered Species Act requires federal agencies to consult with the U.S. Fish and Wildlife Service
and the NMFS if the federal agency’s actions could beneficially or adversely affect any threatened and
endangered species or their critical habitat. In this case, the federal agency is EPA, and the federal action
is the issuance of the Chukchi general permit.

The action could affect listed species under the jurisdiction of both the U.S. Fish and Wildlife Service and
NMES. This section gives an overview of the listed species (endangered, threatened, candidate, and
proposed) in the Area of Coverage including reasons for listing. Overviews of potential effects on the
species and their critical habitat from the proposed exploration discharges are discussed in Section 6.3.
The Chukchi Sea BE has been prepared in accordance with section 7 of the Endangered Species Act
(Tetra Tech 2012a). The BE is a detailed analysis of the potential effects of the proposed action on the
listed species. Table 5-6 summarizes the 11 species listed.
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Table 5-6. ESA species potentially present in the Area of Coverage (Table 2 of the Chukchi BE)

Critical habitat

designated
Common within the
name Scientific name |ESA status Action Area |Reason for ESA listing
Bowhead Balaena Endangered No Effects on population due to historic commercial
whale mysticetus whaling, habitat degradation, and ongoing whaling in
other countries and other anthropogenic related
disturbances
Fin whale Balaenoptera Endangered No Effects on population due to historic commercial
physalus whaling, habitat degradation, and ongoing whaling in
other countries and other anthropogenic related
disturbances
Humpback |Megaptera Endangered No Effects on population due to historic commercial
whale novaeangliae whaling, habitat degradation, and ongoing whaling in
other countries and other anthropogenic related
disturbances
Polar bear | Ursus maritimus | Threatened Yes Global climate change and its effects on Arctic sea-
ice is the primary effect on polar bear populations
Spectacled | Somateria Threatened Yes The causes of the spectacled eider’s population
eider fischeri decline are currently unknown; however, it is likely
due to loss of habitat
Steller's Polsticta stelleri | Threatened No The causes of the Steller’s eider population decline
eider include increased predation, over hunting, ingestion of
lead shot, habitat loss, exposure to environmental
toxins, scientific exploitation, and the effects of global
climate change
Bearded Erignathus Proposed No Effects on bearded seal populations have included
seal barbatus direct harvesting, indirect mortalities as a result of
nauticus fisheries, mortalities resulting from marine mammal
research activities, and the effects of global climate
change in the Arctic environment
Ringed seal | Phoca hispida Proposed No Effects on ringed seal populations have included
hispida direct harvesting, indirect mortalities as a result of
fisheries, mortalities resulting from marine mammal
research activities, and the effects of global climate
change in the Arctic environment
Pacific Odobenus Candidate No Effects on walrus populations have included historic
walrus rosmarus commercial hunting, pollution and noise disturbances
brevirostris related to the oil and gas industry, and the effects of
global climate change on the Arctic environment
Kittlitz's Brachyramphus | Candidate No Reasons for the low population sizes of Kittlitz's
murrelet brevirostris murrelet include a decrease in prey availability,
indirect mortalities as a result of fisheries, exposure to
environmental toxins, and the effects of global climate
change on the Arctic
Yellow- Gavia adamsii Candidate No Yellow-billed loons are vulnerable to population
billed loon decline because of their small population size, low
reproductive rate, and specific breeding habitat
requirements
5.8. Essential Fish Habitat

EFH is the waters and substrate (sediments, and the like) necessary for fish to spawn, breed, feed, or grow
to maturity, as defined by NMFS for specific fish species. In the Area of Coverage, EFH has been
established for snow crabs, Arctic cod, saffron cod, and Pacific salmon (chinook, coho, pink, sockeye,
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and chum). Juvenile and adult life stages of each EFH species are present within the Area of Coverage.
The Magnuson-Stevens Fishery Conservation and Management Act (January 21, 1999) requires EPA to
consult with NNFS when a proposed discharge has the potential to adversely affect (reduce quality or
quantity, or both, of) EFH. This section describes the species with designated EFH including status of
fishery, life history, habitat and the extent of the EFH coverage. Potential effects of the proposed drilling
are thoroughly addressed in the BE.

Table 5-7 lists the EFH species potentially present in the Area of Coverage.

Table 5-7. EFH species potentially present in the Area of Coverage

Common name Scientific name

Pacific salmon- chinook, coho, pink, sockeye, chum | Oncorhynchus tshawytscha, O. kisutch, O. gorbuscha,
O. nerka, O. keta

Arctic cod Boreogadus saida
Saffron cod Eleginus gracilis
Opilio snow crab Chionoecetes opilio

5.9. Chukchi Sea Community Subsistence Profiles

Subsistence uses are central to the customs and tradition of many cultural groups in Alaska, including the
North Slope Ifiupiat. Subsistence customs and traditions encompass (1) processing, sharing, redistribution
networks, and (2) cooperative and individual hunting, fishing, and ceremonial activities. Both federal and
state regulations define subsistence uses to include the customary and traditional uses of wild renewable
resources for food, shelter, fuel, clothing and other uses (Alaska National Interest Lands Conservation
Act, Title VIII, Section 803, and Alaska Statute 16.05.940[33]). Regionally, the North Slope Borough
Municipal Code defines subsistence as, “an activity performed in support of the basic beliefs and
nutritional needs of the residents of the Borough and includes hunting, whaling, fishing, trapping,
camping, food gathering, and other traditional and cultural activities” (section 19.20.020[67]).

While subsistence-resource harvests differ among communities, with a few local exceptions, the
combination of caribou, bowhead whales, and fish has been identified as the primary grouping of
resources harvested. The bowhead whale is the preferred meat and the subsistence resource of primary
importance because it provides a unique and powerful cultural basis for sharing and community
cooperation (Stoker 1984, as cited by MMS 2008). Depending on the community, fish is the second- or
third-most important resource. Bearded seals and various types of birds also are considered primary
subsistence species. Waterfowl are important during the spring, when they provide variety to the
subsistence diet. Seal oil from hair seals and bearded seals is an important staple and a necessary
complement to other subsistence foods.

The community subsistence profiles include the North Slope coastal communities closest to the potential
areas of discharge within the Area of Coverage and focus on the primary marine subsistence resources.

5.9.1. Point Hope

Point Hope residents, with a population of 674 in 2010 (U.S. Census Bureau 2010), enjoy a diverse
resource base that includes both terrestrial and marine animals. The community, 330 mi southwest of
Barrow, is on a large gravel spit that forms the westernmost extension of the northwest Alaska coast. In
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the early 1970s, the community moved to its present location just east of the old settlement because of
erosion and periodic storm-surge flooding. This spit of land juts out into the Chukchi Sea, offering superb
opportunities for hunting a diversity of marine mammals, especially bowhead whales. The combination of
caribou, bowhead whale, and fish are the primary group of resources harvested; residents also rely on a
variety of other subsistence resources, including beluga whales, walruses, polar bears, birds, marine
fishes, crab, and berries (MMS 2008). Depending on the marine mammal resource, Point Hope residents
typically travel no more than 20 mi from the shore to conduct harvest activities (SRB&A 2010).

5.9.2. Point Hope Subsistence-Harvest
Bowhead Whale. Point Hope’s location close to the pack-ice lead makes it uniquely situated for hunting

the bowhead. Beginning in late March or early April, the bowhead whale is available in the Point Hope
area (MMS 2008; SRB&A 2010, Map 23).

Beluga Whale. Point Hope hunters actively harvest the beluga whale during the offshore spring bowhead
whaling season (late March to early June) and along the coast later in summer (July to late August/early
September) (SRB&A 2010, Map 22). The first, and also the larger, harvest of belugas occurs
coincidentally with the spring bowhead whale harvest, and hunters often use the beluga as an indicator for
the bowhead. Although not as common as the bowhead, the beluga also is harvested in open water
throughout the summer. During the summer season, hunters pursue belugas primarily near the southern
shore of Point Hope, in close proximity to the beach and in coastal areas on the northern shore as far north
as Cape Dyer (MMS 2008).

Walrus. Point Hope Ifiupiat traditionally have used walruses; however, the increasing importance of the
walrus as a subsistence resource has been directly related to its fluctuating population. Walruses are
harvested during the spring marine mammal hunt, which is based along the southern shore of the point
(MMS 2008). The major walrus hunting effort coincides with the spring bearded seal harvest, and both
species are harvested from the same camps that stretch from Point Hope to Akoviknak Lagoon. Although
the walrus is hunted primarily during late May and early June, it also is hunted by boat during the rest of
the summer along the northern shore, especially along the rocky capes and other points where they tend to
haul out (MMS 2008; SRB&A 2010, Map 26).

Polar Bear. Point Hope residents hunt polar bears primarily from January to April concurrently with the
winter seal hunting season, and occasionally from late October to January (MMS 2008). The polar bear is
harvested mainly south of the community, generally in the area of intensive seal hunting (MMS 2008;
SRB&A 2010, Map 24).

Seals. Seals are available to Point Hope residents from October through June; however, because of the
availability of bowhead, bearded seal, and caribou during various times of the year, seals are harvested
primarily during the winter, from November through March (MMS 2008). The ringed seal is the most
common hair seal species harvested, and February is the most concentrated harvest period for the species.
Hair seals are hunted from south of Cape Thompson to as far north as Ayugatak Lagoon (MMS 2008;
SRB&A 2010, Map 25). Hunting of the bearded seal is an important subsistence activity in Point Hope;
the meat is a preferred food, and the skin is used to cover whaling boats. Most bearded seals are harvested
during May and June, sometimes as late as mid-July, as the landfast ice breaks up into floes. More
bearded seals than the smaller hair seals are harvested because of the former’s larger size and use for skin-
boat covers. Bearded seals, like hair seals, are hunted from Cape Thompson to Ayugatak Lagoon (MMS
2008).
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Fishes. Point Hope residents harvest a variety of fish during the entire year. As the shorefast ice breaks
free in mid- to late June, residents use set nets and beach seines to catch Arctic char and pink, coho, and
chum salmon. Fishing occurs from coastal fish camps (often converted from spring camps for hunting
bearded seals and walruses) along the shore from Cape Thompson north to Kilkralik Point (MMS 2008;
SRB&A 2010, Map 27). Some fishing might occur outside this area, but only in conjunction with other
activities such as egg gathering or caribou hunting. The summer fishing season extends from mid- to late
June through the end of August, with July the peak month. Other fishes harvested by Point Hope residents
include whitefish, grayling, tomcod, and occasionally flounder. In the fall, residents harvest grayling and
whitefish on the Kukpuk River during the October upriver fishing period. From December through
February, residents fish for tomcod through the ice near the point (MMS 2008).

Waterfowl. Throughout the year, waterfowl and other migratory birds also provide a source of food for
Point Hope residents. Eiders and other ducks, murres, brant, geese, and snowy owls are harvested at
various times of the year. Eiders are harvested as they fly along the open leads during the whaling season
and provide a fresh meat source for the whaling camps. Murre eggs are harvested from the cliffs at Capes
Thompson and Lisburne. Later in the spring, Point Hope residents harvest eiders, geese, brant, and other
migratory waterfowl along both the northern and southern shores of the point and in the numerous lakes
and lagoons. Geese are harvested from mid-May until mid-June, while brant are harvested at that time and
during September as they migrate south from their summer breeding grounds (MMS 2008; SRB&A 2010,
Map 28).

5.9.3. Point Lay

With a population of 189 in 2010 (U.S. Census Bureau 2010), Point Lay has the smallest population of
any of the communities on the North Slope. About 90 mi southwest of Wainwright, the village sits on the
edge of Kasegaluk Lagoon near the confluence of the Kokolik River with Kasegaluk Lagoon. In general,
beluga whale is the village’s preferred marine mammal resource (Huntington and Mymrin 1996;
Huntington 1999). Barrier island shores, and the protected and productive lagoons they form, provide
prime habitat for sea mammals and birds (BLM 1978a; Fuller and George 1997).

Point Lay marine subsistence activities take place in the sea ice and coastal zones extending from the
Punnuk Creek area in the south, northward to Icy Cape. Depending on the marine mammal resource being
hunted, Point Lay residents typically travel no more than 25 mi from the shore (SRB&A 2011). In the
past, Point Lay residents were the Kukparungmiut (people of the Kukpowruk River) and the Utukamiut
(people of the Utokok River). Beluga hunting and seasonal occupation of fish camps are important family
and community activities reflecting the communal effort needed for a successful harvest and the overall
importance of those resources (BLM 1978c).

5.9.4. Point Lay Subsistence-Harvest

Bowhead Whale. The community of Point Lay resumed whaling activities in 2008 after the Alaska
Eskimo Whaling Commission granted it a bowhead whaling quota. While the community had not
harvested bowhead since 1972, Point Lay was successful in landing one bowhead whale in 2009
(SRB&A 2011 Map 18). Traditional knowledge workshop participants indicated that Point Lay whaling
crews have participated in both spring and fall whaling. Spring whaling occurs in March and April, and
fall whaling begins in September and continues until Kasegaluk Lagoon freezes over. Whaling can occur
anywhere from 1 mi to more than 10 mi offshore depending on the location of open leads and weather
conditions (SRB&A 2011).
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Beluga Whale. Point Lay’s most important subsistence marine resource is the beluga whale, and the
community depends on the species more than any other Alaska Native community in the state (MMS
2008). A major community activity is a single cooperative hunt in the summer, principally in the first 2
weeks of July, on the outer coast of the barrier islands. Hunting is done in a few key passes between these
islands, where pods of belugas migrating north are known to feed, and in Kasegaluk Lagoon (SRB&A
2011, Map 11). Most hunting is concentrated south of the village in Kukpowruk and Naokok Passes.

Walrus. Walrus are hunted from Icy Cape to the southern end of Kasegaluk Lagoon and as far as 20 mi
offshore. In years with favorable ice conditions, walrus are harvested from the end of June until the end of
July on ice floes 15 mi offshore moving northward with the prevailing coastal currents (MMS 2008;
SRB&A 2011, Map 14).

Seals. Bearded seals and ringed seals are taken in the spring when they can be found sunning on the
northward-moving ice. Point Lay hunters begin the spring sea mammal hunt south of the community,
because the first broken ice holding sea mammals appears there, usually in April. Later in the season,
hunters looking for bearded seals and walrus take ringed seals closer to the community. Bearded seal
hunting occurs in June after spring sealing is over. Hunters search the broken ice for bearded seals as far
as 6 mi out, and they sometimes go farther if they are also looking for walruses (MMS 2008). Traditional
knowledge workshop participants reported that the distance hunters travel in search of seals depends on
the turbidity of water offshore from the Kasegaluk Lagoon (SRB&A 2011).

Spotted seals feed in Kasegaluk Lagoon in the summer and are harvested on the shores adjacent to the
passes into the lagoon. They are available in the fall and all winter but are seldom taken during those
seasons. The seal-harvest area ranges from Cape Beaufort in the south to Icy Cape in the north (SRB&A
2011 Map 13).

Fishes. Fishing and time spent at fish camps is an important community activity for Point Lay residents.
The most intense marine fishing with set gill nets starts in July and peaks in August. Chum, pink, and
king salmon (rarely) are caught, and herring, smelt, flounder, Arctic char, grayling, and broad whitefish.
In fall, people move up the Kukpowruk and Utukok Rivers in family groups to fish camps where they net
fish. When the ice hardens in fall, they turn to jigging. Marine fishing takes place on the sea and lagoon
shores of the barrier islands and along the mainland coast from Icy Cape to the south end of Kasegaluk
Lagoon. Intensive-use areas are found at Naokok Pass, near the old village, and on the shores near the
present village site (MMS 2008; SRB&A 2011 Map 15).

Polar Bear. In the short days of winter when the sea ice is solid, polar bears are sometimes taken,
although they are hunted less actively than in the past (MMS 2008; SRB&A 2011 Map 12).

Waterfowl. Migratory birds, and their eggs, are an important food source for Point Lay residents,
supplying them with their first source of fresh meat when ducks and geese migrate north in the spring.
Eider ducks and geese migrate along the coast, while other types of geese follow major river drainages.
Hunting usually is done from the edge of the spring ice leads during May when hunters are looking for
seals. In late August and early September, geese are again hunted as they fly south. Eider and long-tailed
ducks are the most hunted ducks, while brant and Canada geese are the primary goose species (MMS
2008; SRB&A 2011 Map 16).
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5.9.5. Wainwright

The community of Wainwright, with a population of 556 (U.S. Census Bureau 2010), enjoys a diverse
resource base that includes both terrestrial and marine resources. Wainwright sits on the Chukchi Sea
coast about 100 mi southwest of Barrow. Marine subsistence activities focus on the coastal waters from
Icy Cape in the south to Point Franklin and Peard Bay in the north. The Kuk River lagoon system, a major
marine estuary, is an important marine and wildlife habitat used by local hunters (MMS 2008).

Depending on the marine mammal resource, Wainwright residents typically travel no more than 60 mi
from the shore (SRB&A 2010).

5.9.6. Wainwright Subsistence-Harvest

Bowhead Whale. Bowhead whales are Wainwright’s most important marine resource; they are available
in the Wainwright area beginning in late April. Wainwright is not ideally situated for bowhead whaling as
Point Hope and Barrow. Ice leads often break far from shore and often wider than those near Barrow or
Point Hope; multiple leads are common (MMS 2008). Hunters may travel 10 to 15 mi offshore to harvest
bowhead whales (SRB&A 2010, Map 38).

Beluga Whale. Beluga whales are available to Wainwright hunters during the spring bowhead whaling
season (late April to early June); however, pursuing belugas during that time might put their bowhead
whale hunt in jeopardy, so the spring beluga hunt occurs only if no bowhead whales are in the area.
Belugas also are available later in the summer (July through late August) in the lagoon systems along the
coast. The reluctance of Wainwright residents to harvest belugas during the bowhead-whaling season
means the community must rely on the unpredictable summer harvest for the major volume of the beluga
whale-harvest resource. Belugas are considered an unpredictable subsistence resource, and some
community members believe that marine boat traffic is pushing the belugas farther south. There are two
pulses of beluga whales that go by Wainwright, one in early May and another in late June. Because
people are focusing on the bowhead whale harvest in May, they only hunt belugas from the late June
migration (MMS 2008; SRB&A 2010, Map 37).

Pacific Walrus. Walruses are present seasonally in Wainwright, with the exception of a few that
overwinter in the area. The peak hunting period occurs from July to August as the southern edge of the
pack ice retreats. In late August and early September, Wainwright hunters occasionally harvest walrus
that are hauled out on beaches. The focal area for hunting walruses is from Milliktagvik north to Point
Franklin (MMS 2008; SRB&A 2010, Map 41).

Seals. Wainwright residents hunt four seal species: ringed, spotted, ribbon (all hair seals), and bearded
seals. Ringed seals (the most common species) generally are available throughout the ice-locked months.
Bearded seals are available during the same period, but they are not as plentiful. Although they are
harvested less frequently, spotted seals are common in the coastal lagoons during the summer; most are
taken in Kuk Lagoon. Ribbon seals occasionally are available during the spring and summer.

Ringed and bearded seals are harvested most intensely from May through July (MMS 2008). Most ringed
seals are harvested along the coast from Milliktagvik to Point Franklin, with concentration areas along the
shore from Kuk Inlet southward to Milliktagvik and from Nunagiaq to Point Franklin. Migrating seals are
most concentrated at Qipugqlaich, just south of Kuk Inlet (Nelson 1981).

The bearded seal harvest is an important subsistence activity in Wainwright because it is a preferred food,
and the skins are used as covers for the whaling boats (MMS 2008). Traditionally, ringed and bearded
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seals were widely harvested. Today the bearded seal is the most sought after species, and ringed seal is
not considered as important. The bearded seal is considered a mainstay subsistence resource and is prized
for its fat and meat. It is harvested from spring through fall (MMS 2008; SRB&A 2010, Map 40).

Fishes. Wainwright residents harvest a variety of fishes in most marine and freshwater habitats along the
coast and in lagoons, estuaries, and rivers. Ice fishing for smelt and tomcod (saffron cod) occurs near the
community, primarily during January, February, and March. In the summer, Wainwright residents eat
Arctic char, chum, and pink salmon, Bering cisco (whitefish), and sculpin along the coast and the lower
portions of Kuk Lagoon (Nelson 1981; MMS 2008). The most common species harvested in the Kuk
River system are Bering cisco and least cisco, grayling, lingcod, burbot, and rainbow smelt. Other species
that are harvested less frequently along the coast (in some cases in estuaries or freshwater) include
rainbow smelt, flounder, cisco, saffron cod, Arctic cod, trout, capelin, and grayling (Nelson 1981; Craig
1987). Marine fishing is conducted from Peard Bay to Icy Cape and in Kuk Lagoon. (MMS 2008;
SRB&A 2010, Map 43).

Polar Bear. Polar bears generally are harvested along the coastal area in the Wainwright region, around
Icy Cape, at the headland from Point Belcher to Point Franklin, and at Seahorse Island. Wainwright
residents hunt polar bears primarily in the fall and winter, less frequently in the spring, and rarely in the
summer (MMS 2008; SRB&A 2010, Map 39).

Waterfowl. The migration and harvesting of ducks, murres, geese, and cranes begins in May and
continues through June. Hunting decreases as the bird populations disperse to their summer ranges (MMS
2008; SRB&A 2010, Map 44). During the fall migration south, the range is scattered over a wide area
and, with the exception of Icy Cape, hunting success is limited (ACI/Courtnage/Braund 1984).

5.9.7. Barrow

Barrow, with a population of 4212 in 2010 (U.S. Census Bureau 2010), enjoys a diverse resource base
that includes marine and terrestrial animals. Barrow’s location at the demarcation point between the
Chukchi and Beaufort Seas is unique, offering superb opportunities for hunting a diversity of marine and
terrestrial mammals and fishes (MMS 2008). The Barrow marine subsistence resource areas extend 60 mi
to the north as far east as Prudhoe Bay, and as far west as Kasegaluk Lagoon near Wainwright (SRB&A
2011).

5.9.8. Barrow Subsistence-Harvest

Bowhead Whale. Barrow residents hunt the bowhead whale in spring and fall; however, more whales are
harvested during the spring whale hunt, which is the major whaling season (MMS 2008). In 1977 the
International Whaling Commission established an overall quota for subsistence hunting of the bowhead
whale by the Alaskan Ifiupiat. The Alaska Eskimo Whaling Commission regulates the quota by annually
deciding how many bowhead whales each whaling community may take. Barrow whalers continue to
hunt in the fall to meet their quota and to seek strikes that can be transferred to the community from other
villages from the previous spring hunt. During the spring hunt, approximately 30 whaling camps are
along the edge of the landfast ice. The locations of the camps depend on ice conditions and currents. Most
whaling camps are south of Barrow, some as far south as Walakpa Bay (MMS 2008).

Depending on the season, the bowhead whale is hunted in two areas. In the spring (from early April until
the first week of June), they are hunted from leads that open when pack-ice conditions deteriorate. Then,
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they are harvested along the coast from Point Barrow to the Skull Cliff area; the distance of the leads
from shore varies each year. The leads generally are parallel and quite close to shore, but occasionally
they break directly from Point Barrow to Point Franklin and force Barrow whalers to travel over the ice as
much as 10 mi offshore to the open leads. Typically, the lead is open from Point Barrow to the coast; and
hunters whale only 1-3 mi from shore. A struck whale can be chased in either direction in the lead.
Spring whaling in Barrow is conducted almost entirely with traditional skin boats, because narrow leads
prohibit the use of aluminum skiffs, which are more difficult to maneuver than the skin boats (MMS
2008; SRB&A 1984). Fall whaling occurs east of Point Barrow from the Barrow vicinity to Cape
Simpson.

Hunters use aluminum skiffs with outboard motors to chase the whales during the fall migration, which
takes place in open water up to 30 mi offshore. No other marine mammal is harvested with the intensity
and concentration of effort that is expended on the bowhead whale (MMS 2008; SRB&A 2011 Map 27).

Beluga Whale. Beluga whales are available from the beginning of the spring whaling season through
June and occasionally in July and August in ice-free waters. Barrow hunters do not like to hunt beluga
whales during the bowhead hunt, preferring to harvest them after the spring bowhead season ends, a
situation that depends on when the bowhead quota is met. Belugas are harvested in the leads between
Point Barrow and Skull Cliff. Later in summer, belugas occasionally are harvested on both sides of the
barrier islands of Elson Lagoon (MMS 2008; SRB&A 2011 Map 26).

Seals. Hair seals are available from October through June; however, because of the availability of
bowhead whales and bearded seals during various times of the year, seals are harvested primarily during
the winter, especially from February through March. Ringed seals are the most common hair seal species
harvested, and spotted seals are harvested only in the ice-free summer months. Ringed seal hunting is
concentrated in the Chukchi Sea, although some hunting occurs off Point Barrow and along the barrier
islands that form Elson Lagoon. During the winter, leads in the area immediately adjacent to Barrow and
north toward the point make that area an advantageous spot for seal hunting.

Hunting bearded seals is an important subsistence activity in Barrow because the bearded seal is a
preferred food and because bearded seal skins are the preferred covering material for the skin boats used
in whaling. Six to nine skins are needed to cover a boat. For those reasons, bearded seals are harvested
more than the smaller, hair seals. Most bearded seals are harvested during the spring and summer and
from open water during the pursuit of other marine mammals in both the Chukchi and Beaufort Seas
(NSB 1998; SRB&A 2011, Map 29). Occasionally, they are available in Dease Inlet and Admiralty Bay
(MMS 2008).

Fishes. Barrow residents harvest marine and riverine fishes, but their dependency on fish varies
according to the availability of other resources. Capelin, char, cod, grayling, salmon, sculpin, and
whitefish are harvested (MMS 2008). Fishing occurs primarily in the summer and fall and peaks in
September and October. Tomcod are harvested during the fall and early winter when there is still daylight
(NSB 1998). The subsistence-harvest area for fish is extensive, primarily because Barrow residents
supplement their camp food with fish whenever they are hunting (MMS 2008; SRB&A 2011 Map 31).

Walrus. Walruses are harvested during the summer marine mammal hunt west of Point Barrow and
southwest to Peard Bay. Most hunters will travel no more than 15-20 mi to hunt walruses. The major
walrus hunting effort occurs from late June through mid- September, with the peak season in August
(MMS 2008; SRB&A 2011, Map 30).
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Waterfowl. Migratory birds, particularly eider ducks and geese, provide an important food source for
Barrow residents because of the dietary importance of birds as the first source of fresh meat in the spring.
In May, geese are hunted; hunters travel great distances along major inland rivers and lakes to harvest
them. Most eider and other ducks are harvested along the coast (Schneider et al. 1980; SRB&A 2011,
Map 32). Eggs from a variety of species still are gathered occasionally, especially on the offshore islands
where foxes and other predators are less common. Waterfowl, hunted during the whaling season
(beginning in late April or early May) when their flights follow the open leads, provide a source of fresh
meat for whaling camps. Later in the spring, Barrow residents harvest many geese and ducks, with the
harvest peaking in May and early June but continuing until the end of June. Birds may be harvested
throughout the summer, but only incidentally to other subsistence activities. In late August and early
September, with peak movement in the first 2 weeks of September, ducks and geese migrate south and are
again hunted by Barrow residents. Birds, primarily eiders and other ducks, are hunted along the coast
from Point Franklin to Admiralty Bay and Dease Inlet. Concentrated hunting areas also are along the
shores of the major barrier islands of Elson Lagoon. During spring whaling, families not involved with
whaling might go geese hunting; successful whaling crews also might be hunting geese while other crews
are still whaling (NSB 1998; MMS 2008).

Polar Bear. Barrow residents hunt polar bears from October to June (SRB&A 2011 Map 28). Polar bears
comprise a small portion of the Barrow subsistence harvest (MMS 2008).

5.9.9. Arctic Climate Change and Effects on Subsistence

Arctic resource systems are extensive and extremely sensitive, thus, vulnerable to climate change.
Implications of climate change on subsistence resources are difficult to predict, although some trends are
consistent and anticipated to continue. The North Slope communities and their reliance on subsistence
resources will be stressed to the extent the observed changes continue. Those can include alterations to
traditional hunting locations, increases in subsistence travel and access difficulties, shifts in migration
patterns, and changes to seasonal availability of subsistence resources (MMS 2008).

Through the traditional knowledge gathering process, the following observations regarding changes in ice
conditions and effects on wildlife and subsistence activities were shared (SRB&A 2011):

e Marine mammals such as seals and walrus are congregating in large groups because of lack of
ice, becoming skinnier from having to travel farther, and more frequently coming to shore when
no offshore ice is available on which to rest.

e Changes in timing and nature of break up (earlier) and freeze up (later) have caused the hunting
season to be shorter and residents to have fewer opportunities, such as increased difficulty
harvesting from the ice. Additionally, hunters might have to travel farther, which increases
overall risks, costs, and dangers from rotten ice.

e Warming of the temperatures and permafrost has contributed to spoiling of harvested meat.

e At the same time, some subsistence activities in certain areas have become easier because of open
leads closer to shore than in the past.

e Lack of ice and the habitat it provides affects marine mammal distribution, particularly bearded
seals, walruses, and polar bears.
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6. DETERMINATION OF UNREASONABLE DEGRADATION

This section presents a discussion of EPA’s evaluation for the 10 ODC and EPA’s determinations
regarding unreasonable degradation.

Under the ODC regulations, no NPDES permit may be issued if it is determined to cause unreasonable
degradation of the marine environment. EPA considers the 10 ODC and other factors specified in 40 CFR
125.122(a)-(b) when evaluating the potential for unreasonable degradation. Unreasonable degradation of
the marine environment means

e Significant adverse changes in ecosystem diversity, productivity and stability of the biological
community within the area of discharge and surrounding biological community;

e Threat to human health through direct exposure to pollutants or through consumption of exposed
aquatic organisms; or

e Loss of aesthetic, recreational, scientific or economic values which is unreasonable in relation to
the benefit derived from the discharge.

Neither section 403 of the CWA nor EPA’s implementing regulations require the Agency to ensure that
there is no degradation before issuing a permit. Nor do EPA’s regulations require EPA to have complete
knowledge of the potential effects of a discharge before permit issuance. Rather, EPA must make its
determination on the basis of available information and information supplied by a permit applicant. In
addition, EPA must exercise reasonable judgment when making a determination about unreasonable
degradation.

When conducting its evaluation, EPA may presume that discharges in compliance with CWA section
301(g), 301(h), or 316(a), or with state water quality standards, do not cause unreasonable degradation to
the marine environment. In addition, EPA may impose additional permit conditions to ensure that a
discharge will not result in unreasonable degradation.

In cases where sufficient information is available to determine whether unreasonable degradation of the
marine environment will occur, 40 CFR 125.123(a) and (b) governs EPA’s actions. Discharges that cause
unreasonable degradation will not be permitted. Other discharges may be authorized with necessary
permit conditions to ensure that unreasonable degradation will not occur.

In the circumstances where there is insufficient information to determine, before permit issuance, that a
discharge will not result in unreasonable degradation, EPA may permit the discharge, if EPA determines
on the basis of available information that

e Such discharges will not cause irreparable harm to the marine environment during the period in
which monitoring is undertaken;

e There are no reasonable alternatives to the on-site disposal of these materials; and

e The discharge will be in compliance with all permit conditions established pursuant to 40 CFR
125.123(d).
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On the basis of the discussion in Sections 1-5 above, EPA has determined that the proposed discharges
will not cause unreasonable degradation to the marine environment under the terms and conditions in the
Chukchi general permit.

This section discusses the evaluations of the ODC, related findings, and determinations.

6.1. CRITERION 1

The quantities, composition, and potential for bioaccumulation or persistence of the
pollutants to be discharged.

EPA estimates that a maximum total of 24—42 exploration and delineation wells will be drilled in the
Chukchi Sea Area of Coverage during the 5-year term of the general permit. That number was derived
from the available information, including the NOI information submitted to EPA by potential operators,
and the recently released DEIS from NMFS and BOEM (NMFS 2011). Section 3 of this ODCE
characterizes the types and quantities of discharges that would occur during the drilling process. Drilling
fluids and cuttings are major components of discharges associated with exploratory operations; the
potential impacts of those discharges are the focus of this section.

To date, only five exploratory wells have been drilled in the Chukchi Sea, and discharge data are not
available from those historical wells. As a result, this analysis is limited to the discharge volumes of
drilling fluids and cuttings that were disclosed in the NOIs from operators seeking coverage under the
expired Arctic NPDES general permit (AKG-28-0000). On the basis of those NOIs, the estimated average
discharge volume of water-based drilling muds and drill cuttings is approximately 7,693 bbl per well.

On the basis of data provided in the NOIs and a maximum of 24-42 new wells, EPA estimates that
approximately 184,632—323,106 bbl of water-based drilling fluids and drill cuttings would be discharged
in the Area of Coverage during the 5-year permit term. Additionally, 3,747 bbl of cuttings per well would
be discharged at the seafloor from MLC and construction of the tophole section (26-in hole section) of the
well, with a total of 89,928—-157,374 bbl estimated to be discharged over the 5-year permit term.
According to the NOI estimates, preparing the MLC accounts for approximately 50 percent of drilling
fluids and cuttings discharge. Consequently, about half of the drill cuttings volume would be created
using drilling fluids.

Modeling and studies show that the deposition of drill cuttings are generally limited to the immediate
discharge area (within 100 m [328 ft] of the outfall—see Section 3.6). The solids that adhere to the
drilling fluid discharge are predicted to accumulate 0.4—1.2 mm in the immediate area of the deposition
zone. In contrast, the solid components of drilling fluids generally have smaller particle sizes;
consequently, they are predicted to deposit at a greater distance from the outfall (up to 1,250 m [4,100 ft])
as compared to cuttings. Other components of concern in drilling fluids include trace metals and specialty
additives used within the drilling fluid systems (see Section 3.3.3). Mass loadings of special additives
depend on the concentrations, frequency of use, and conditions encountered during drilling.

Discharges other than drilling fluids and cuttings (i.e., sanitary and domestic wastes; deck drainage;
blowout preventer fluid; desalination unit waste; fire control system test water; non-contact cooling water;
ballast water; bilge water; boiler blowdown; excess cement slurry; and drilling fluid, cuttings, and cement
at seafloor) are not expected to carry pollutants that are bioaccumulative or persistent. The pollutants of
concern in the non-drilling fluid/non-cuttings discharge category are discussed in Section 6.10.
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Limitations and conditions of the permit ensure that such discharges do not contain persistent or
bioaccumulative pollutants. For example, discharges that fail the static sheen test are prohibited. In
addition, the Chukchi general permit requires an inventory and reporting of all chemicals added to the
system, including limitations on chemical additive concentrations. Furthermore, the permit requires
screening of certain waste streams for toxicity and conduct WET testing if those waste streams exceed a
volume discharge threshold and if chemicals are added to the system, or if an initial toxicity screen shows
potential toxicity.

6.1.1. Seafloor Sedimentation

The aerial extent of drilling fluid accumulation on the seafloor is inversely related to the energy dynamics
of the receiving water. In low-energy environments, currents do not play a role in moving deposited
material from the bottom or mixing it into sediments. The deposited drilling fluid can be mixed vertically
with natural sediments by physical resuspension processes and by biological reworking of sediments by
benthic organisms or marine mammals. Ice gouging could also mix deposited materials into seafloor
sediments. The relative contribution of those processes to sediment mixing has not been quantified.
However, studies that have evaluated sediment mixing are discussed below.

Currie and Isaacs (2005) examined changes to benthic infauna caused by exploratory gas drilling
operations in the Minerva field in Port Campbell, Australia, at 2 weeks, 4 months and 11 months after
drilling. They found the abundances of two common species (Apseudes sp. and Prionospio coorilla)
decreased significantly at the wellhead site immediately after drilling. Population reduction ranged
between 71 and 88 percent, and recovery took less than 4 months after drilling. The distribution of
benthic communities persisted at the wellhead for more than 11 months after exploratory drilling, likely a
result of the physical modification of sediment at the site. Changes in the population of species
(aggregated by phylum) varied, but significant declines—45 to 73 percent—in the most abundant phyla
(crustaceans and polychaetes) were observed at all sites within a 100-m (328-ft) radius of the wellhead
after drilling. In most cases, the changes became undetectable 4 months after drilling following species
recruitments.

Trannum et al. (2010) conducted a laboratory study on the effects of sedimentation on benthic
macrofauna community structure. They compared natural sediment collected in the Oslofjord of southern
Norway and drill cuttings originating from a drilling operation in the Barents Sea. The study used cuttings
where ilmenite served as the weighting agent and glycol as a lubricant. [Imenite has a higher specific
gravity than barite and is less likely to contain trace metals. The study investigated sediment accumulation
up to 2.4 cm (0.94 in). The results indicate that drill cuttings added at the same rate as natural sediment
reduced the number of taxa, abundance, biomass, and diversity of fauna with increasing layer thickness
(up to 2.4 cm) compared to the addition of natural sediments. They conclude that cuttings affected fauna
through mechanisms other than sedimentation. The results suggest organic additives (glycol) in the
cuttings as the cause for increased oxygen depletion, which caused the reduction in benthic structure and
number. The Chukchi general permit allows only residual amounts of mineral oil pills to be discharged,
used as spotting agent and lubricant, and drilling cuttings are not expected to contain appreciable amounts
of organic additives. The blowout preventer fluid could contain glycol, but the volumes are negligible
such that any potential effects would be imperceptible.

Dunton et al. (2009) investigated benthic habitats in Camden Bay in the Beaufort Sea to characterize
baseline conditions at a future exploratory drill location (Sivulliq Prospect) and recovery at a former
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exploratory drill site (Hammerhead). At 45 sites (10 of which were in the area of the Hammerhead former
drill site), the species composition of the infaunal community along with density, biomass, and stable
isotopic composition (C-13 and N-15) were determined through sediment grab samples. Comparison of
results from the other 35 Sivulliq sites to the 10 Hammerhead sites indicated that previous drilling
activities (which were conducted in 1985) did not have a measurable impact on the occurrence or trophic
structure of the infaunal community after 23 years.

Marine invertebrates were also collected by Battelle et al. (2010) in the Burger and Klondike survey areas
of the Chukchi exploration area, where exploration drilling occurred in 1989, to measure metals
concentrations in tissue. Comparison of metal (arsenic, barium, chromium, copper, iron, mercury, lead,
and zinc) concentrations in the Astarte clam in the Chukchi Sea, to concentrations in clams collected in
the Beaufort Sea in 2008 were not significantly different. Concentrations of arsenic, cadmium, mercury,
and manganese were significantly higher in crabs collected in the Klondike survey area than crabs
collected in the Burger survey area. The study did not determine a reason for the difference, but it
suggests that differences in metal concentrations were from differences in water column or food.

The conditions of the Chukchi general permit limit the amount of organic additives that will be
discharged in drill cuttings. In addition, past studies that have evaluated benthic communities after
exploratory drilling has occurred indicate that sedimentation is not expected to cause persistent or
irreversible effects on benthic structure and diversity.

6.1.2. Trace Metals

Several studies have evaluated the solubility of trace metals found in barite, a key ingredient in drilling
fluids. Crecelius et al. (2007) evaluated the release of trace components from barite to the marine
environment, including seawater and sediment pore water, under varying redox conditions. Solubility of
barium and other metals in barite were tested under specific laboratory conditions, where salinity was 30
parts per thousand (ppt); temperature was 40 °F to 68 °F (4 °C and 20 °C); pH ranged from 7 to 9; and
pressure was 14 and 500 psi. In containers with static seawater from the Gulf of Mexico, concentrations
of cadmium, copper, mercury manganese, and zinc gradually increased through leaching over time.
Results showed that temperature and pressure had little effect on solubility; however, pH had the greatest
effect on concentrations of mercury and zinc, which increased as pH increased. When exposed to flowing
seawater (by passing seawater through the containers at a constant rate), at pH 8 for 24 hours, the release
rate of cadmium, copper, mercury, lead and zinc were greatest during the first several hours. Dissolved
concentrations of those metals in the flowing seawater approached concentrations found in coastal
seawater after 24 hours. The addition of natural sediment, however, reduced the release of metals to the
static water column compared to barite alone, indicating that organisms living on or near the sediment
would not be exposed to the elevated concentrations of dissolved metals. Crecelius et al. also notes that
the static experiments are worst-case scenarios because in open water, natural systems field currents and
diffusion would further dilute metals.

Crecelius et al. (2007) also investigated leaching of metals from barite in anoxic sediment. Barium, iron,
manganese, and zinc were found to be more soluble under anoxic conditions in pore water, but
concentrations of cadmium, copper, mercury, methylmercury, and lead were not significantly different
from un-amended sediment. The results suggest that metals would form insoluble sulfide minerals under
anoxic conditions, and therefore, would not be bioavailable to benthic organisms.
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Neff (2008) used the results from Crecelius et al. (2007) to determine the bioavailable fraction of metals.
Neff used a distribution coefficient, which is the factor that predicts partitioning of the metal between the
solid phase and dissolved in a liquid phase, for each metal between barite and seawater, and barite and
pore water. The distribution coefficients indicate that metals (barium, cadmium, chromium, copper,
mercury, lead, and zinc) are more likely to remain associated with barite by a minimum of 2.5 orders of
magnitude than to dissolve in seawater. Distribution coefficients for metals between barite and pore
water, at pH levels similar to the pH of digestive fluids of benthic organisms, show that all metals other
than cadmium were more likely to remain associated with barite particles. Cadmium was the most
bioavailable metal for bottom-dwelling organisms that could ingest barite particles. Likewise, Macdonald
(1982) also concluded that metal solubility from barite is low according to thermodynamics and that low
solubility results in metal concentrations are comparable to coastal ocean dissolved metal concentrations.

Those studies demonstrate that trace metals are generally unavailable to marine organisms in detrimental
concentrations. Furthermore, the studies suggest that trace metal concentrations in a mixture of barite and
seawater are close to natural coastal concentrations, although a number of metals precipitate out as
insoluble metal sulfides.

6.1.3. Persistence

Snyder-Conn et al. (1990) studied the persistence of trace metals in low-energy, shallow Arctic marine
sediments. In that study, sediment samples were collected at three exploratory well sites in the shallow,
nearshore Beaufort Sea and compared to four control locations. Exploratory drilling had occurred at the
experimental sites between 1981 and 1983, and sediment samples were collected in 1985. Samples were
collected at five stations approximately 25-m (82-ft) intervals along three to four transects established at
sites where drilling fluids and cuttings had been discharged. Average sediment concentrations for
aluminum, arsenic, barium, chromium, lead, and zinc were elevated compared to the average reference
station concentrations. The author suggested that the persistence resulted from poor dispersion because of
the low energy of the marine environment in those locations

Long et al. (1995) applied the sediment guidelines to the concentration samples obtained in the Snyder-
Conn study. They concluded that concentrations for chromium, lead and zinc were below the effects
range median, and arsenic was below the effects range low. Concentrations below the effects range low
represent a low risk for aquatic toxicity, and an effects range median concentration means concentrations
greater than the effects range low, which could result in adverse effects.

Trefry and Trocine (2009) measured metal concentrations in the water column and sediment at 10
locations near two exploratory wells that were drilled in 1985 and 1986 (Hammerhead) in the Beaufort
Sea, and 19 background stations. Surface and subsurface sediment concentrations of aluminum, iron,
cadmium, mercury, vanadium, and zinc were at background values at all 10 locations, while
concentrations of silver, chromium, copper, lead, and selenium were above background concentrations at
one Hammerhead station. Sediment concentrations for cadmium, mercury, zinc, and silver were all below
the minimum recommended sediment quality criteria (effects range low).

In the Chukchi Sea, a study of the Burger and Klondike lease blocks included future drill locations and
two former exploratory drill sites. The study found that all sediment concentrations of silver, aluminum,
cadmium, chromium, iron, manganese, and zinc were at background values; however, concentrations of
barium were elevated at three sampling sites at the historic drill sites at stations approximately 0.2
nautical mi (nmi) from the original discharge location (Battelle et al. 2010). The study noted slight
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elevations in concentrations of lead at two sites, and elevated concentrations of copper and mercury at one
site at historic drill sites, which is consistent with the presence of residual barite. Metal concentrations at
all sites were not present at concentrations higher than the effects range low derived by Long et al. (cited
in Battelle et al. 2010).

In conclusion, high energy currents in the Chukchi area are expected to disperse trace metals that could be
discharged during drilling operations. In addition, studies of sediment metal concentrations in areas where
previous exploration drilling has occurred show that metal concentrations are not persistent and decrease
to levels below risk-based sediment guideline concentrations.

6.1.4. Bioaccumulation

Heavy metals, such as mercury, cadmium, arsenic, chromium, and lead can bioaccumulate depending on
their chemical speciation. Existing data are not adequate to quantify the potential bioaccumulation from
exposure to exploratory oil drilling operations. Available data suggest, however, that because the
bioavailability of trace metals from barite is quite low, the bioaccumulation risks are also expected to be
low (Crecelius et al. 2007; Neff 2008, 2010). Studies conducted with cold-water amphipods evaluated
their absorption of metals when exposure to water-based fluids for a period of 5 days (Neff 2010). In that
study, Neff removed one-half of the amphipods for analysis after 5 days of exposure, while the remaining
half were placed in clean flowing seawater for 12 hours. All the exposed amphipods accumulated small
amounts of copper and lead; but those placed in clean salt water quickly reduced their levels of copper
and lead. That suggests that bioaccumulation of metals from water-based drilling fluids is low and
reversible. Neff (2010) cites bioaccumulation studies conducted by Northern Technical Services in 1981
using species present in the Beaufort Sea, which shows a small amount of accumulation of chromium and
iron in fourhorn sculpin, and a small amount of iron in saffron cod that were exposed to mixtures of
water-based fluids at concentrations of 4 to 17 percent. Similar concentrations could be experienced in the
Chukchi Sea during active exploration discharges, but those concentrations would not persist once fluids
and cuttings settle to the seafloor. Also, organic carbon from either primary production or in runoff from
land is present in sea bottom sediments, sequesters metals, and lowers the metals’ bioavailability (Neff
2010).

Available information suggests that trace metals present in barite are generally not bioaccumulative
because they are not bioavailable. However, where trace metals are bioavailable, they show
bioaccumulative properties, such as copper and lead, which appear to be reversible. Nevertheless,
adequate information is not available to quantify the potential bioaccumulation of trace metals due to
exploratory oil drilling operations.

6.1.5. Control and Treatment

The Chukchi general permit incorporates the technology-based effluent limitations required by the ELGs
in 40 CFR Part 435, Subpart A, which apply to drilling fluids and cuttings. Those ELGs include an acute
(96-hour) effluent toxicity limit of a 50 percent lethal concentrations (LCs,) of a minimum 30,000 parts
per million (ppm) suspended particulate phase (SPP) on discharged drilling fluids. The 30,000 ppm SPP
concentration (3 percent by volume) would be lethal to 50 percent of organisms exposed to that
concentration. That limit is a technology-based control on the toxicity of drill cuttings and fluids, and
control on toxic and nonconventional pollutants. The 30,000 ppm SPP limitation is both technologically
feasible and economically achievable, and it is the best available technology established nationally
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(USEPA 1993). Under the ELG, if SPP concentrations less than 30,000 ppm result in a LCs, response,
then additives to drilling fluids would be substituted to ensure a less toxic discharge.

6.1.6. Mitigation

While the federal effluent guidelines allow the discharge of synthetic-based drilling fluids and cuttings,
and cuttings associated with oil-based fluids, the Chukchi general permit would not authorize such
discharges. It is generally acknowledged that the use of WBFs is less harmful than synthetic- or oil-based
fluids. Barite is the most frequently used weighting material, and can contain trace elements in
concentrations that can leach in seawater after discharge. The Chukchi general permit contains a limit on
the mercury and cadmium content of the stock barite, which is intended to limit the concentrations of
other trace metals that could be present as well.

The Chukchi general permit also places a cap on the volume of WBFs and cuttings by limiting permittees
to drilling discharges from no more than five wells at a single drilling site, unless EPA approves a request
for discharging from additional wells. The permit also establishes discharge rates on the basis of the
depths of discharge to ensure that unreasonable degradation will not occur.

6.2. CRITERION 2

The potential transport of such pollutants by biological, physical, or chemical processes.

6.2.1. Biological Transport

Biological transport processes include bioaccumulation in soft or hard tissues, biomagnification, ingestion
and excretion in fecal pellets, and physical reworking to mix solids into the sediment (bioturbation).
Biological transport processes occur when an organism performs an activity with one or more of the
following results:

e An element or compound is removed from the water column;
e A soluble element or compound is relocated within the water column;
e An insoluble form of an element or compound is made available to the water column; or

e An insoluble or particulate form of an element or compound is relocated.

The ODCE supporting the previous Arctic general permit provides a detailed literature review of
bioaccumulation, biomagnifications, and bioturbation (USEPA 2006). The literature review indicates that
bioaccumulation of chromium—primarily lignosulfonate (an additive to drilling fluids)—could occur
locally from drilling-related discharges. Little information is available to assess the biomagnification of
drilling fluid discharges components; however, one study suggests that barium and chromium could
biomagnify. In an in vitro experiment, the mean barium level in contaminated sea worms was 22
micrograms per gram (pg/g), whereas the controls contained 7.1 pg/g. Chromium levels were 1.02 pg/g
in contaminated worms and 0.62 png/g in controls. In both cases, concentrations in depurated worms were
not significantly different from controls (Neff et al. 1984). Studies on biological transport show that
depuration (removal of the organism from the contaminate source) can reduce concentrations of
contaminants in tissue.
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Bioturbation, the process of benthic organisms reworking sediment and mixing surface material into
deeper sediment layers, is another mode of biological transport. Whereas sea worms and other benthic
organisms have the ability to move material locally, gray whales and walrus move tremendous amounts of
sediment in the Chukchi Sea. Nelson et al. (1994) analyzed feeding pits created by gray whales and
furrows created by walruses. Combined, the two species are estimated to move more than 700 million
tons per year of sediment in the Chukchi Sea according to current population estimates. The study
acknowledges some limitations in the analysis, but it estimates that walruses disturb between 24 and 36
percent of the Chukchi Seafloor annually (Nelson et al. 1994). No research was identified to quantify the
extent of effects resulting from bioturbation of discharges associated with exploration drilling, although
bioturbation is expected to dilute any effects of the solids component of the discharges.

6.2.2. Physical Transport

Physical transport processes include currents, mixing and diffusion in the water column, particle
flocculation, and discharged material settling to the seafloor. Pacific Ocean currents dictate the direction
of transport in the Arctic Ocean: generally moving northward from the Bering Sea through the Chukchi
Sea (Weingartner 2001). Flow is divided along the near-shore, the Central Channel (between Herald and
Hanna shoals), and the Herald Canyon (Woodgate et al. 2005). Spall (2007) estimates the residence time
of water in the Chukchi Sea to be less than 1 year. Water temperature factors into the localized effects of
mixing and diffusion. The effect of changes of temperature associated with large-scale currents are
beyond the scope of this evaluation. Localized diffusion and mixing of the discharges covered under the
Chukchi general permit are driven by the depth of the receiving water, rate of discharge, speed of local
currents, and depth of the outfall beneath the surface.

The depth, rate, and method of the individual discharges influence their physical transport in the
environment. Because of BOEM drilling restrictions, exploration activities in the Chukchi Sea would
likely occur in the summer, and discharges authorized in the Chukchi general permit would occur in open
water or in water with unstable and broken ice conditions. Modeling targeted at determining the
dispersion pattern and dilution of discharges authorized under the Chukchi general permit focused on the
transport of discharged materials in the water column and settling on the seafloor. The results of the
analysis are discussed in Section 3.6 and in Appendix A. Generally, the modeling shows that water
column constituents would meet applicable federal water quality criteria, which include metals and
organic compounds, within the 100-m (328-ft) mixing zone, and that the majority of solids associated
with the drilling fluids and cuttings would settle in a thin deposit within a similar distance. Smaller solid
components of drilling fluids could settle more than 1,250 m (2,282 ft) from the discharge point, but
accumulation is expected be very low (0.4—1.2 mm).

The particulate fraction of discharged drilling wastes tends to settle on the seafloor so that its drift,
dispersion, and dilution are generally lower than those of dissolved discharges (MMS 2007). Recent
studies show that drilling wastes flocculate in seawater to form aggregates on the order of 0.5-1.5 mm in
diameter with high settling velocities (Hurley and Ellis 2004 cited in MMS 2007). Consequently, the bulk
of drilling fluid discharges settle rapidly and accumulate on the seafloor.

Resuspension or deposition processes tend to occur near the seafloor with some particles gradually being
dispersed by currents and waves (Hurley and Ellis 2004 cited in MMS 2007). Regional and temporal
variations in physical oceanographic processes that determine the degree of initial dilution and waste
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suspension, dispersion, and drift, have a large influence on the potential zone of influence of discharged
drilling wastes. As noted above, most solids settle in a thin deposit within 100 m (328 ft) of the discharge.

Ice gouging occurs by sea ice grounding against the seafloor. The amount and effect of ice gouging
activity in the Area of Coverage is not well documented. However, a study in the Beaufort Sea shows that
ice gouging plays a greater role in the reworking of bottom sediments than depositional processes.
Reimnitz et al. (1977) found that portions of a study area experienced a complete reworking of sediments
to a depth of 20 cm (7.9 in) over a 50-year period. Ice gouging is not expected to play a substantial role in
the transport of sediments resulting from discharges authorized under the proposed Chukchi general
permit because of the ocean depth at the locations of the expected discharges.

In summary, large-scale physical transport of drilling discharges is not anticipated on the basis of the
conditions of the receiving environment and modeling predictions. EPA has determined that drilling
discharges associated with short-term exploration operations would have little effect on the environment
due to deposition of drilling-related materials on the seafloor.

6.2.3. Chemical Transport

Chemical processes related to drilling discharges are the dissolution of substances in seawater,
complexing of compounds that might remove them from the water column, redox/ionic changes, and
adsorption of dissolved pollutants on solids. Chemical transport of drilling fluids is not well described in
the literature. However, despite limitations in quantitative assessment, some studies of other related
materials suggest broad findings that are relevant to drilling fluids. Those studies show that chemical
transport will most likely occur through oxidation/reduction reactions in native sediments. And in
particular, changes in redox potentials will affect the speciation and physical distribution (i.e., sorption-
desorption reactions) of drilling fluid constituents.

6.2.4. Metals

Most research on chemical transport processes affecting offshore oil and gas discharges focuses on trace
metal and hydrocarbon components. The trace metals of interest in drilling fluids include barium,
chromium, lead, and zinc. The source of barium in drilling fluids is barite, which can contain several
metal contaminants, including arsenic, cadmium, lead, mercury, zinc, and other substances (Table 3-10).
Those trace metals are discussed below as they pertain to chemical transport processes.

Trace metal concentrations are elevated in the Chukchi Sea compared to those in the eastern Arctic
Ocean; it is thought that the naturally elevated concentrations are from Bering Sea water that passes
through the Chukchi Sea (MMS 2008).

Barite solubility in the ocean is controlled by the sulfate solubility equilibrium. And in particular, the
calculated saturation levels for barium sulfate in seawater range from concentrations of 40 to 60
micrograms per liter (ug/L) at temperatures from 34 to 75 °F (Houghton et al. 1981; Church and
Wolgemuth 1972). Background sulfate concentrations in seawater are generally high enough for
discharged barium sulfate to remain a precipitate and settle to the seafloor.

Kramer et al. (1980) and MacDonald (1982) found that seawater solubilities for trace metals associated
with powdered barite generally result in concentrations comparable to coastal ocean dissolved metal
levels. Exceptions were lead and zinc sulfides, which could be released at levels sufficient to raise
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concentrations in excess of ambient seawater levels. MacDonald (1982) found that less than 5 percent of
metals in the sulfide phase are released to seawater. Other trace metals are associated with the metal
sulfides inclusions in the barite solids (Neff 2008). Neff (2008) estimates partitioning coefficients (the
ratio of concentrations of a substance in two separate components of a mixture) for metals between barite
and seawater, which suggest that cadmium and zinc were the most soluble metals in seawater; however,
those metals were still relatively unavailable with the likelihood of the dissolved fraction being nearly 2.5
orders of magnitude more likely to be associated with barite solids than dissolved, therefore not available
for chemical transport.

Chromium discharged in drilling fluids is primarily adsorbed on clay and silt particles, although some
exists as a free complex with soluble organic compounds. Chromium is added to the drilling fluids system
predominantly in a trivalent state as chrome or ferrochrome lignosulfonate, or chrome-treated lignite. It
can also be added in a hexavalent state as a lignosulfonate extender, in the form of soluble chromates. The
hexavalent form is believed to be largely converted to the less toxic trivalent form by reducing conditions
downhole. The most probable environmental fate of trivalent chromium is precipitation as a hydroxide or
oxide at pH higher than 5. Transformation from trivalent to hexavalent chromium in natural waters is
likely only when there is a large excess of manganese dioxide. Simple oxidation by oxygen to the
hexavalent state is very slow and not significant in comparison with other processes (Shroeder and Lee
1975). As such, chromium, attached to clay and silt particles, will likely settle to the seafloor.

Dissolved metals tend to form insoluble complexes through adsorption on fine-grained suspended solids
and organic matter, both of which are efficient scavengers of trace metals and other contaminants.
Laboratory studies indicate that a majority of trace metals are associated with settleable solids smaller
than 8 micrometers (Houghton et al. 1981).

Trace metals, adsorbed to clay and silt particles and settling to the bottom, are subject to different
chemical conditions and processes than metals suspended in the water column. Absorbed metals can be in
a form available to bacteria and other organisms if at a clay lattice edge or at an adsorption site (Houghton
et al. 1981). If the sediments become anoxic, conversion of metals to insoluble sulfides is the most
probable reaction, and the metals are then removed from the water column. Metal sulfides are highly
insoluble; therefore, they are highly likely to remain as a solid precipitate. Metals can become more
bioavailable when ingested by benthic organisms. Digestive fluids in benthic organisms are a lower pH
than the surrounding seawater. Consequently, metal sulfides become more soluble, and the dissolved form
of the metal becomes available for uptake by aquatic organisms (Neff 2008). The discharges from oil and
gas exploration activities are short term and intermittent, and the majority of the trace metals are expected
to adsorb to fine sediment particles and settle on the seafloor.

6.2.5. Organics

Organic substances, such as oil and grease or petroleum hydrocarbons, are not expected to be present in
the marine environment as a result of discharges from oil and gas exploration activities. The Chukchi
general permit does not authorize discharges of free oil, requires treatment through an oil-water separator
for certain discharges, and prohibits discharges that create a visual sheen or that do not comply with the
static sheen test. The permit also establishes limits or monitoring requirements for all discharges,
prohibits discharges of drilling fluids and cuttings that do not meet the suspended particulate phase
toxicity testing requirements, and requires toxicity screening or WET testing, or both, of most discharges.
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6.3. CRITERION 3

The composition and vulnerability of the biological communities that might be exposed to
such pollutants, including the presence of unique species or communities of species, the
presence of species identified as endangered or threatened pursuant to the Endangered
Species Act, or the presence of those species critical to the structure or function of the
ecosystem, such as those important for the food chain.

Discharges authorized under the Chukchi general permit could produce either acute or chronic effects
through exposure either in the water column or in the benthic environment. The following discussion
addresses potential effects in the water column and the seafloor.

6.3.1. Water Column Effects

The solid component of drilling fluids, and cuttings would increase turbidity in the immediate vicinity of
the discharge across the entire water depth (from the outfall to the seafloor). As discussed in Section 3.6,
most cuttings would settle within approximately 100 m (328 ft), which is consistent with the area of the
mixing zone. Solids associated with the drilling fluids would settle a greater distance from the outfall;
depending on current speed, the thickest deposition of drilling fluids (0.4 mm [0.16 in]) can settle as far as
1,400 m (4,600 ft) from the discharge point. Increased water column turbidity from discharging drilling
fluids and cutting could affect the amount of sunlight available for photosynthetic activity by
phytoplankton. As discussed in Section 5.1, phytoplankton are free-floating organisms that form an
important component of the food chain. While the photosynthetic capacity of these organisms might be
reduced when passing through a discharge plume, the areal extent of the plume would be limited.
Likewise, time spent in the plume is brief (approximately 34 minutes with a current speed of 0.16 ft/sec).
Exposure to suspended sediments by salmonids could cause short- and long-term irritation to fish gills,
but fish can avoid the plume altogether (Bash et al. 2001). Again, the limited size of the plume, estimated
on the basis of a maximum discharge volumes from 42 exploration wells, in comparison to the Area of
Coverage would result in very limited, short-term exposure. Therefore, the effects of solids from the
discharges in the water column, estimated to be less than 0.01 percent, would not be expected to result in
unreasonable degradation of the resource.

Water quality in the water column would improve with increasing distance from the outfall. All
applicable acute and chronic water quality criteria would be expected to be met at the boundary of the
mixing zone. As shown in Table 6-1, several parameters exceed acute water quality criteria in the mixing
zone. The projected dissolved copper concentration at the discharge point is approximately 60 times the
acute criterion; that is the highest ratio of discharge concentration to criterion. However, because the
calculated copper concentration at the mixing zone boundary is more than 27 times lower than the
criterion, the actual area where the criterion is exceeded would be very small (within a few meters of the
discharge point). Because acute criteria are based on lethality over an extended period, the discharges
would not be expected to cause lethal effects on organisms passing through the mixing zone. As shown in
Table 6-1, the concentrations of some dissolved constituents can also exceed levels where chronic effects
could occur. However, like the acute criteria, the actual area where chronic criteria might be exceeded is
significantly less than the mixing zone. Chronic criteria are generally based on effects over 4 days of
continuous exposure to a discharge plume. Because the nature of drilling operations produce intermittent
discharges, conditions that could produce a 4-day exposure period are unlikely. As such, there is minimal
potential to cause chronic effects on passing organisms where the duration of exposure will be very
limited.
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Table 6-1. Modeled constituent concentrations at mixing zone boundary for drilling fluid
discharges

Estimated concentration after
mixing at 100 meters (edge of
mixing zone)
Case number
Water depth = | Water depth =
40m 50 m
Estimated . Discharge depth - 0.3 m,
dissolved Acute Marine rate — 1,000 bbl/hr
concentration at | Alaska Water c t d
Maximum the discharge | Quality Criteria| Chronic urren lspee
whole fluid point (AWQC) AWQC (cm/s)
Metal (ng/kg) (ng/L)? (ng/L) (ng/L) 40 40
Dilution (Dm) 1,600 1,600
Arsenic 7,100 58 69 36 0.036 0.036
Barium 359,747,000 2,122,507 NA NA 1,325.738 1,325.738
Cadmium 1,100 264 40 8.8 0.165 0.165
Chromium 240,000 15,360 1,100 50 9.594 9.594
Copper 18,700 281 4.8 3.1 0.176 0.176
Iron 15,344,300 7,365,264 NA NA 4,600.415 4,600.415
Lead 35,100 1,193 210 8.1 0.745 0.745
Mercury 100 6.4 1.8 0.94 0.004 0.004
Nickel 13,500 1,188 74 8.2 0.742 0.742
Zinc 200,500 1,123 90 81 0.701 0.701

Note:
? Dissolved metal concentrations estimated from maximum trace metal leach results for drilling fluid

6.3.2. Benthic Habitat Effects

Solids in the drilling waste discharges would accumulate on the seafloor with most settling within 100 m
(328 ft). As discussed in Section 3.6, the depths of the solids resulting from the discharge would vary
depending on currents and rates of discharge. They could affect fish with demersal eggs and would have
an adverse effect on benthic communities (algae, kelp, invertebrates) beneath the outfall.

While no specific demersal fish spawning locations have been identified anywhere in the Area of
Coverage, a number of important species, including most cottids and eelpout, produce demersal eggs.
Although unlikely during exploratory activities in the Area of Coverage because of the anticipated
emphasis on deeper offshore drilling sites, demersal eggs could be smothered if discharge in a spawning
area coincided with egg production. The potential of drilling fluids and cuttings to smother demersal fish
eggs would be limited because of the offshore location of the lease blocks covered by the Chukchi general
permit.

Lethal and sub-lethal adverse effects on benthic organisms would generally result from burial under the
rapidly accumulating sediments. Trannum et al. (2010) compared natural sediment deposition compared
to drill cuttings at similar levels and found reductions in the number of species, species abundance,
biomass, and diversity with increasing thickness of the cuttings. While the specific cause for the changes
was not identified, the authors suggest the cause as an increase in oxygen demand resulting from the
organic component (particularly glycol) in drilling fluids, or less likely, the effect of chemical toxicity or
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exposure to trace metals (Trannum et al. 2010). Similarly, Dunton et al. (2009) found that—after

20 years—benthic communities and sediment characteristics in areas affected by drill cuttings

generally resembled the surrounding area biologically and chemically; although, some study plots display
elevated concentrations of some metals. Another study on the recovery of benthic organisms following
exploration drilling found recovery likely to within 4 to 24 months after discharges ended (Currie and
Isaacs 2005).

The available literature indicates that benthic habitat effects are likely to occur in a limited area and that
the extent and durations of effects would be limited. The severity of the effect would reflect the
population of organisms in the prevailing current direction and the discharge rate, and distance between
the outfall and the seafloor.

Demersal- and bottom-feeding sea ducks and guillemots occur in dispersed flocks in the region and can
feed within the Area of Coverage. The areas affected by the discharges are within the depths reached in
the normal process of feeding by those species. On the basis of the limited size of the affected areas
compared to the entire Area of Coverage, relatively few birds are expected to feed on or rely specifically
on prey potentially affected by or buried by drilling discharges.

Walrus and gray whale are seasonal feeders in the Area of Coverage. Both of those species forage in the
benthic environment, with walrus creating troughs and gray whales creating pits in the seafloor (Nelson et
al. 1994). Combined, those species are responsible for large-scale disturbances of the seafloor and will
eventually feed through or within the sediments created by the authorized discharges. The consumption of
contaminated prey within the sediments could result in the ingestion of metals (i.e., cadmium or
chromium) by individual animals with bioaccumulated metals in their prey or present in the sediments
themselves. On the basis of past data and the discussion of bioaccumulation and persistence in Section 6.1
and of transport modes in Section 6.2, feeding in those areas is unlikely to result in any adverse effects on
those species, even at the individual animal level. However, additional monitoring on site-specific
exploratory drilling operations are needed to substantiate the past data.

6.3.3. Threatened and Endangered Species

Six threatened and endangered species occur in the Area of Coverage: two avian species (spectacled
eider, and Steller’s eider), three cetacean species (bowhead, fin, and humpback whales), and one
carnivore (polar bear). The potential effects on these species include behavioral changes resulting from
drilling noise, drilling support activities, and limited exposure to contaminants from preying on species
that might bioaccumulate contaminants. On the basis of the transient use of the area by those species, the
limited areal extent of the potential impacts in relation to the total lease area containing prey, and the
overall mobility of the species, significant adverse changes from oil and gas exploration would not be
anticipated. However, additional data is needed on the potential bioaccumulation of metals in benthic
communities.
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6.4. CRITERION 4

The importance of the receiving water area to the surrounding biological community,
including the presence of spawning sites, nursery/forage areas, migratory pathways, or areas
necessary for other functions or critical stages in the life cycle of an organism.

The Area of Coverage provides foraging habitat for a number of species including marine mammals and
birds. Bowhead whale migrations occur through the southeastern portions of the area by following open
water leads generally in the shear zone as they move from the Bering Sea to the Beaufort Sea in the
spring. Participants in traditional knowledge workshops in Point Lay noted a boundary between brown or
gray water and green water in which marine species travel and feed along the shoreline (SRB&A 2011).
The spring migration of bowhead whales would generally be over before the discharges begin, the earliest
of which would occur in July. Bowhead whales traverse back through the area in the fall at greater
distances from shore with their path crossing through the active leases (See Figure 6-1). Fish with
demersal eggs might spawn within the Area of Coverage; however, the spawning habits of resident fish
populations are not well known. A number of other habitats and biological communities exist outside the
Area of Coverage, primarily in the shallow and protected waters near the coast. Fin whales feed
throughout the Chukchi Sea during the summer months, although little is known about their migratory
pathways.

The ice patterns are a major determinant of the distribution of marine mammals in the Area of Coverage.
The importance of pack ice (which extends poleward), fast ice (which is attached to shore), and the flaw
zone (between the pack and fast ice) changes seasonally. Polar bear dens are found near fast ice and pack
ice. Fast ice provides optimum habitat for ringed seal lair construction and supports the most productive
pupping areas. Activities associated with the discharges would be limited to open-water seasons and
would not occur in the presence of fast ice.

Macroalgae, including kelp beds are important habitats for various fish species within the Area of
Coverage. Areas of concentrated macroalgal growth that have been identified include Skull Cliff and an
area approximately 25 km (13.5 nmi) southwest of Wainwright in water depths of 11 to 13 m (36 to

43 ft). Those areas are well outside the Area of Coverage and would not be affected by the discharge.

Larger river systems and estuaries provide important spawning and rearing areas for anadromous fishes.
Most marine species spawn in shallow coastal areas during the winter. The Kokolik, Utukok, Kukpowruk
and Kuk Rivers are known critical areas; however, they are outside the Area of Coverage.

Shallow coastal areas and offshore shoals provide rich benthic feeding habitat for gray whales. Kasegaluk
Lagoon and Peard Bay are used by beluga whales as calving and molting grounds; their population
concentrates in the Mackenzie River Estuary. Participants in traditional knowledge workshops in Point
Lay noted the importance of Omalik Lagoon for beluga whales for molting and rearing (SRB&A 2011).
Kaselagluk Lagoon is also a calving area for spotted seals, and walrus have been known to haul out in
large numbers along the lagoon’s entire length to Icy Cape (SRB&A 2011).

The coastal waters are primary habitat for nesting, molting, feeding, and resting activities of migratory
marine birds. Coastal tundra and delta areas are also important nesting areas for waterfowl. Eiders, terns,
gulls, and guillemots nest on barrier islands.
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Figure 6-1. Chukchi Sea oil and gas leases with seasonal bowhead whale migration routes.
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Designated critical habitat (molting areas) for spectacled eider in the Area of Coverage includes Ledyard
Bay within 40 nmi from shore (see Figure 6-2). The region surrounding Barrow has been identified as
being important to the survival and recovery of the Alaska-breeding population for Steller’s eiders;
however, that area is not designated as critical habitat. Designated habitat for polar bear also occurs
within the area of coverage (see Figure 6-2).

On the basis of the short-term and intermittent nature of the discharges, the permit requirements and
controls placed on the permittees, the locations of the sensitive biological communities outside the Area
of Coverage, EPA anticipates that the discharges would not affect the functions or critical stages of the
marine organisms.

6.5. CRITERION 5

The existence of special aquatic sites including, but not limited to, marine sanctuaries and
refuges, parks, national and historic monuments, national seashores, wilderness areas, and
coral reefs.

No marine sanctuaries or other special aquatic sites, as defined by 40 CFR 125.122, are in or adjacent to
the Area of Coverage. The nearest special aquatic site—the Alaska Maritime National Wildlife Refuge
(Chukchi Unit)—is approximately 60 mi to the southeast. The refuge provides habitat to a number of
Arctic seabird species and encompasses shoreline areas from south of Cape Thompson to Cape Lisburne.
A portion of the refuge also extends southwest from Barrow through Peard Bay. No other marine
sanctuaries or other special aquatic sites are known to be in or adjacent to the Area of Coverage.

On the basis of criteria 1, 2, and 3 (Sections 6.1, 6.2, and 6.3), the refuge would not be affected by
authorized discharges.

6.6. CRITERION 6

The potential impacts on human health through direct and indirect pathways.

Human health within the North Slope Borough is directly related to the subsistence lifestyle practiced by
the residents of the villages that occur along the Chukchi Sea coast. In addition to providing a food
source, subsistence activities support important cultural and social connections. While a wide variety of
species are harvested, marine mammals compose an essential part of the diet, providing micronutrients,
omega-3 fatty acids, and anti-inflammatory substances (MMS 2008). A number of studies have
documented the increase in adverse health effects with the reduction in subsistence foods and subsequent
increases in store-bought food. Under those circumstances, residents of the communities demonstrate
increase risks of metabolic disorders, including hypertension, diabetes, and high cholesterol (MMS 2008).

Figure 6-3, Figure 6-4, Figure 6-5, and Figure 6-6 illustrate the subsistence use areas for marine resources
for the villages of Point Hope, Point Lay, Wainwright, and Barrow, respectively. The Area of Coverage
includes portions of use areas for both Wainwright and Barrow, although all the existing lease areas are
outside the use area boundaries. However, discharges outside the use areas do not preclude the possibility
of effects on subsistence resources. For example, during subsistence interviews in Point Lay, one
participant indicated that drilling activities in the 1980s resulted in the ocean turning brown over a large
area (“the whole ocean”) (SRB&A 2011).
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Figure 6-6. Barrow subsistence use areas for marine resources.
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Exposure to contaminants through consumption of subsistence foods and through other environmental
pathways is a well-documented concern. Concern has also been expressed over animals swimming
through domestic or sanitary wastes and discharge plumes containing drilling fluids, cuttings, and other
effluent (SRB&A 2011). Concerns have also been voiced about krill and other small species taking up
drilling fluids and then passing contaminants up the food chain (SRB&A 2011)

Domestic and sanitary discharges account for a very small proportion of the overall discharge volume and
are treated using MSDs (Section 3 summarizes the discharges). Those discharges would essentially be
undetectable beyond the mixing zone. Species of interest from a subsistence standpoint are expected to
spend minimal amounts of time, if any, in the mixing zone because of its relatively small size and the
proximity of the outfall to the drilling operations. On the basis of details presented in the preceding
discussions on the effects of drilling fluids and cuttings, including those on bioaccumulation, persistence,
and effects on biological resources, the discharges under the Chukchi general permit are unlikely to create
pathways that could result in direct or indirect impacts. However, additional monitoring on site-specific
exploratory drilling operations are needed to substantiate past data regarding potential bioaccumulation
effects in benthic communities. The Chukchi general permit requires environmental monitoring at each
drill site to add to existing data sets.

Community members from four North Slope villages provided traditional knowledge observations and
comments about nearshore physical and biological habitats, marine resources, and subsistence use areas.
Community members also shared their concerns about the potential effects of oil and gas related
discharges to subsistence areas. Those concerns fell into several broad categories: (1) effects of
discharges on the health and availability of marine resources (e.g., marine mammals); (2) ramifications of
multiple stressors, including discharges, on the sustainability of the subsistence areas and potential effects
within the food chain; (3) whether EPA would adopt a zero-discharge policy regarding potentially
harmful discharges; and (4) how EPA would monitor potential marine impacts resulting from exploration
facilities operating under the Chukchi general permit. A number of participants called for the permit to
require zero discharge of effluent; others suggested that the permit prohibit discharges within 25 mi of the
shoreline to adequately protect subsistence resources (SRB&A 2011). EPA is adding several permit
provisions to address community concerns and input.

EPA acknowledges the importance of clearly articulating the risk related to the discharges as even the
perception of contamination could produce an adverse effect by causing hunters to avoid harvesting some
species or from some areas. Local understanding about drilling activities might result in reduced
consumption of subsistence resources. Reduction in the harvest or consumption of subsistence resources
could produce an adverse effect on human health. However, considering the nature of the discharges, the
effluent limitations, treatment requirements, the environmental monitoring programs required at each
drilling site, the discharges authorized under the Chukchi general permit are not anticipated to pose a
threat to human health.

6-22 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012



6.7. CRITERION 7

Existing or potential recreational and commercial fishing, including finfishing and
shellfishing.

The Arctic Management Area, as it pertains to fisheries management, covers the Chukchi and Beaufort
Seas from the Bering Strait north and east to the Canadian border (NPFMC 2009). The Northwest Pacific
Fishery Management Council developed a fisheries management plan (FMP) for fish resources in the
Arctic Management Area in 2009. The FMP governs all commercial fishing including finfish, shellfish,
and other marine resources with the exception of Pacific salmon and Pacific halibut (NPFMC 2009). The
policy prohibits commercial fishing in the area until sufficient information is available to enable a
sustainable commercial fishery to proceed (74 FR 56734). The FMPs applicable to salmon and Pacific
halibut fisheries likewise prohibit the harvest of those species within the Arctic Management Area.
Amendment 29 of the Bering Sea/Aleutian Islands King and Tanner Crabs FMP prohibits the harvest of
crabs in the area as well (74 FR 56734). Because commercial fishing is not permitted in the area, that
aspect of Criterion 7 would not be affected by the discharges authorized under the permit.

Subsistence fishing, defined as, “noncommercial, long-term, customary and traditional use necessary to
maintain the life of the taker or those who depend upon the taker to provide them with such subsistence,”
is not affected by the FMP (50CFR216). The most recent subsistence data (ADF&G Subsistence
Community Profile Database) for North Slope Borough communities indicate that subsistence fishing
occurred in the past (and might be ongoing) with the harvest of salmon species, flounder, cod, and smelt.
Because of the danger associated with transiting the distances between shore and the location of the
discharges, subsistence fishing is not expected to be directly affected by the discharges. As illustrated in
Figure 6-5 and Figure 6-6, the Area of Coverage overlaps subsistence use areas for Barrow and
Wainwright, although existing leases are more than 25 mi from the use areas. Considering that the
discharges would meet federal water quality objectives for metals, organics, and temperature at the edge
of the mixing zone and along with the findings presented for criteria 1 through 4, EPA does not anticipate
significant adverse direct or indirect effects resulting from the authorized discharges on subsistence
fishing.

6.8. CRITERION 8

Any applicable requirements of an approved Coastal Zone Management Plan.

The Alaska Coastal Management Program expired on June 30, 2011 by operation of Alaska Statutes
44.66.020 and 44.66.030. As of July 1, 2011, there is no longer an approved Coastal Zone Management
Act (CZMA) program in Alaska. Because a federally approved CZMA program must be administered by
a state, the National Oceanic and Atmospheric Administration withdrew the Alaska Coastal Management
Program from the National Coastal Management Program. See 76 FR 39,857 (July 7, 2011). As a result,
the CZMA consistency provisions at 16 U.S.C. 1456(c)(3) and 15 CFR Part 930 no longer apply in
Alaska. Accordingly, federal agencies are no longer required to provide Alaska with CZMA consistency
determinations.
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6.9. CRITERION 9

Such other factors relating to the effects of the discharge as may be appropriate.

EPA has determined that the discharges authorized by the Chukchi general permit would not have a
disproportionately high and adverse human health or environmental effects with respect to the discharge
of pollutants on minority or low-income populations living on the North Slope, including coastal
communities near the proposed exploratory operations. In making that determination, EPA considered the
potential effects of the discharges on the communities, including subsistence areas, and the marine
environment. EPA’s evaluation and determinations are discussed in more detail in the Environmental
Justice Analysis, which are included in the administrative record for the permit action.

Executive Order 12898 titled, Federal Actions to Address Environmental Justice in Minority Populations
and Low-Income Populations states, in part, that “each Federal agency shall make achieving
environmental justices part of its mission by identifying and addressing, as appropriate,
disproportionately high and adverse human health or environmental effects of its programs, policies, and
activities on minority populations and low-income populations . . . .” The order also provides that federal
agencies are required to implement the order consistent with and to the extent permitted by existing law.
Also, in May 2009 EPA Region 10 adopted its North Slope Communications Protocol: Communications
Guidelines to Support Meaningful Involvement of the North Slope Communities in EPA Decision-Making.
Consistent with the order and EPA policies, EPA implemented a robust tribal outreach and involvement
process that is described in detail in the Environmental Justice Analysis in the administrative record for
the permit action.

The Chukchi general permit implements existing water pollution prevention and control requirements,
including applicable water quality standards, to ensure compliance with applicable CWA requirements,
including the prevention of unreasonable degradation to the marine environment. As discussed in detail in
this ODCE document, EPA evaluates the potential for significant adverse changes in ecosystem diversity,
productivity and stability of the biological communities in the Area of Coverage and surrounding
biological communities.

The ODCE also evaluates the threat to human health through the direct physical exposure to discharged
pollutants and indirectly through consumption of exposed aquatic organisms in the food chain. EPA
acknowledges that human health within the communities near the Area of Coverage is directly related to
the subsistence way of life practiced by many residents of the communities. Additionally, EPA
acknowledges that those subsistence areas and related subsistence activities provide food and support
important cultural and social connections within the communities. EPA understands the importance of
clearly articulating the potential risks associated with the authorized discharges because even the
perception of contamination might produce an adverse effect by causing subsistence hunters to avoid
harvesting some marine species or avoid hunting in some areas. EPA solicited and considered the
information obtained from residents and participants in the traditional knowledge workshops related to
those important factors. The factors were a part of the overall evaluation framework of the entire ODCE
and permit development process.

As a result of EPA’s evaluations, additional changes were made to the Chukchi general permit as
precautionary measures to ensure that no unreasonable degradation occurs during the anticipated
exploratory drilling activities. The general permit imposes a robust environmental monitoring program to
gather relevant information about potential effects of the discharges to Alaska’s Arctic waters.
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Additionally, EPA has the authority to make modifications or revoke permit coverages if the threat of
unreasonable degradation, from the wastewater discharges, were to occur. The environmental monitoring
program is also designed to obtain additional information that can be used in ongoing surveillance of
permitted activities and in future permit decisions.

EPA carefully considered the potential environmental justice impacts related to the Chukchi general
permit’s authorized discharges, especially the potential for disproportionate effects on communities and
residents that engage in subsistence activities. EPA has determined that discharges authorized by the
Chukchi general permit will not cause unreasonable degradation of the marine environment. EPA
therefore determines that there will not be disproportionately high and adverse human health or
environmental effects with respect to the discharges on minority or low-income populations residing on
the North Slope and near the Area of Coverage.

6.10. CRITERION 10
Marine water quality criteria developed pursuant to CWA section 304(a)(1)

Parameters of concern for effects on water quality in discharges from oil and gas exploration activities
include fecal coliform bacteria, metals, oil and grease, temperature, chlorine, turbidity, TSS, and
settleable solids. EPA has promulgated recommended marine criteria (objectives) pursuant to CWA
section 304(a)(1). Current criteria are summarized in tabular form at
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/index.cfm. This ODCE evaluates
discharges to the Chukchi Sea authorized under the Chukchi general permit in reference to those criteria,
with consideration of the dilution that would be provided at the edge of a 100-m mixing zone. The
following discussion addresses each parameter.

6.10.1. Oil and Grease

Because of the nature of oil and gas exploration activities, discharges of oil and grease are of concern to
water quality. Applicable water quality standards for oil and grease state, “Levels of oils or
petrochemicals in the sediment which cause deleterious effects to the biota should not be allowed; and
surface waters shall be virtually free from floating nonpetroleum oils of vegetable or animal origin, as
well as petroleum derived oils.”

For oil and grease, the permit contains requirements that prohibit the discharges if oil is detected through
a static sheen test or visual observations (or both) detect a sheen. Furthermore, the permit requires
treatment of certain discharges, such as deck drainage and ballast water, through the oil-water separator
before discharge. Therefore, the water quality criterion for oil and grease is expected to be met.

6.10.2. Fecal Coliform Bacteria

Fecal coliform bacteria in discharges of sanitary wastewater are of concern for water quality. The permit
contains effluent limitations for fecal coliform that are based on best professional judgment for discharges
of sanitary waste. MSDs are required at 33 CFR Part 159 to achieve standards for effluents such that the
maximum count for fecal coliform is 200 Most Probable Number per 100 milliliters (MPN/100 mL).
Those effluent limitations are technology-based limitations based on the level of treatment possible
through the use of MSDs. Because of the level of dilution provided by the Chukchi Sea at the edge of the
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mixing zone, the effluent limitations are expected to be protective of the water quality objectives of the
waterbody.

6.10.3. Metals

Metals are present in drilling fluids and other authorized discharges and are therefore a concern for effects
on water quality in such discharges. Because of their volume, drilling fluids are the largest potential
source metals associated with oil and gas exploration activities. The source of metals in drilling fluids is
barite; the characteristics of raw barite will determine the concentrations of metals found in the drilling
fluid. To control the concentration of heavy metals in drilling fluids, EPA promulgated limitations for
cadmium and mercury in stock barite. Barite containing no (or low levels) of cadmium and mercury is
available and used as a matter of routine in the industry. Metals concentrations in discharges including
drilling fluids and cuttings are therefore expected to also meet water quality criteria.

6.10.4. Temperature

The permit authorizes discharges of non-contact cooling water, which is elevated in temperature to the
temperature of the receiving water body. Notices of intent provided under the previous permit indicate
that at least some dischargers would use the approach of cycling large volumes of water through their
cooling systems. The result of using larger volumes of water is a smaller temperature difference between
influent and effluent temperatures. The alternative is to employ smaller volumes of cooling water that
generates a greater difference between the influent and effluent temperatures. In either case, dilution
modeling indicates that at the edge of the 100-m mixing zone, complete mixing will have occurred and
the temperature of the discharge will not exceed any temperature water quality objectives.

6.10.5. Chlorine

Chlorine is a parameter of concern because it is used to disinfect sanitary effluent. The applicable effluent
limitation guidelines require that discharges of sanitary effluent from facilities that are continuously
manned by 10 or more people (such as the facilities covered under the Chukchi general permit) meet the
effluent limitation of 1 mg/L as the maximum daily limit (the highest allowable daily discharge) for
residual chlorine, which should be maintained as close as possible to this concentration. The Chukchi
general permit contains the daily maximum limitation, and it contains an average monthly limitation (the
highest allowable average of daily discharges over a calendar month) of 0.5 mg/L, which limits the long-
term average to concentrations that, at the edge of the 100-m mixing zone, are expected to meet
applicable water quality objectives.

6.10.6. Turbidity, TSS, and Settleable Solids

Discharges of drilling fluids, and discharges of sanitary effluent are expected to contain settleable solids
and TSS, which contribute to turbidity. The proposed Chukchi general permit contains maximum daily
and average monthly effluent limitations for TSS according to secondary treatment standards for
discharges of sanitary effluent, according to best professional judgment. The permit also contains an
effluent toxicity limitation for suspended particulate phase material in discharges of water-based drilling
fluids and cuttings. Those effluent limitations are expected to also be protective of water quality at the
edge of the 100-m mixing zone.
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Because of the effluent limitations in the permit for parameters of concern, it is expected that all water
quality objectives will be met at the edge of the 100-m mixing zone.

6.11. Determinations and Conclusions

EPA has evaluated the 13 proposed discharges for the Chukchi general permit against the ODC. On the
basis of the EPA’s evaluation of each of the 10 ODC, EPA concludes that the proposed discharges will
not cause unreasonable degradation to the marine environment under the terms and conditions in the
Chukchi general permit.

The permit conditions, limitations, and requirements will ensure that the discharges will not cause
unreasonable degradation.

With regard to the drilling fluids and drill cuttings discharge, this ODCE identifies recent studies that
show that trace metals commonly associated with barite-based WBFs are not readily absorbed by living
organisms. See for example, Section 6.1.4. In addition, data suggest that bioaccumulation risks are
expected to be low because the bioavailability of trace metals in drilling fluid components (i.e., barite) is
low. See Section 6.1.2. Furthermore, another study shows that amphipods exposed to metals that are
bioavailable will accumulate small amounts of copper and lead; but copper and lead levels are quickly
reduced in those individual amphipods exposed to 12 hours of seawater without elevated metal
concentrations. Other studies show that bioaccumulation of barium and chromium can occur in benthic
organisms; but pollutant accumulation decreases once organisms are removed from the contamination
source. See Section 6.1.4. Together, those studies suggest that bioaccumulation of trace metals from
WBFs is low and reversible. See Section 6.1.

EPA is concerned about human exposure to contaminants through consumption of subsistence foods and
through other environmental pathways. EPA acknowledges the importance of assessing and clearly
articulating the risk related to discharging drilling fluids and cuttings because even the perception of
contamination could produce adverse effects on subsistence hunters and their practices. To address those
uncertainties, EPA will require additional information to be collected and evaluated to assess the potential
bioaccumulation of metals in benthic communities and other potential bioaccumulation effects.

EPA is also concerned about the potential changes in the behavior of subsistence-related marine
resources, i.e., their avoidance of drilling discharges and deflection from traditional migratory paths might
result in adverse effects on subsistence communities. For example, if the subsistence-related marine
resources move farther away from subsistence-based communities, there is the potential for increased
risks to hunter safety because of the additional time and farther distances traveled offshore in pursuit of
the marine resources. Likewise, deflection of subsistence-related marine resources could reduce
subsistence harvest and reduced consumption of subsistence resources, which could cause adverse effects
on human health. To address those uncertainties, EPA will require additional information to be collected
and evaluated to assess the potential deflection and avoidance effects on marine resources during periods
of high levels of discharging drilling fluids, drill cuttings, and non-contacting cooling water.

While increased sedimentation from drilling fluids and cuttings can affect benthic organisms in the
discharge area, the effects are limited to the small discharge area encircling each well (100-m radius) and
have been shown to have few long-term impacts. Several studies document the resilience of affected
benthic communities in reestablishing affected areas within months after discharges cease. Also, other
studies of former offshore drilling locations show that trace metal concentrations in seafloor sediment are

ODCE for Chukchi Sea NPDES General Permit 6-27
Draft — January 2012



not persistent, and decrease to levels below risk-based sediment guideline concentrations. See Section
6.3.2. Finally, because discharges from exploratory facilities are relatively short in duration and
intermittent during drilling operations, long-term widespread impacts are not anticipated.

These studies demonstrate that discharge of drilling fluids and cuttings will not result in an unreasonable
degradation of the marine environment during or after discharge activities.

With regard to the non-contact cooling water discharge, available data show that operators use either large
or small volumes of water through their cooling systems, which result in effluent streams with distinct
temperature signature: large volumes result in a lower temperature differential as compared with ambient
conditions, and small volumes have a higher temperature differential. Under either scenario, this ODCE
does not identify any acute or chronic effects of such temperature differences. Thermal plumes from the
discharge of non-contact cooling water will disburse and disappear quickly after the discharges cease.

In addition, the ODCE does not identify any overlap of subsistence use areas with current leased areas.
Current leased areas are miles (e.g., more than 30 mi) from identified subsistence use areas. See Figure
6-3, Figure 6-4, Figure 6-5 and Figure 6-6. In addition, none of the NOIs received from three operators
show lease blocks identified for potential drilling within subsistence use area. On the basis of available
information, it is unlikely that any subsistence hunting would occur within 30 mi of any exploratory
facility’s discharges. Discharge of non-contact cooling water will not result in an unreasonable
degradation to the marine environment after discharge activities cease.

The Chukchi general permit requires permittees to implement an environmental monitoring program and
other conditions that assesses the site-specific impacts of the discharges on water, sediment, and
biological quality. The monitoring program includes assessments of pre-, during, and post-drilling
conditions and evaluation of potential bioaccumulative and persistent impacts of drilling fluids/cuttings
discharge on aquatic life. Permittees are required to assess the areal extent of cuttings deposition and
conduct ambient measurements including temperature and turbidity measurements. Permittees are also
required to assess the potential for any marine resource deflection during periods of high discharge. Those
additional permit conditions will assist EPA in determining whether and to what extent further limitations
are necessary to ensure that the discharges do not cause unreasonable degradation.

Finally, the Chukchi general permit will be conditioned to ensure that EPA can modify or revoke permit
coverage at any time if, on the basis of any new data, EPA determines that continued discharges might
cause unreasonable degradation of the marine environment. That permit condition is included in the
Chukchi general permit in accordance with 40 CFR 125.123(d)(4). Accordingly, EPA will be able to
assess new data that is submitted in the required annual report for each operator as a means to continually
monitor potential effects on the marine environment and to take precautionary actions that ensure no
unreasonable degradation occurs during the permit term.

6-28 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012



7. BIBLIOGRAPHY

ACIA (Arctic Climate Impact Assessment). 2005. Arctic Climate Impact Assessment. Cambridge
University Press, Cambridge, UK.

ACS (American Cetacean Society). 2004. American Cetacean Society fact sheet: Bowhead whale. March
2004. <http://www.acsonline.org/factpack/bowheadWhale/bowhead-whale.pdf>. Accessed
November 15, 2010.

ADF&G (Alaska Department of Fish and Game). 1994. ADF &G wildlife notebook series (with 1999 and
2003 updates for some species). <http://www.adfg.state.ak.us/pubs/notebook/notehome.php>.
Accessed November 15, 2010.

. 2010. ADF &G wildlife notebook series.
<http://www.adfg.state.ak.us/pubs/notebook/fish/whitfish.php>. Accessed November 15, 2010.

ADNR (Alaska Department of Natural Resources). 1999. Five-year oil and gas leasing program. Alaska
Department of Natural Resources, Division of Oil and Gas, Anchorage, AK. July 15, 1999.

. 2009. Beaufort Seas Areawide Oil and Gas Lease Sale: Final Finding of the Director, Chapter 4.
Alaska Department of Natural Resources, Division of Oil and Gas, Anchorage, AK. November 9,
20009.

Allen, B.M., and R.P Angliss. 2010. Alaska Marine Mammal Stock Assessments, 2009. NOAA TM
NMFS-AFSC-206. USDOC, National Oceanic and Atmospheric Administration, National Marine
Fisheries Service, Alaska Fisheries Science Center, Seattle, WA.

Amstrup, S.C., G.M. Durner, and T.L. McDonald. 2000. Estimating Potential Effects of Hypothetical Oil
Spills from the Liberty Oil Production Island on Polar Bears. Anchorage, AK: U.S. Geological
Survey, Biological Resource Div., 42 pp.

Amstrup, S.C., L. Stirling, T.S. Smith, C. Perham, and G.W. Thiemann. 2006. Recent observations of
intraspecific predation and cannibalism among polar bears in the southern Beaufort Sea. Polar
Biology. Electronic paper. doi:10.1007/s00300-006-0142-5. 6 pages.

Angliss, R.P., and R.B. Outlaw. 2008. Alaska Marine Mammal Stock Assessments, 2007. NOAA TM
NMFS-AFSC-180. Seattle, WA: USDOC, National Oceanic and Atmospheric Administration,
National Marine Fisheries Service, Alaska Fisheries Science Center.

Armstrong, R.H., and M. Hermans. 1980. Dolly Varden (Salvelinus malma). Chapter 8.8 in Southeast
Alaska Conservation Assessment.
<conserveonline.org/workspaces/akcfm/pdfs/8.8 DollyVarden.pdf >. Accessed November 15,
2010.

Ashjian, C.J., S.R. Braund, R.G. Campbell, C. George, J.A. Kruse, S.E. Moore, C.R. Nicolson, S.T.
Okkonen, B.F. Sherr, and E.B. Sherr. 2007. Environmental variability relative to bowhead whale
distribution and prey availability near Barrow, Alaska. Abstract. In Proceedings of the Alaska
Marine Science Symposium, Anchorage, AK., January 21-24, 2007.University of Alaska,
Fairbanks, Institute of Marine Science, Fairbanks, AK.

ODCE for Chukchi Sea NPDES General Permit 7-1
Draft — January 2012


http://www.acsonline.org/factpack/bowheadWhale/bowhead-whale.pdf
http://www.adfg.state.ak.us/pubs/notebook/notehome.php
http://www.adfg.state.ak.us/pubs/notebook/fish/whitfish.php

Avanti Corporation. 1993. Environmental Analysis of the Final Effluent Guideline, Offshore Subcategory,
Oil and Gas Industry: Volume I — Modeled Impacts. Prepared for U.S. Environmental Protection
Agency, Office of Science and Technology, Standards and Applied Science Division,
Washington, DC. January 14, 1993.

Bash, J., C. Berman, and S. Bolton. 2001. Effects of Turbidity and Suspended Solids on Salmonids.
University of Washington, Center for Streamside Studies, Seattle.

Battelle Memorial Institute, Exponent, Florida Institute of Technology, and Neff & Associates. 2010.
Environmental studies in the Chukchi Sea 2008 Chemical characterization, Volume 1. Prepared
by Batelle Memorial Institute, Exponent, Florida Institute of Technology and Neff & Associated
for Conoco Phillips and Shell Exploration and Production. August 2010.

Bengtson, J.L., L.M. Hiruki-Raring, M.A. Simpkins, and P.L. Boveng. 2005. Ringed and bearded seal
densities in the eastern Chukchi Sea, 1999-2000. Polar Biol. 28:833-845.

Berger, B.D., and K.E. Anderson. 1992. Modern Petroleum—A Basic Primer of the Industry, Third
Edition. PennWell Publishing Company, Tulsa, OK.

BOEMRE (Bureau of Ocean Energy Management, Regulation and Enforcement). 2008. Beaufort Sea and
Chukchi Sea Planning Areas Oil and Gas Lease Sales 209, 212, 217, and 221 Draft
Environmental Impact Statement (OCS Report MMS 20080055. U.S. Department of the Interior,
Minerals Management Service, Alaska OCS Region.

. 2010. Alaska OCS Region Chukchi Sea Planning Area Oil and Gas Lease Sale 193 in the
Chukchi Sea, Alaska Draft Supplemental Environmental Impact Statement.

Bonnell, M.L., and M.D. Dailey. 1993 Marine mammals, 604-681. In Ecology of the Southern California
Bight, ed. M.D. Dailey, D.J. Reish, and J.W. Anderson,. University of California Press, CA.

Boveng, P.L., J.L.. Bengtson, T.W. Buckley, M.F. Cameron, S.P. Dahle, B.A. Megrey, J.E. Overland, and
N.J. Williamson. 2008. Status review of the ribbon seal. Technical Memorandum NMFS-AFSC-
191. U.S. Department of Commerce, National Oceanic and Atmospheric Administration.

Boveng, P.L., J.L. Bengtson, T.W. Buckley, M.F. Cameron, S.P. Dahle, B.P. Kelly, B.A. Megrey, J.E.
Overland, and N.J. Williamson. 2009. Status review of the spotted seal (Phoca largha). Tech.
Memo NMFS-AFSC-200. U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, 153 p.

Bradstreet, M.S.W., D.H. Thomson, and D.B. Fissel. 1987. Zooplankton and bowhead whale feeding in
the Canadian Beaufort Sea, 1986. In Environ. Stud. No. 50. Canada Department. Indian Affairs
and Northern Development, Ottawa.

Braham, H.W. 1984a. The bowhead whale, Balaena mysticetus. Marine Fisheries Review 46(4):45-53.

. 1984b. Distribution and Migration of Gray Whales in Alaska. In The Gray Whale, ed. M.L.
Jones, S.L. Swartz, and S. Leatherwood. Academic Press, Orlando, FL, pp. 249-266.

Braham, H.W., M.A. Fraker, and B.D. Krogman. 1980. Spring migration of the western Arctic population
of bowhead whales. Marine Fisheries Review 42(9—10):36—46.

7-2 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012



Braun, G.M. 1985. The structure of an Arctic shallow benthic community: Effects of ice gouging. Masters
thesis. Oregon State University. 119 pp.

Broad, A.C. 1979. Environmental assessment of selected habitats in the Beaufort and Chukchi littoral
systems. pp. 36 1-544. In Environmental Assessment of the Alaskan Continental Shelf. Annual
reports of principal investigators for the year ending March 1979. Volume III: Receptors.
National Oceanic and Atmospheric Administration/Bureau of Land Management, Boulder, CO.

Broad, A.C., H. Koch, D.T. Mason, D.M. Petri, D.E. Schneider, and E.J. Taylor. 1978. Environmental
assessment of selected habitats in the Beaufort Sea littoral system. In Environmental Assessment
of the Alaskan Continental Shelf. Annual reports of principal investigators for the year ending
March 1978. National Oceanic and Atmospheric Administration, OCSEAP, Boulder, CO.

BLM (Bureau of Land Management). 1978a. National Petroleum Reserve (NPR) A 105(c) Values and
Resource Analysis. Vol. 3, Study Report 2. U.S. Department of the Interior, Bureau of Land
Management, NPR-A Task Force, Anchorage, AK. 224 pp.

. 1978b. National Petroleum Reserve (NPR) A 105(c) Land Use Study, Socioeconomic Profile.
Study Report 3. U.S. Department of the Interior, Bureau of Land Management, NPR-A Task
Force, Anchorage, AK.

Burns, J.J. 1967. The Pacific bearded seal. Alaska Dep. Fish and Game, Pittman-Robertson Proj. Rep. W-
6-R and W-14-R. 66 pp.

. 1981. Bearded seal-Erignathus barbatus Erxleben, 1777. Pp. 145-170 In Handbook of Marine
Mammals, vol. 2. Seals, ed. S.H. Ridgway and R.J. Harrison. Academic Press, New York.

Burns, J.J., and G.A. Seaman. 1985. Investigations of Belukha whales in coastal waters of western and
northern Alaska: 11. Biology and ecology. Prepared for U.S. Dep. Commerce, National Oceanic
and Atmospheric Administration, Natl. Ocean Sew., Anchorage, AK, contract NAS1RAC00049.
Alaska Department of Fish and Game, Fairbanks.

CBD (Center for Biological Diversity). 2004. Petition to List the Yellow-Billed Loon, Gavia adamsii, as
an Endangered or Threatened Species under the Endangered Species Act, March 30, 2004. Center
for Biological Diversity, Sitka, AK.

Choof, B. 1991, October 3. Personal communication (phone by Mr. Tad Deshler, Tetra Tech, Inc.,
Redmond, WA). Minerals Management Service, Anchorage, AK..

Church, T., and K. Wolgemuth. 1972. Marine barite saturation. Earth and Planetary Science Letters
15:35-44.

Craig, P.C. 1984. Fish use of coastal waters of the Alaskan Beaufort Sea: A review. Transactions of the
American Fisheries Society 113:265-282.

. 1987. Subsistence Fisheries at Coastal Villages in the Alaskan Arctic, 1970-1986. Technical
Report 129. U.S. Department of the Interior, Minerals Management Service, Alaska OCS Region,
Anchorage, AK.

Craig, P.C., and L. Haldorson. 1986. Pacific Salmon in the North American Arctic. Arctic 39(1):2-7.

ODCE for Chukchi Sea NPDES General Permit 7-3
Draft — January 2012



Crecelius, E., J. Trefry, J. McKinley, B. Lasorsa, and R. Trocine. 2007. Study of barite solubility and the
release of trace compounds to the marine environment. Prepared for U.S. Department of the
Interior, Minerals Management Service, Gulf Coast OCS Region by Battelle Marine Sciences
Laboratory, Sequim WA.

Currie, D.R. and L.R. Isaacs. 2005. Impact of exploratory offshore drilling on benthic communities in the
Minerva gas fields, Port Campbell, Australia. Marine Environmental Research 59 (2005):217—
233.

Dalton, Dalton, and Newport. 1985. Assessment of Environmental Fate and Effects of Discharges from
Offshore Oil and Gas Operations. Dalton Dalton and Newport, Shaker Heights, OH, under EPA
Contract No. 68-01-6195; amended by Technical Resources, Inc., Rockville, MD, under EPA
Contract 68-01-6185. March 1985.

Dau, C., and W.W. Larned. 2005. Aerial population survey of common eiders and other waterbirds in
near shore waters and along barrier islands of the Arctic Coastal Plain of Alaska, 24-27 June
2005. Unpublished report. U.S. Fish and Wildlife Service, Anchorage, AK. 19 pp.

. 2006. Aerial population survey of common eiders and other waterbirds in near shore waters and
along barrier islands of the Arctic Coastal Plain of Alaska, 25-27 June 2006. Unpublished report.
U.S. Fish and Wildlife Service, Anchorage, AK. 19 pp.

. 2007. Aerial population survey of common eiders and other waterbirds in near shore waters and
along barrier islands of the Arctic Coastal Plain of Alaska, 22-24 June 2007. Unpublished report.
U.S. Fish and Wildlife Service, Anchorage, AK. 18 pp.

Derocher, A.E., N.J. Lunn, and L. Stirling. 2004. Polar bears in a warming climate. Integrative and
Comparative Biology 44:163-176.

Dunton, K.H., E. Reimnitz, and S. Schonberg. 1982. An Arctic kelp community in the Alaskan Beaufort
Sea. Arctic 35:465-484.

Dunton, K., S. Schonberg, and N. McTigue. 2009. Characterization of benthic habitats in Camden Bay
(Sivulliq Prospect and Hammerhead Drill Sites), Beaufort Sea Alaska. Prepared for Shell Alaska,
July 2009.

Durner, G.M., D.C. Douglas, R.M. Nielson, and S.C. Amstrup. 2006. Model for Autumn Pelagic
Distribution of Adult Female Polar Bears in the Chukchi Seas, 1987—1994. Prepared for U.S.
Fish and Wildlife Service, by U.S. Geological Survey Alaska Science Center, Anchorage, AK.

Earnst, S.L., R.A. Stehn, R.M. Platte, W.W. Larned, and E.J. Mallek. 2005. Population Size and Trend of
Yellow-Billed Loons in Northern Alaska. The Condor 107:289-304.

Environmental Health and Safety. 2009. Material Safety Data Sheet — Ethylene Glycol. Mallinckrodt
Baker, Inc., Phillipsburg, NJ.

Fay, F.H. 1982. Ecology and Biology of the Pacific Walrus, Odobenus rosmarus divergens Illiger. North
American Fauna (74). U.S. Department of the Interior, U.S. Fish and Wildlife Service, 277 pp.

7-4 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012



Fay, F.H., L.L. Eberhardt, B.P. Kelly, J.J. Burns, and L.T. Quakenbush. 1997. Status of the Pacific walrus
population, 1950-1989. Marine Mammal Science 13(4):537-565.

Fechhelm, R.G., P.C. Craig, J.S. Baker, and B.J. Gallaway. 1984. Fish Distribution and Use of Nearshore
Waters in the Northeastern Chukchi Sea. Bryan, TX: LGL Ecological Research Associates, Inc.

Feder, HM., A.S. Naidu, J.M. Hameedi, S.C. Jewett, and W.R. Johnson. 1989. The Chukchi Sea
Continental Shelf: Benthos-Environmental Interactions. Environmental Assessment of the Outer
Continental Shelf. Final Report of Principal Investigators, RU 687. University of Alaska
Fairbanks, Fairbanks.

Feder, HM., A.S. Naidu, S.C. Jewett, J.JM. Hameedi, W.R. Johnson, and T. Whitledge. 1994. The
northern Chukchi Sea: benthos-environmental interactions. Marine Ecology Progress Series,
August 11, 1994, 111, pages 171-190.

Frost, K.J., and L.F. Lowry. 1983. Demersal fishes and invertebrates trawled in the northeastern Chukchi
and western Beaufort Seas, 1976-77. NOAA Tech Rep NMFS SSRF-764, 22 pp.

Frost, K.J., L.F. Lowry, and G. Carroll. 1993. Beluga whale and spotted seal use of a coastal lagoon
system in the northeastern Chukchi Sea. Arctic 46(1):8-16.

Frost, K.J., L.F. Lowry, G. Pendleton, and H.R. Nute. 2002. Monitoring distribution and abundance of
ringed seals in northern Alaska. OCS Study MMS 2002-04. Prepared for U.S. Minerals
Management Service, Anchorage, AK, by Alaska Department of Fish and Game, Juneau, AK.

Fuller, A.S., and J.C. George. 1997. Evaluation of subsistence harvest data from the North Slope Borough
1993 census for eight North Slope villages for the calendar year 1992. North Slope Borough,
Department Wildlife Management, Barrow, AK.

George, J.C., R. Zeh, R.P. Suydam, and C. Clark. 2004. Abundance and Population Trend (19782001 of
Western Arctic Bowhead Whales Surveyed near Barrow, Alaska. Marine Mammal Science
204:755-773.

Gilbert, J.R. 1999. Review of previous Pacific walrus surveys to develop improved survey designs. In
Marine Mammal Survey and Assessment Methods, ed. G.W. Garner, S.C. Amstrup, J.L. Laake,
B.F.J. Manly, L.L. McDonald, and D.G. Robertson, pp. 75-84. A.A. Balkema, Rotterdam, The
Netherlands.

Green, G.A., J.J. Brueggeman, R.A. Grotefendt, and C.E. Bowlby. 1995. Offshore distances of gray
whales migrating along the Oregon and Washington coasts, 1990. Northwest Science 69:223-227.

Griffiths, W.B., and R.A. Buchanan. 1982. Characteristics of bowhead feeding areas, 347-345. In
Behavior disturbance responses and feeding of bowhead whales Balaena mysticetus in the
Beaufort Sea, 1980-1981, ed. W.J. Richardson. Prepared for U.S. Bureau of Land Management,
Washington, DC, by LGL Ecol. Res. Assoc., Inc., Bryan, TX. 456 pp. Available from Arctic
Institute Library.

Groot, C., and L. Margolis, eds. 1991. Pacific salmon life histories. UBC Press, Vancouver.

ODCE for Chukchi Sea NPDES General Permit 7-5
Draft — January 2012



Haley, B., C. Reiser, J. Beland, and D. Savarese. 2009. Chukchi Sea vessel-based seismic monitoring.
Chapter 5 in Marine mammal monitoring and mitigation during open water seismic exploration
by Shell Offshore Inc. in the Chukchi and Beaufort Seas, July—October 2008: 90-day report, ed.
Ireland, D.S., R. Rodrigues, D. Funk, W. Koski, D. Hannay. LGL Rep. P1049-1. Prepared for
Shell Offshore, Inc., National Marine Fisheries Service, and U.S. Fish and Wildlife Service, by
LGL Alaska Research Associates, Inc., LGL, Ltd., and JASCO Research, Ltd.

Halpin, J. 2008, January 5. Polar Bear’s Village Visit Ends in Its Death. Anchorage Daily News.

Hashagen, K.A., G.A. Green, and B. Adams. 2009. Observations of humpback whales, Megaptera
novaeangliae, in the Beaufort Sea, Alaska. Northwestern Naturalist 90:160-162.

Hazard, K. 1988. Beluga whale, Delphinapterus leucas. p. 195-235 In Selected Marine Mammals of
Alaska, ed. J.W. Lentfer. NTIS PB88-178462. Marine Mammal Commission, Washington, DC.
275 p.

Hemming, C.R. 1996. Fish Surveys of Selected Coastal Streams Sagavanirktok River to Bullen Point,
1995. Alaska Department of Fish and Game Habitat and Restoration Division. Technical Report
No. 96-3.

Holland, M.M., C.M. Bitz, and B. Tremblay. 2006. Future abrupt reductions in the Summer Arctic sea
ice. Geophysical Research Letters. 2006, 33, L23503, 5 pp.

Homer, R. 1984. Phytoplankton abundance, chlorophyll a, and primary productivity in the western
Beaufort Sea. Pp. 295-310 in The Alaskan Beaufort Sea Ecosystems and Environments, ed. P.W.
Barnes, D. Schell, and E. Reimnitz. Academic Press, NY.

Homer, R.A., and G.C. Schrader. 1982. Primary production in the nearshore Beaufort Sea in Winter-
Spring: Contribution from ice algae, phytoplankton, and benthic microalgae.

Hopcroft, R., B. Bluhm, R. Gradinger, T. Whitledge, T. Weingartner, B. Norcross, and A. Springer. 2006.
Arctic Ocean Synthesis: Analysis of Climate Change Impacts in the Chukchi and Beaufort Seas
with Strategies for Future Research. University of Alaska, Fairbanks, Institute of Marine Science,
Fairbanks, AK.

Houghton. n.d. Product Data Sheet. Stack-Magic ECO-F. Manchester, England.

Houghton, J.P., K.R. Critchlow, D.C. Lees, and R.D. Czlapinski. 1981. Fate and Effects of Drilling
Fluids and Cuttings Discharges in Lower Cook Inlet, Alaska, and on Georges Bank—Final
Report. U.S. Department of Commerce, National Oceanic and Atmospheric Administration, and
the U.S. Department of Interior, Bureau of Land Management, Washington, DC.

Huntington, H.R. 1999. Traditional Ecological Knowledge of the Ecology of Beluga Whales
(Delphinapterus leaucas) in the Eastern Chukchi and Northern Bering Seas, Alaska. Arctic
531:49-61.

Huntington, H.P., and N.I. Mymrin. 1996. Traditional Ecological Knowledge of Beluga Whales. An
Indigenous Knowledge Pilot Project in the Chukchi and Northern Bering Seas. Final Report.
Inuit Circumpolar Conference, Anchorage, AK.

7-6 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012



IMS (Institute for Marine Science). 2010. Chukchi Sea Circulation. Web page presented by T.
Weingartner. <http://www.ims.uaf.edu/chukchi/>.

IUCN/SSC Polar Bear Specialist Group. 2005. Press Release: 14th Meeting of the [UCN/SSC Polar Bear
Specialist Group.

Kelly, B.P. 1988a. Bearded seal, Erignathus barbatus. Pages 77-94 in Selected Marine Mammals of
Alaska/Species Accounts with Research and Management Recommendations, ed. J.W. Lentfer.
Marine Mammal Commission, Washington, DC. 275 p.

. 1988b. Ringed Seal. Pages 57-77 in Selected Marine Mammals of Alaska: Species Accounts with
Research and Management Recommendations, ed. J.W. Lentfer. Marine Mammal Commission,
Washington, DC.

Kinney, P.J., ed. 1985. Environmental Characterization and Utilization of Peard Bay. Environmental
Assessment of the Alaskan Continental Shelf. Final Reports of Principal Investigators for the year
ending December 1985, Vol. 35, RU 641. Anchorage, AK: USDOC, National Oceanic and
Atmospheric Administration, OCSEAP, pp. 97-440.

Kramer, J.R., H.D. Grundy, and L.G. Hammer. 1980. Occurrence and solubility of trace metals in barite
for ocean drilling operations. In Symposium — Research on Environmental Fate and Effects of
Drilling Fluids and Cuttings. Sponsored by American Petroleum Institute (API), Lake Buena
Vista, Florida, January, 1980.

Kochnev, A. 2006. Research on polar bear autumn aggregations on Chukotka, 1989-2004. Pages 157-165
in Polar bears: proceedings of the 14th working meeting of the IUCN/SSC Polar Bear Specialist
Group, ed. J. Aars, N.J. Lunn, and A.E. Derocher, June 20-24, 2005, Seattle, WA.

Kochnev, A., V.M. Etylin, V.I. Kavry, E.B. Siv-Siv, and 1.V. Tanko. 2003. Traditional knowledge of
Chukotka Native Peoples regarding polar bear habitat use. Chukotka Association of Traditional
Marine Mammal Hunters, Alaska Nanuuq Commission, and Pacific Fisheries Research Center,
Anadyr, Russia. 165pp.

Krogman, B., D. Rugh, R. Sonntag, J. Zeh, and D. Ko. 1989. Ice-based census of bowhead whales
migrating past Point Barrow, Alaska, 1978-1983. Marine Mammal Science 5:116—138.

Larned, W.W., R. Stehn, and R. Platte. 2006. Eider Breeding Population Survey Arctic Coastal Plain,
Alaska 2006. U.S. Department of the Interior, U.S. Fish and Wildlife Service, Anchorage, AK.

Lee, S.H., D.M. Schell, T.L. McDonald, and W.J. Richardson. 2005. Regional and seasonal feeding by
bowhead whales Balaena mysticetus as indicated by stable isotope ratios. Marine Ecology
Progress Series 285:271-287

Lentfer, J.W., ed. 1988. Selected Marine Mammals of Alaska: Species Accounts with Research and
Management Recommendations. U.S. Marine Mammal Commission, Washington, DC. 275 pp.

Long, E.R., D. MacDonald, S. Smith, and F. Calder. 1995. Incidence of adverse biological effects within
ranges of chemical concentrations in marine and estuarine sediments. Environmental
Management 19(1):81-97.

ODCE for Chukchi Sea NPDES General Permit 7-7
Draft — January 2012


http://www.ims.uaf.edu/chukchi

Longhurst, A., D. Sameoto and A. Herman. 1984. Vertical distribution of Arctic zooplankton in summer:
Eastern Canadian archipelago. Journal of Plankton Research 6:137—168.

Lowry L.F. 1993. Foods and feeding ecology. Pages 201-238 in The bowhead whale, ed. J.J. Burns, J.J.
Montague, and C.J. Cowles. Special Publication No. 2. Society for Marine Mammalogy,
Lawrence, KS.

Lowry. L.F., V.N. Burkanov, K.J. Frost, M.A. Simpkins, R. Davis, D.P. DeMaster, R. Suydam, and A.
Springer. 2000. Habitat use and habitat selection by spotted seals (Phoca largha) in the Bering
Sea. Canadian Journal of Zoology 78:1959-1971.

Lyons, W.C. 2009. Working Guide to Drilling Equipment and Operations. Gulf Professional Publishing.
602 pp.

Lyons, W.C., and G.J. Plisga. 2005. Standard handbook of petroleum and natural gas engineering. Gulf
Professional Publishing. 1,568 pp.

MacDonald, R.W. 1982. An examination of metal inputs to the southern Beaufort Sea by disposal of
waste barite in drilling fluid. Ocean Management 8:29—49.

Mecklenburg, C.W., T.A. Mecklenburg, and L.K. Thorsteinson. 2002. Fishes of Alaska. American
Fisheries Society, Bethesda, MD.

MMS (Minerals Management Service). 1982. Final Environmental Impact Statement; OCS Proposed Oil
& Gas Lease Sale 57; Norton Sound (BLM-YK-ES-82-012-1792). Bureau of Land Management.
February 1982.

. 1984. Proposed Diapir Field Lease Offering. Final Environmental Impact Statement (OCS EIS
MMS 84-0009). U.S. Department of the Interior, Minerals Management Service, Alaska OCS
Region, Anchorage, AK.

. 1987a. Beaufort Sea Sale 97 — Final Environmental Impact Statement (OCS EIS/EA MMS 87-
0069). U.S. Department of the Interior, Minerals Management Service, Alaska OCS Region,
Anchorage, AK.

. 1987b. Chukchi Sea Sale 109 Final Environmental Impact Statement (MMS OCS EIS/EA 87-
0110). U.S. Department of the Interior, Minerals Management Service, Alaska OCS Region,
Anchorage, AK.

. 1990. Beaufort Sea Planning Area Oil and Gas Lease Sale 124. Final Environmental Impact
Statement (MMS OCS EIS/EA 90-0063). U.S. Department of the Interior, Minerals Management
Service, Alaska OCS Region, Anchorage, AK.

. 1991. Chukchi Sea Planning Area Oil and Gas Lease Sale 126. Final Environmental Impact
Statement (MMS OCS EIS/EA 90-0095). U.S. Department of the Interior, Minerals Management
Service, Alaska OCS Region, Anchorage, AK.

. 1993. Guidelines for Oil and Gas Operations in Polar Bear Habitats (MMS 93-0008). ed. Joe C.
Truett, LGL Ecological Research Associates.

7-8 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012



. 2002. Outer Continental Shelf Oil and Gas Leasing Program: 2002-2007 Final Environmental
Impact Statement (OCS EIS/EA MMS 2002-006). Volumes I and II. U.S Department of the
Interior, Minerals Management Service, Herndon, VA.

. 2003. Alaska Outer Continental Shelf Beaufort Sea Planning Area Oil and Gas Lease Sales 186,
195, and 202 Final Environmental Impact Statement (OCS EIS/EA MMS 2003-001). Volume L.
U.S Department of the Interior, Minerals Management Service, Anchorage, AK.

. 2006. Environmental Assessment Proposed OCS Lease Sale 202 Beaufort Sea Planning Area
(OCS EIS/EA MMS 2006-001). Minerals Management Service, Alaska OCS Region. August
2006.

. 2007. Chukchi Sea Planning Area Oil and Gas Lease Sale 193 and Seismic Surveying Activities
in the Chukchi Sea (OCS Report MMS 2007-026). May 2007.

. 2008. Beaufort Sea and Chukchi Sea Planning Areas Oil and Gas Lease Sales 209, 212, 217, and
221 Draft Environmental Impact Statement (OCS Report MMS 2008-0055). November 2008.

Moore, S.E., and R.R. Reeves. 1993. Distribution and movement. Pages 313-386 in The bowhead whale,
ed. J.J. Burns, J.J. Montague, and C.J. Cowles. Special Publication No. 2. Society for Marine
Mammalogy, Lawrence, KS.

Moore, S.E., and D.P. DeMaster. 2000. North Pacific right whale and bowhead whale habitat study: R/V
Alpha Helix and CGC Laurier Cruises, July 1999. Annual Report. 3 pp.

Moore, S.E., J.M. Waite, L.L. Mazzuca, and R.C. Hobbs. 2000. Provisional estimates of mysticete whale

abundance on the central Bering Sea shelf. Journal of Cetacean Research Management 2(3):227—
234,

Moore, S.E., and H.P Huntington. 2008. Arctic Marine Mammals and Climate Change: Impacts and
Resilience. Ecological Applications 182: Supplement: SL157-S-165.

Morris, B.F. 1981. Living Marine Resources of the Chukchi Sea: A Resource Report for the Chukchi Sea
Oil and Gas Lease Sale No. §5. NOAA Tech. Mem. NMFS F/AKR-2. National Oceanic and
Atmospheric Administration, Anchorage, AK.

Moulton, V.D., R.E. Elliot, M.T. Williams, and C. Nations. 2002. Fixed wing aerial surveys of seals near
BP’s Northstar and Liberty sites, 2002. Chapter 4, in Monitoring of industrial sounds, seals and
bowhead whales near BP’s Northstar Oil development, Alaskan Beaufort Sea, 1999-2002. ed.
W.J. Richardson and M.T. Elliot. Prepared for BP Exploration (Alaska), Inc., Anchorage, AK,
and National Marine Fisheries Service, Anchorage, AK, and Silver Spring, MD, by LGL Ltd.,
and Greeneridge Sciences, Inc.

NMFS (National Marine Fisheries Service). 2008. Bowhead whales. National Marine Mammal
Laboratory: Marine mammal education web.
<http://www.afsc.noaa.gov/nmml/education/cetaceans/bowhead.php> Accessed November 15,
2010.

.2011. December 2011. Effects of Oil and Gas Activities in the Arctic Ocean Draft Environmental
Impact Statement. US Department of Commerce, National Oceanic and Atmospheric

ODCE for Chukchi Sea NPDES General Permit 7-9
Draft — January 2012


http://www.afsc.noaa.gov/nmml/education/cetaceans/bowhead.php

Administration, National Marine Fisheries Service, Office of Protected Resources. December
2011.

National Research Council of the National Academies. 2003. Cumulative Environmental effects of Oil
and Gas Activities on Alaska’s North Slope. The National Academies Press, Washington, DC.
288 pp.

Neff, J.M. 2008. Estimation of bioavailability of metals from drilling mud barite. Integrated
Environmental Assessment and Management 4(2):184-193.

. 2010. Fate and Effects of Water Based Drilling Muds and Cuttings in Cold Water Environments.
Prepared for Shell Exploration and Production Company by Neff and Associates. May 25, 2010.

Neff, .M., R.J. Breteler, F.I. Saksa, and R.S. Carr. 1984. Chronic Effects of Drilling Fluids Discharged to
the Marine Environment, with Emphasis on Bioaccumulation/ Biomagnification Potential of
Drilling Fluid Metals. Prepared for the American Petroleum Institute, Washington, DC.

Nelson 1981. Nelson, R.K. 1981. Harvest of the Sea: Coastal Subsistence in Modern Wainwright. North
Slope Borough Coastal Management Program Report, Dec. 1981. Barrow, AK. 126 pp.

Nelson, H.C, R.L. Phillips, J. McRea Jr., J.H. Barber Jr., M.W. McLaughlin, and J.L. Chin. 1994. Gray
Whale and Pacific Walrus Benthic Feeding Grounds and Seafloor Interaction in the Chukchi Sea.
Technical Report for Minerals Management Service / IA No, 14157. OCS Study MMS 93-0042.

NOAA (National Oceanic and Atmospheric Administration). 2003. Fin Whale (Balaenoptera physalus):
Northeast Pacific Stock (NOAA-TM-AFSC-144). Angliss, R.P., and K.L. Lodge. Revised May 1,
2003.

NPFMC (North Pacific Fisheries Management Council). 1998. Essential Fish Habitat Assessment Report
for the Salmon Fisheries in the EEZ off the Coast of Alaska. Prepared by Alaska Department of
Fish & Game, National Marine Fisheries Service, North Pacific Fishery Management Council,
Anchorage, AK. March 31, 1998.

. 2009. Fishery Management Plan for Fish Resources of the Arctic Management Area. North
Pacific Fishery Management Council, Anchorage, AK. August, 2009.

NSB (North Slope Borough) 1998. Economic Profile and Census Report. Prepared by the North Slope
Borough, Barrow, AK.

Ovsyanikov, N. 2005. Research and conservation of polar bears on Wrangel Island. Report to the 14th
working meeting of the [IUCN/SSC Polar Bear Specialist Group, June 2005, Seattle, Washington,
U.S.A. 22pp.

Perricone, C. 1980. Major drilling fluid additives. 1979. In Symposium on research on Environmental
Fate and Effects of Drilling Fluids and Cuttings pp 15-29. Courtesy Associates, Washington,
D.C.

Pew Charitable Trust. 2010. Sea Around US Project: Fisheries, Ecosystems & Biodiversity
<http://www.seaaroundus.org/>. Accessed November 15, 2010.

7-10 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012


http://www.seaaroundus.org/

Phillips, R.L., and T.E. Reiss. 1985. Nearshore Marine Geologic Investigations, Icy Cape to Wainwright,
Northeast Chukchi Sea, Attachment D. Pages 125-155 in Geologic Processes and Hazards of the
Beaufort and Chukchi Sea Shelf and Coastal Regions, ed. P.W. Barnes, E. Reimnitz, R.E. Hunter,
R.L. Phillips, and S. Wolf. Environmental Assessment of the Alaskan Continental Shelf. Final
Reports of Principal Investigators, Vol. 34, August 1985. U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, OCSEAP, and U.S. Department of the
Interior, Minerals Management Service, Anchorage, AK.

Proshutinsky, A.Y., T. Proshutinsky, and T. Weingartner. 1998 1998 Final Report, INSROP Phase 2
Projects, Natural Conditions and Ice Navigation, Project 2. The Fridtjof Nansen Institute
Lysaker, Norway.

Raftery, A., J. Zeh, and G. Givens. 1995. Revised estimate of bowhead rate of increase. Report of the
International Whaling Commission 45:158.

Regehr, E.V., S.C. Amstrup, and 1. Stirling. 2006. Polar bear population status in the southern Beaufort
Sea. U.S. Geological Survey, Alaska Science Center, Anchorage, AK. U.S. Geological Survey
Open-File Report 2006-1337. 20 pp.

Reimnitz, E., P.W. Barnes, L.J. Tiomil, and J. Melchior. 1977. Ice gouge recurrence and rates of sediment
reworking, Beaufort Sea, Alaska. Geology 5(7):405—408.

Rice, D.W., and A.A. Wolman. 1971. The life history and ecology of the gray whale (Eschrichtius
robustus). American Society of Mammalogists Special Publication 3:142 p.

Rice, D.W., A.A. Wolman, D.E. Withrow, and H.W. Braham. 1984. The gray whale, Eschrichtius
robustus. Marine Fisheries Review 46(4):7-14.

Richardson, W.J., R.A. Davis, C.R. Evans, D.K. Ljungblad, P. Norton. 1987. Summer Distribution of
Bowhead Whales, Balaena mysticetus, Relative to Oil Industry Activities in the Canadian
Beaufort Sea, 1980-84. Arctic 40(2):93-104.

Richardson, W.J., C.R. Greene Jr., M.I. Charles, and T.H. Denis. 1995. Marine Mammals and Noise.
Academic Press, San Diego, CA.

Richardson, W.J., and D.H. Thomson, eds. 2002. Bowhead whale feeding in the eastern Alaskan Beaufort
Sea: update of scientific and traditional information. OCS Study MMS 2002-012; LGL Rep.
TA2196-7. 697 p. 2 vol.

Riedman, M. 1990. The Pinnipeds: Seals, Sea Lions, and Walruses. Univ. Calif. Press, Berkeley and Los
Angeles, CA. 439 pp.

Roseneau, D. 2007. Population Studies of Murres and Kittiwakes at Cape Lisburne, Alaska 1976-2006.
Presentation at the 2007 Marine Science Symposium, Anchorage, AK.

Rouse, W.R., M.S.V. Douglas, R.E. Hecky, A.E. Hershey, G.W. Kling, L. Lesack, P. Marsh, M.
McDonald, B.J. Nicholson, N.T.Roulet, and J.P. Smol. 2007. Effects of climate change on the
freshwaters of arctic and subarctic North America. Abstract. Hydrological Processes 118:873—
902.

ODCE for Chukchi Sea NPDES General Permit 7-11
Draft — January 2012


http://pubs.usgs.gov/of/2006/1337/
http://pubs.usgs.gov/of/2006/1337/
http://pubs.usgs.gov/of/2006/1337/

Rugh, D.J., R.C. Hobbs, J.A. Lerczak, and J.M. Breiwick. 2005. Estimates of abundance of the eastern
North Pacific stock of gray whales 1997-2002. Journal of Cetacean Research Management
7(1):1-12.

Sameoto, D.D. 1984. Vertical distribution of zooplankton biomass and species in northern Baffin Bay
related to temperature and salinity. Polar Biology 2:213-224.

Scanlon, B. 2009. Fishery Management Report for Sport Fisheries in the Northwest/North Slope
Management Area, 2008. Alaska Department of Fish and Game Divisions of Sport Fish and
Commercial Fisheries, 94 pp.

Schliebe, S., T.J. Evans, S. Miller, and J. Wilder. 2006. Fall distribution of polar bears along northern
Alaska coastal areas and relationship to pack ice position. Paper presented at the Marine
Mammals of the Holarctic meeting, September 2006, St. Petersburg, Russia, pp. 558-561.

Schneider, W., S. Pedersen, and D. Libbey. 1980. The Barrow-Atqasuk Report: A Study of Land Use
Through Time. Occasional Paper No. 24. University of Alaska, Fairbanks, Anthropology and
Historic Preservation Cooperative Park Studies Unit, and the North Slope Borough.

Schultz, K. 2003. Ken Schultz’s Field Guide to Freshwater Fish. John Wiley and Sons. 257 pp.

Seaman, G.A., K.J. Frost, and L.F. Lowry. 1985. Investigations of Belukha whales in coastal waters of
western and northern Alaska. Part 1. Distribution, abundance and movements. U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, OCSEAP Final Rep. 56:153-220.

Shell Gulf of Mexico, Inc. 2009a. Exploration Plan 2010 Exploration Drilling Program Posey Blocks
6713, 6714, 6763, and 6912; Karo Blocks 6864 and 7007; Burger, Crackerjack, and SW Shoebill
Prospects; OCS Lease Sale 193, Chukchi Sea, Alaska. Public Information Copy. Submitted to
U.S. Department of the Interior, Minerals Management Service, Alaska OCS Region. July 2009.

. 2009b. Notices of Intent (NOI) Information Sheet NPDES General Permit AKG280000 Oil and
Gas Exploration Facilities Outer Continental Shelf and Contiguous State Waters Burger 6714,
Burger 6764, Burger 6912, Crackerjack 6864, and SW Shoebill 7007. Submitted to U.S.
Environmental Protection Agency and Alaska Department of Natural Resources, May 22, 2009.

Sherr, B., and E. Sherr. 2002. SBI — Microzooplankton: Roles as Herbivores and as Food For
Zooplankton in Arctic Ocean Food Webs.
<http://bioloc.coas.oregonstate.edu/SherrLab/SBlIresults.html>. Accessed November 15, 2010.

Shroeder, D.C., and G.F. Lee. 1975. Potential transformations of chromium in natural waters. Journal of
Water, Air and Soil Pollution 4:355-365.

Smith, T.G. 1973. Population dynamics of the ringed seal in the Canadian eastern arctic. Bulletin of the
Fisheries Research Board of Canada 181:55.

Smith, T.G., and M.O. Hammill. 1981. Ecology of the ringed seal, Phoca hispid, in its fast-ice breeding
habitat. Canadian Journal of Zoology 59:966-981.

Smol, J.P., and M.S.V. Douglas. 2007. From controversy to consensus: making the case for recent climate
change in the Arctic using lake sediments. Frontiers in Ecology and the Environment 5:466-474.

7-12 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012


http://bioloc.coas.oregonstate.edu/SherrLab/SBIresults.html

Snyder-Conn, E., D. Denmore, C. Moitoret, and J. Stroebele. 1990. Persistence of trace metals in shallow,
arctic marine sediments contaminated by drilling effluents. Oil and Chemical Pollution 7:225—
247.

Sounders, S. 1998. Stephen Sounders, EPA/OSW, written comments to Dan Chadwick, U.S.
Environmental Protection Agency/OECA, December 30, 1998.

Spall, M.A. 2007. Circulation and water mass transformation in a model of the Chukchi Sea. Journal of
Geophysical Research, Vol. 112. <http://cat.inist.fr/?aModele=afficheN&cpsidt=18916914>.

SRB&A (Stephen R. Braund & Associates). 2010. Literature Review of the North Slope Marine
Traditional Knowledge. Prepared for Tetra Tech, Inc., and U.S. Environmental Protection
Agency, Region 10, Seattle, WA, by Stephen R. Braund & Associates, Anchorage AK.

. 2011. Chukchi and Beaufort Seas National Pollutant Discharge Elimination System Exploration
General Permits Reissuance. Report of Traditional Knowledge Workshops — Point Lay, Barrow,
Nuigsut and Kaktovik. March 11, 2011. Prepared for Tetra Tech, Inc., and U.S. Environmental
Protection Agency, Region 10, Seattle, WA, by Stephen R. Braund & Associates, Anchorage AK.

Stafford, K.M., S.E. Moore, M. Spillane, and S. Wiggins. 2007. Gray whale calls recorded near Barrow,
Alaska throughout the winter of 2003—04. Arctic 60:167-172.

Stehn, R., W. Larned, R. Platte, J. Fischer, and T. Bowman. 2006. Spectacled Eider Status and Trend in
Alaska. Unpublished report. U.S. Department of the Interior, U.S. Fish and Wildlife Service,
Anchorage, AK. 17 pp.

Stirling, 1., N.J. Lunn, and J. Jacuzzi. 1999. Long-term trends in the population ecology of polar bears in
western Hudson Bay in relation to climatic change. Arctic 52:294-306.

Stirling, 1., N.J. Lunn, J. Jacuzzi, C. Elliott, and M. Bombard. 2004. Polar bear distribution and abundance
on the southwestern Hudson Bay coast during open water season, in relation to population trends
and annual ice patterns. Arctic 57:15-26.

Stoker, S. 1981. Benthic Invertebrate Macrofauna of the Eastern Bering/Chukchi Continental Shelf. In
The Eastern Bering Sea Shelf: Oceanography and Resources, D.W. Hood and J.A. Calder, eds.
National Oceanic and Atmospheric Administration/OMPA, Seattle, WA. Vol. 2:1069-1090.

Suydam R.S., L.F. Lowry, K.J. Frost, G.M. O’Corry-Crowe, and D. Pikok Jr. 2001. Satellite Tracking of
Eastern Chukchi Sea Beluga Whales into the Arctic Ocean. Arctic 543:237-243.

Suydam, R.S., L.F. Lowry, K.J. Frost. 2005. Distribution and Movement of Beluga Whales from the
Eastern Chukchi Sea Stock during Summer and Early Autumn. OCS Study MMS 2005-035. U.S.
Department of the Interior, Minerals Management Service, Alaska OCS Region, Anchorage, AK.
<http://www.mms.gov/alaska/reports/2005rpts/2005_035.pdf>.

Tetra Tech. 2012a. Chukchi Sea Biological Evaluation. Prepared under contract to U.S. Environmental
Protection Agency Region 10 in support of the Chukchi Sea Ocean Discharge Criteria Evaluation
for Oil and Gas Exploration Facilities on the Outer Continental Shelf in the Chukchi Sea, Alaska.
Contract Number EP-C-08-004.

ODCE for Chukchi Sea NPDES General Permit 7-13
Draft — January 2012


http://cat.inist.fr/?aModele=afficheN&cpsidt=18916914
http://www.mms.gov/alaska/reports/2005rpts/2005_035.pdf

. 2012b. Essential Fish Habitat Assessment for the Chukchi Sea and Beaufort Sea Program Areas.
Prepared under contract to U.S. Environmental Protection Agency Region 10 in support of the
Chukchi Sea Ocean Discharge Criteria Evaluation for Oil and Gas Exploration Facilities on the
Outer Continental Shelf in the Chukchi Sea, Alaska. Contract Number EP-C-08-004.

Trannum, H.C., H.C. Nilsson, M.T. Shaanning and S. Oxnevad. 2010. Effects of sedimentation from
water-based drill cuttings and natural sediment on benthic macrofaunal community structure and
ecosystem processes. Journal of Experimental Marine Biology and Ecology, 383:111-121.

Trefry, J.H., and R.P. Trocine. 2009. Chemical assessment in Camden Bay (Sivulliq Prospect and
Hammerhead Drill Site). Beaufort Sea, Alaska. Prepared for Shell Exploration and Production
Company, July 2009.

Truett, J.C. 1984a. Ecological Characterization and Biological Use of Lagoons in the Eastern Beaufort
Sea, Alaska. U.S. Department of Commerce, National Oceanic and Atmospheric Administration,
OCSEAP Final Report 24:129-579.

Truett, J.C., ed. 1984b. Proceedings of a Synthesis Meeting: The Barrow Arch Environment and Possible
Consequences of Planned Offshore Oil and Gas Development, 30 October—1 November, 1983,
Anchorage, AK. U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, OCSEAP, and U.S. Department of the Interior, Minerals Management Service,
Girdwood, AK.

U.S. Census Bureau. 2011. Community population web searches of the 2010 census data using the
American Fact Finder. <http://2010.census.gov/2010census/>.

USDOI and USFWS (U.S. Department of the Interior and U.S. Fish and Wildlife Service). 2007.
Biological Option for Chukchi Sea Planning Area Oil and Gas Lease Sale 193 and Associated
Seismic Surveys and Exploratory Drilling. U.S. Department of the Interior and U.S. Fish and
Wildlife Service, Anchorage, AK.

USEPA (U.S. Environmental Protection Agency). 1985. Assessment of Environmental Fate and Effects of
Discharges from Offshore Oil and Gas Operations (EPA 440/4-85/002). U.S. Environmental
Protection Agency, Office of Water. Washington, DC. August 1985.

. 1987. Management of Wastes from Oil and Gas Exploration, Development, and Production,
Report to Congress. U.S. Environmental Protection Agency, Office of Solid Waste, Washington,
DC.

. 1993. Final Development Document for Effluent Limitations Guidelines and New Source
Performance Standards for the Offshore Subcategory of the Oil and Gas Extraction Point Source
category. EPA 821-R-93-003. U.S. Environmental Protection Agency, Office of Water,
Washington, DC. January 1993.

. 2000. Environmental Assessment of Final Effluent Limitations Guidelines and Standards for
Synthetic-Based Drilling Fluids and other Non-Aqueous Drilling Fluids in the Oil and Gas
Extraction Point Source Category (EPA-821-B-00-014). U.S. Environmental Protection Agency,
Office of Water, Washington, DC. December 2000.

7-14 ODCE for Chukchi Exploration NPDES General Permit
Draft — January 2012


http://2010.census.gov/2010census/

. 2006. Final Ocean Discharge Criteria Evaluation of the Arctic NPDES General Permit for Oil
and Gas Exploration (Permit No. AKG280000). U.S. Environmental Protection Agency Region
10 Office of Water and Watersheds, Seattle, WA, with support from Tetra Tech, Inc.

USFWS (U.S. Fish and Wildlife Service). 2008. Arctic National Wildlife Refuge: Fishes of the Arctic
National Wildlife Refuge. <http://arctic.fws.gov/fishlist.htm>. Updated September 12, 2008;
accessed February 25, 2009.

.2010. U.S. Fish and Wildlife Service Considers New Information in Determining Whether
Listing the Pacific Walrus under the Endangered Species Act is Warranted. Virtual Newsroom.
Office of External Affairs. September 10, 2010.

Visser, M.E., C. Both, and M.M. Lambrechts. 2004. Global climate change leads to mistimed avian
reproduction. Advances in Ecological Research 35:89-110.

von Quillfeldt, C., W.G. Ambrose Jr. and L.M. Clough. 2003. High number of diatom species in first-year
ice from the Chukchi Sea. Polar Biology 26:806-818.Wade, P.R., and W. Perryman. 2002. An
assessment of the eastern gray whale population in 2002. Paper SC/54/BRG7 presented to the
International Whaling Commission, Scientific Committee, pp. 1-12.

Weingartner T.J. 2008. Physical oceanography. In: Hopcroft R, Bluhm B, Gradinger R, (eds). Arctic
Ocean synthesis: Analysis of climate change impacts in the Chukchi and Beaufort seas with
strategies for future research, North Pacific Research Board, Anchorage, Alaska, pp 66-
79.Wernham, A. 2007. Inupiat Health and Proposed Alaskan Oil Development: Results of the
First Integrated Health Impact Assessment/Environmental Impact Statement of Proposed Oil
Development on Alaska’s North Slope. EcoHealth 4:500-513.

Western Regional Climate Center. 2011. Western U.S. Climate Historical Summaries; Climatological
Data Summaries; Local Climate Data Summaries for Alaska (2008). Website maintained by the
Desert Research Institute (www.wrcc.dri.edu). Wiswar, D.W. 1992. Summer distribution of arctic
fishes in the Okpilak, Akutoktak, Katakturuk, and Jago rivers, Arctic National Wildlife Refuge,
Alaska, 1990. Alaska Fisheries Technical Report, Number 17. June 1992.
<http://alaska.fws.gov/fisheries/fieldoffice/fairbanks/pdf/tech_reports/TR%2017-
\1992%200kpilak%20Akutoktak%20Katakturuk%20Jago%20survey%201990.pdf>. Wiswar,
D.W., and D. Fruge. 2006. Fisheries investigations in western Camden Bay, Arctic National
Wildlife Refuge, Alaska, 1987. Alaska Fisheries Data Series, Number 2006-10. July 2006.
<http://alaska.fws.gov/fisheries/fish/Data_Series/d 2006 10.pdf>.

Wiswar, D.W., R.L. West and W.N. Winkleman. 1995. Fisheries investigation in Oruktalik Lagoon,
Arctic National Wildlife Refuge, Alaska, 1986. Alaska Fisheries Technical Report, Number 30.
<http://alaska.fws.gov/fisheries/fieldoffice/fairbanks/pdf/tech reports/TR%2030-
1995%200ruktalik%20Lagoon%201986.pdf>.

Woodgate, R.A., K. Aagaard, and T.J. Weingartner. 2005. A year in the physical oceanography of the
Chukchi Sea: moored measurements from Autumn 1990-1991. Deep Sea Research 11 52:3116—
3149.

ODCE for Chukchi Sea NPDES General Permit 7-15
Draft — January 2012


http://alaska.fws.gov/fisheries/fieldoffice/fairbanks/pdf/tech_reports/TR%2030
http://alaska.fws.gov/fisheries/fish/Data_Series/d_2006_10.pdf
http://alaska.fws.gov/fisheries/fieldoffice/fairbanks/pdf/tech_reports/TR%2017
www.wrcc.dri.edu).Wiswar
http://arctic.fws.gov/fishlist.htm

8. GLOSSARY

accelerators. A chemical additive that reduces the setting time of cement.

advection patterns. The transfer of heat or matter by horizontal movement of water masses (Lincoln
R.J., G.A. Boxshall, and P.F. Clark.. 1982. A Dictionary of Ecology, Evolution, and Systematics.
Cambridge University Press.)

amphipods. A large group of crustaceans, most of which are small, compressed creatures (e.g., sand
fleas, freshwater shrimps).

anadromous. Migrating from the sea to fresh water to spawn. Pertaining to species such as fish that live
their lives in the sea and migrate to a freshwater river to spawn.

annulus. Space between drill-string and earthen wall of well bore, or between production tubing and
casing.

anoxia. 1. Areas of seawater or fresh water that are depleted of dissolved oxygen. This condition is
generally found in areas that have restricted water exchange.
2. A total decrease in the level of oxygen, an extreme form of hypoxia or low oxygen.

Arctic submersible rigs. A mobile submersible drilling structure used in Arctic areas. The rig is moved
onto the drilling site and submerged during periods when the water is free of ice. All equipment below
the waterline is surrounded by a caisson to protect it from damage by moving ice. The drilling deck
has no square corners so that moving ice can better flow around it.

ballast water. 1. For ships, water taken onboard into specific tanks to permit proper angle of repose of
the vessel in the water, and to ensure structural stability.
2. For mobile offshore drilling rigs, weight added to make the rig more seaworthy, increase its draft, or
sink it to the seafloor. Seawater is usually used for ballast, but sometimes concrete or iron is used
additionally to lower the rig’s center of gravity permanently.

barite. Barium sulfate; a mineral frequently used to increase the weight or density of drilling mud. Its
relative density is 4.2 (or 4.2 times denser than water).

bathymetric. Pertaining to the depth of a water body

benthic. Dwelling on, or relating to, the bottom of a body of water; living on the bottom of the ocean and
feeding on benthic organisms

bilge water. Water that collects and stagnates in the lowest compartment on a ship where the two sides
meet at the keel (bilge)

bioaccumulation. Used to describe the increase in concentration of a substance in an organism over time

biochemical oxygen demand (BOD). A measure of the quantity of oxygen used by microorganisms
(e.g., aerobic bacteria) in the oxidation of organic matter

bioturbation. The stirring or mixing of sediment or soil by organisms, especially by burrowing or boring
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blowouts. An uncontrolled flow of gas, oil, or other well fluids into the atmosphere or into an
underground formation. A blowout, or gusher, can occur when formation pressure exceeds the
pressure applied to it by the column of drilling fluid.

blowout preventer fluid. Fluid used to actuate hydraulic equipment on the blowout preventer.
boiler blowdown. The discharge of water and minerals drained from boiler drums.

borehole or well. A hole made by drilling or boring; a wellbore.

brackish. Mixed fresh and salt water.

Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE). Part of the
Department of the Interior, responsible for overseeing the safe and environmentally responsible
development of energy and mineral resources on the Outer Continental Shelf.

caisson. A steel or concrete chamber that surrounds equipment below the waterline of an Arctic
submersible rig, thereby protecting the equipment from damage by moving ice.

carapace. A bony or chitinous case or shield covering the back or part of the back of an animal (as a
turtle or crab).

caustic soda. Sodium hydroxide, used to maintain an alkaline pH in drilling mud and in petroleum
fractions.

cement slurry. The material used to permanently seal annular spaces between casing and borehole walls.
Cement is also used to seal formations to prevent loss of drilling fluid and for operations ranging from
setting kick-off plugs to plug and abandonment.

cetacean. A group of marine mammals, including whales, dolphins, porpoises.

circumboreal. Around the northern hemisphere in the higher latitudes.

clay. 1. A term used for particles smaller than 1/256 millimeter (4 microns) in size, regardless of mineral
composition.
2. A group of hydrous aluminum silicate minerals (clay minerals).
3. A sediment of fine clastics.

conductor casing. Generally, the first string of casing in a well. It can be lowered into a hole drilled into
the formations near the surface and cemented in place; or it can be driven into the ground by a special
pile drive (in such cases, it is sometimes called drive pipe); or it can be jetted into place in offshore
locations. Its purpose is to prevent the soft formations near the surface from caving in and to conduct
drilling mud from the bottom of the hole to the surface when drilling starts. Also called conductor

pipe.

copepods. Any of a large subclass of minute crustaceans common in fresh and salt water, having no
carapace, six pairs of thoracic legs but none on the abdomen, and a single median eye.

corrosion inhibitors. A chemical substance that minimizes or prevents corrosion in metal equipment.
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cottids. A family of demersal fish in the order Scorpaeniformes, suborder Cottoidei (or sculpins), found
in shallow coastal waters in the northern and Arctic regions.

critical habitat. A habitat determined to be important to the survival of a threatened or endangered
species, to general environmental quality, or for other reasons as designated by the state or federal
government.

cuttings. Small pieces of rock that break away because of the action of the drill bit teeth. Cuttings are
screened out of the liquid mud system at the shale shakers and are monitored for composition, size,
shape, color, texture, hydrocarbon content and other properties by the mud engineer, the mud logger,
and other on-site personnel.

deck drainage. Waste resulting from platform washings, deck washings, spillage, rainwater, and runoff
from curbs, gutters, and drains including drip pans and work areas within facilities subject to this
permit.

delineation well. Drilled at a distance from a discovery well to determine physical extent, reserves and
likely production rate of a new oil or gas field.

denitrification. The release of gaseous nitrogen or the reduction of nitrates to nitrites and ammonia by
the breakdown of nitrogenous compounds, typically by microorganisms when the oxygen
concentration is low; on a global scale, thought to occur primarily in oxygen deficient environments.

demersal fish. Fish found living on or near the bottom of the sea, feeding on benthic organisms,
including cod, haddock, whiting, and halibut.

desalination unit wastes. Wastewater associated with the process of creating fresh water from seawater.
dessicated. Specimens that are completely dried.

directional drilling. Intentional deviation of a wellbore from the vertical. Although wellbores are
normally drilled vertically, it is sometimes necessary or advantageous to drill at an angle from the
vertical. Controlled directional drilling makes it possible to reach subsurface areas laterally remote
from the point where the bit enters the earth. It often involves the use of turbodrills, Dyna-Drills,
whipstocks, or other deflecting rods.

discovery well. An exploratory well that evaluates the occurrence of hydrocarbons.

Dispersants. A substance added to cement that chemically wets the cement particles in the slurry,
allowing the slurry to flow easily without much water.

domestic Waste. Materials discharged from sinks, showers, laundries, safety showers, eyewash stations,
hand-wash stations, fish cleaning stations, and galleys.

drill bit. The part of the drilling tool that cuts through rock strata.

drilling fluid. Circulating fluid (mud) used in the rotary drilling of wells to clean and condition the hole
and to counterbalance formation pressure. The classes of drilling fluids are water-based fluid and non-
aqueous drilling fluid.
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drilling mud. A special mixture of clay, water, or refined oil, and chemical additives pumped downhole
through the drill pipe and drill bit. The mud cools the rapidly rotating bit; lubricates the drill pipe as it
turns in the well bore; carries rock cuttings to the surface; serves as a plaster to prevent the wall of the
borehole from crumbling or collapsing; and provides the weight or hydrostatic head to prevent
extraneous fluids from entering the well bore and to control downhole pressures that might be
encountered.

drill ships. A self-propelled floating offshore drilling unit that is a ship constructed to permit a well to be
drilled from it. While not as stable as a semisubmersible, drill ships are capable of drilling exploratory
wells in deep, remote waters. They might have a ship hull, a catamaran hull, or a trimaran hull.

drill string. The column, or string, of drill pipe with attached tool joints that transmits fluid and rotational
power from the kelly to the drill collars and bit. Often, especially in the oil patch, the term is loosely
applied to both drill pipe and drill collars.

echinoderms. Marine animals with a five-rayed symmetry, including sea lilies, feather stars, starfish,
brittle stars, sea urchins, and sea cucumbers.

effluent. Wastewater, treated or untreated, that flows out of a treatment plant, sewer, or industrial outfall.
Generally refers to wastes discharged into surface waters.

effluent guidelines. Technical EPA documents that set effluent limitations for given industries and
pollutants.

effluent limitation. Restrictions established by a state or EPA on quantities, rates, and concentrations in
wastewater discharges.

epibenthic. Living above the bottom. Also demersal.

epipelagic. The uppermost, normally photic layer of the ocean between the ocean surface and the
thermocline, usually between depths of 0-200 meters; living or feeding on surface waters or at
midwater to depths of 200 meters.

epontic. Used of an organism that lives attached to the substratum. (Lincoln R.J., G.A. Boxshall, and P.F.
Clark. 4 Dictionary of Ecology, Evolution, and Systematics. Cambridge Unversity Press, 1982.).

estuarine. Living mainly in the lower part of a river or estuary; coastlines where marine and freshwaters
meet and mix; waters often brackish.

exploratory well. Any well drilled for the purpose of securing geological or geophysical information to
be used in the exploration or development of oil, gas, geothermal, or other mineral resources, except
coal and uranium, and includes what is commonly referred to in the industry as slim hole tests, core
hole tests, or seismic holes.

fire control system test water. The water released during the training of personnel in fire protection and
the testing and maintenance of fire protection equipment.

flocculation. The coagulation of solids in a drilling fluid, produced by special additives or contaminants.
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flocculent. A chemical for producing flocculation of suspended particles, as to improve the plasticity of
clay for ceramic purposes.

formation fluids. Any fluid that occurs in the pores of a rock. Strata containing different fluids, such as
various saturations of oil, gas and water, might be encountered in the process of drilling an oil or gas
well. Fluids found in the target reservoir formation are referred to as reservoir fluids.

fracture. A break in a rock formation due to structural stresses, e.g., faults, shears, joints, and planes of
fracture cleavage.

heterotroph. An organism that uses organic compounds as its source of carbon.
hexavalent. A chemical valence of six.

hypoxia. Deficiency of oxygen; low levels of dissolved oxygen in water (~< 3 ppm) that are extremely
stressful to most aquatic life. Stress applied to fish when measuring, e.g., oxygen consumption.

hysteresis. 1. The lag in response exhibited by a body in reacting to changes in the forces, especially
magnetic forces, affecting it.
2. The phenomenon exhibited by a system, often a ferromagnetic or imperfectly elastic material, in
which the reaction of the system to changes is dependent on its past reactions to change.

infauna. Benthic fauna living in the substrate and especially in a soft sea bottom.

intertidal (littoral) zone. Shallow areas along the shore and in estuaries that are alternately exposed and
covered by the tides. Many juvenile fishes are regularly found in this area. Some amphibious fishes
live permanently in this zone; others are occasional visitors.

isobath. A contour line on a map connecting points of equal depth in a body of water.

jack-up drilling rig. A mobile bottom-supported offshore drilling structure with columnar or open-truss
legs that support the deck and hull. When positioned over the drilling site, the bottoms of the legs rest
on the seafloor. A jack-up rig is towed or propelled to a location with its legs up. Once the legs are
firmly positioned on the bottom, the deck and hull height are adjusted and leveled. Also called self-
elevating drilling unit.

landfast ice. Ice adjacent to the coast and characterized by a lack of motion.

leads. Transient area of open water in sea ice that arises through the dynamical effects of oceanic and
atmospheric stresses, such as tides, acting to pull the sea ice floes apart.

lignosulfonate. Drilling fluid. Highly anionic polymer used to deflocculate clay-based muds.
Lignosulfonate is a by-product of the sulfite method for manufacturing paper from wood pulp.
Sometimes it is called sulfonated lignin. Lignosulfonate is a complex mixture of small- to moderate-
sized polymeric compounds with sulfonate groups attached to the molecule.

marine riser. The pipe and special fittings used on floating offshore drilling rigs to establish a seal
between the top of the wellbore, which is on the ocean floor, and the drilling equipment, above the
surface of the water. A riser pipe serves as a guide for the drill stem from the drilling vessel to the
wellhead and as a conductor of drilling fluid from the well to the vessel. The riser consists of several
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sections of pipe and includes special devices to compensate for any movement of the drilling rig
caused by waves.

marine sanitation devices (MSD). Any equipment for installation onboard a vessel that is designed to
receive, retain, treat, or discharge sewage, and any process to treat such sewage.

methylmercury. A form of mercury that is most easily bioaccumulated in organisms. Methylmercury
consists of a methyl group bonded to a single mercury atom, and is formed in the environment
primarily by a process called biomethylation. Mercury biomethylation is the transformation of divalent
inorganic mercury (Hg(II)) to CH;Hg", and is primarily carried out by sulfate-reducing bacteria that
live in anoxic (low dissolved oxygen) environments, such as estuarine and lake-bottom sediments.

microalgae. A classification of algae that are defined according to the size of the plant where the body of
the plant is small enough that it requires magnification to observe.

mysids. Group of small, shrimp-like crustaceans characterized by a ventral brood pouch. Important food
items for many fishes.

nearshore zone. The region of land extending between the backshore, or shoreline, and the beginning of
the offshore zone. Water depth in this area is usually less than 10 m (33 ft).

nektonic. Actively swimming organisms able to move independently of water currents.

nitrification. The biological oxidation of ammonia with oxygen into nitrite followed by the oxidation of
those nitrites into nitrates.

non-contact cooling water. Water used for cooling that does not come into direct contact with any raw
material, product, by-product, or waste.

NPDES general permit. The discharge of pollutants into the state’s surface waters is regulated through
National Pollutant Discharge Elimination System (NPDES) permits. General permits are written to
cover a category of dischargers instead of an individual facility.

Offshore Operators Committee (OOC). A nonprofit organization composed of persons, firms or
corporations owning offshore leases and any person, firm or corporation engaged in offshore activity
as a drilling contractor, service company, supplier, or other capacity.

pack ice. Ice that is not attached to the shoreline and drifts in response to winds, currents, and other
forces; some prefer the generic term drift ice, and reserve pack ice to mean drift ice that is closely
packed.

pelagic. Living and feeding in the open sea; associated with the surface or middle depths of a body of
water; free swimming in the seas, oceans or open waters; not in association with the bottom. Many
pelagic fish feed on plankton; referring to surface or mid water from 0 to 200 m depth.

petrochemicals. Chemicals made from crude oil through the refining process. Some petrochemicals can
be made using coal or natural gas. The two main classes of petrochemical materials are olefins and
aromatics.
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phytoplankton. A plant plankton; a rapid buildup in abundance of phytoplankton, usually in response to
nutrient buildup, can result in a bloom; microscopic plant life that floats in the open ocean.

pill. A gelled viscous fluid.

plugging and abandonment. The process of dismantling the wellhead, plugging cement plugs,
production and transportation facilities, and restoring depleted producing areas in accordance with
license requirements or legislation or both.

pockmarks. Craters in the seabed formed by the expulsion of gas or water from sediments. These
features occur worldwide, in the ocean at all depths, and in lakes.

polychaetes. Segmented marine annelid worms that can be found living in the depths of the ocean,
floating free near the surface, or burrowing in the mud and sand of the beach.

polynyas. An area of open water in sea ice.

pressure ridges. A ridge produced on floating ice by buckling or crushing under lateral pressure of wind
or ice.

residual chlorine. The amount of measurable chlorine remaining after treating water with chlorine, i.e.,
amount of chlorine left in water after the chlorine demand has been satisfied.

rubble fields (ice). A jumble of ice fragments or small pieces of ice (such as pancake ice) that covers a
larger expanse of area without any particular order to it. The height of surface features in rubble ice is
often lower than in pressure ridges.

sanitary waste. Human body waste discharged from toilets and urinals.

Section 403(c) of the Clean Water Act. Section 403 of the CWA provides that point source discharges
to the territorial seas, contiguous zone, and oceans are subject to regulatory requirements in addition to
the technology- or water quality-based requirements applicable to typical discharges. Part ( C ) are
guidelines for determining degradation of waters.

spudding. 1. To move the drill stem up and down in the hole over a short distance without rotation.
Careless execution of this operation creates pressure surges that can cause a formation to break down,
resulting in lost circulation.
2. To force a wireline tool or tubing down the hole by using a reciprocating motion.
3. To begin drilling a well; i.e., to spud in.

special aquatic sites. Identified in 40 CFR Part 230 Section 404 b. (1) guidelines, EPA identifieds six
categories of special aquatic sites a. Sanctuaries and refuges. b. Wetlands. c. Mudflats. d. Vegetated
shallows. e. Coral reefs. f. Riffle and pool complexes. They are geographic areas, large or small,
possessing special ecological characteristics of productivity, habitat, wildlife protection, or other
important and easily disrupted ecological values. The areas are generally recognized as significantly
influencing or positively contributing to the general overall environmental health or vitality of the
entire ecosystem of a region.

stratification. Separating into layers.
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sublittoral zone. In lakes, the sublittoral zone extends from the lakeward limit of rooted vegetation down
to about the upper limit of the hypolimnion; in the ocean, from the lower edge of the intertidal (littoral)
zone to the outer edge of the continental shelf at 200 m.

surfactants. A soluble compound that concentrates on the surface boundary between two substances such
as oil and water and reduces the surface tension between the substances. The use of surfactants permits
the thorough surface contact or mixing of substances that ordinarily remain separate. Surfactants are
used in the petroleum industry as additives to drilling mud and to water during chemical flooding.

test fluids. The discharge that would occur if hydrocarbons are located during exploratory drilling and
tested for formation pressure and content. This would consist of fluids sent downhole during testing
along with water from the formation.

total suspended solids (TSS). A measure of the suspended solids in wastewater, effluent, or water
bodies, determined by tests for total suspended non-filterable solids.

trivalent. Having a chemical valence of three.

water-based drilling fluid (WBF). Drilling fluid that has water as its continuous phase and the
suspending medium for solids, whether or not oil is present.

weighting materials. A high-specific gravity and finely divided solid material used to increase density of
a drilling fluid. (Dissolved salts that increase fluid density, such as calcium bromide in brines, are not
called weighting materials.) Barite is the most common, with minimum specific gravity of 4.20 g/cm’.

zooplankton. Animal plankton; animals (mostly microscopic) that drift freely in the water column.

8-8 ODCE for Chukchi Exploration NPDES General Permit
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