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4 ENVIRONMENTAL CONSEQUENCES

4.1 ENVIRONMENTAL CONSEQUENCES ASSOCIATED WITH OCS OIL AND
GAS ACTIVITIES

This programmatic environmental impact statement (PEIS) evaluates 8 alternatives,
including no action (see Chapter 2). All of the action alternatives identify Outer Continental
Shelf (OCS) Planning Areas in the Gulf of Mexico (GOM), Cook Inlet, and the Arctic where
lease sales may occur under the 2012-2017 OCS Oil and Gas Leasing Program (the Program).
Chapter 3 of this PEIS describes the nature and condition of natural and socioeconomic resources
that have a potential to be affected by oil and gas (O&G) activities within those OCS Planning
Areas under the Program. In general, O&G development follows a four-phase process,
beginning with (1) exploration to locate viable deposits, (2) development of the production well
and support infrastructure, (3) operation (oil or gas production), and (4) decommissioning of the
well once it is no longer productive or profitable.

Since lease- and project-specific details are not known at this time, the analyses in this
PEIS take a programmatic approach and evaluate resources on a larger, more regional scale
rather than at a lease-block scale (the scale at which project-specific impacts could occur). The
evaluation of environmental consequences presented in this PEIS focuses on those resources
most likely to be affected during future O&G development under each of the alternatives
considered in this PEIS. Some information is currently unavailable, particularly with regard to
affected environment baseline changes; however, this information is not essential in order to
make a reasoned choice among alternatives at this programmatic stage (see Section 1.3.1.1:
Incomplete and Unavailable Information). Exploration and development scenarios have been
prepared that identify potential levels of O&G development that may occur as a result of lease
sales in the GOM, the Cook Inlet, and the Chukchi and Beaufort Sea Planning Areas under the
Program. These scenarios are presented for each alternative later in this chapter and are used for
the programmatic impact analyses of this PEIS. More detailed, location-specific impact analyses
would be conducted in subsequent lease sale-specific National Environmental Policy Act
(NEPA) analyses.

The programmatic evaluation of environmental or socioeconomic impacts presented in
this PEIS provides useful information for considering the effects of O&G development on the
resources of the OCS (and associated coastal environments) under each alternative. The
programmatic analyses identify the types of activities that typically occur during exploration,
development, production, and decommissioning; the resources that could be affected by those
activities; and the nature and relative magnitude of effects those resources could incur.

4.1.1 Routine Operations and Common Impact-Producing Factors
Impacts from OCS O&G development originate from the specific activities that occur

following OCS leasing, and both activities and impacts will vary by the phase of 0&G
development. Each phase will have a set of impact-producing factors (some unique to a
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particular phase) that represent O&G development activities that produce physical or
environmental conditions that may affect one or more natural, cultural, or socioeconomic
resources, and these may vary within each phase depending on the specific activity. For
example, an impact-producing factor associated with exploration is noise, which will differ in its
nature, magnitude, and duration depending on how it is generated. Noise generated by seismic
survey equipment will differ in magnitude, frequency, and duration from noise generated during
exploration well drilling or by ship traffic. The resources that could be affected by noise and the
nature and magnitude of potential effects will also vary, depending on the source and
characteristics of the noise (duration, frequency, magnitude) that is generated.

The nature, magnitude, and duration of each impact-producing factor (and any
subsequent environmental effects) will also vary among the four phases of O&G development.
For example, noise generated by seismic survey equipment will be relatively short term in
duration but very high in magnitude, and will cease once the survey portion of the exploration
phase is completed. Similarly, noise from the explosive removal of a platform during the
decommissioning phase would be of very short-term duration (effectively a one-time event). In
contrast, noise from ship and helicopter traffic that supports production platforms could be
generated for 20 years or more, depending on the production lifespan of the platform.

Table 4.1.1-1 presents the major categories of impact-producing factors associated with O&G
development on the OCS. It is important to note that many impact-producing factors can be
associated with multiple O&G development phases, and can be subject to mitigation measures to
help reduce impacts.

The following discussions summarize the general types of activities that may be expected
during each of the four O&G development phases and identify likely impact-producing factors
for each phase. These impact-producing factors, the resources that each may affect, and the
nature, magnitude, and duration of possible effects are discussed in more detail in the resource-
specific impact sections presented later in this chapter.

4.1.1.1 Exploration

During exploration, typical activities include the conduct of geophysical seismic surveys
and possibly the development of exploration wells. During seismic surveys, one or more air
guns (or other sound sources) are towed behind a ship at depths of 5-10 m (16-33 ft) and
produce acoustic energy pulses that are directed towards the seafloor. The acoustic signals then
reflect off subsurface sedimentary boundaries and are recorded by hydrophones, which are
typically also towed behind the survey ship. Following analysis of the acoustic data, one or more
exploratory wells may be drilled to confirm the presence and determine the viability of the
potential hydrocarbon reservoirs identified by the survey. Development of an exploration well
typically involves the use of a mobile offshore drilling unit (MODU) (such as a jackup rig, a
semisubmersible rig, or drillship) and the placement of infrastructure (such as a drilling template
and a blowout preventer) on the seafloor to aid in the drilling. Both the seismic surveys and
exploration well development involve the use of ships, whether to tow air guns and hydrophones
or to bring drilling equipment and other support materials to the well location.

Environmental Consequences 4-2
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TABLE 4.1.1-1 Impact-Producing Factors Associated with OCS O&G Development Phases

USDOI
BOEM

O&G Development Phase

Exploration
Seismic  Exploration
Impact-Producing Factor ~ Survey Well Development  Operation  Decommissioning
Noise X X X X X
Seismic noise X
Ship noise X X X X X
Aircraft noise X X X X X
Drilling noise X X
Trenching noise X
Production noise X
Onshore construction X
Platform removal X
Traffic X X X X X
Aircraft traffic X X X X
Ship traffic X X X X X
Drilling Mud/Debris X X
Bottom/Land Disturbance X X
Drilling X X
Pipeline trenching X
Onshore construction X
Air Emissions X X X X
Offshore X X X X
Onshore X X X
Explosives X
Platform removal X
Lighting X X X
Offshore facilities X X X
Onshore facilities X X
Visible Infrastructure X X X
Offshore X X X
Onshore X X
Space Use Conflicts X X X X
Offshore facilities X X X X
Onshore facilities X X
Accidental Spills X X X

Environmental Consequences
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Impact-producing factors associated with exploration include noise, ship traffic, drilling
mud and debris, seafloor disturbance, air emissions, lighting, visible infrastructure, and space use
conflicts (Table 4.1.1-1). Noise will be generated by operating air gun arrays, vessel traffic,
drilling, and support aircraft traffic. Resources of primary concern from noise impacts are
marine mammals, sea turtles, and fish.

Ship traffic during the seismic surveys or in support of exploration well development has
the potential for collisions with marine mammals and sea turtles, while the presence of ship and
support aircraft traffic could affect normal behaviors of nearby biota (especially marine
mammals). The disposal of drilling mud and debris during exploration well development will
also affect local water quality and possibly biota.

Exploration well development will involve seafloor disturbance, primarily through the
placement of drilling support infrastructure. This disturbance may affect overlying water quality
as well as benthic biota and archeological resources (if present). Air emissions from the MODUs
may affect local air quality, while MODU lighting may affect birds. Depending on location,
MODUs may also present a visual impact. The conduct of seismic surveys and exploration well
development could conflict with other uses of the marine environment at that location.

4.1.1.2 Development

Once exploration has confirmed the presence of a commercially viable reservoir, the next
phase of O&G development is the construction of the production platform and drilling of
production wells. Production wells are drilled using MODUSs, and the type of production
platform installed will depend on the water depth of the site and, to a lesser extent, on the
expected facility lifecycle, the type and quantity of hydrocarbon product (e.g., oil or gas)
expected, and the number of wells to be drilled. The number of wells per production platform
depends on the type of production facility, the size of the hydrocarbon reservoir, and the
drilling/production strategy for the drilling program. Production platforms may be fixed,
floating, or subsea (only in deep water). Fixed platforms rigidly attached to the seafloor are
typical in water depths up to 400 m (1,312 ft), while floating or subsea platforms are typically in
waters deeper than 400 m (1,312 ft). Floating platforms are attached to the seafloor using line-
mooring systems and anchors. Development will also include installation of seafloor pipelines
for conveying product to existing pipeline infrastructure or to new onshore production facilities.
In shallower waters (<60 m [<200 ft]), pipelines are typically buried to a depth of at least 0.91 m
(3 ft) below the mudline. Pipelines may also be buried (trenched) in deeper waters, depending
on conditions along the subsea pipeline corridor.

Impact-producing factors of development include noise, ship and helicopter traffic,
drilling mud and debris, seafloor and land disturbance, air emissions, lighting, and visible
infrastructure. During the development phase, noise will be generated during drilling, by ship
and helicopter traffic, pipeline trenching, and onshore construction. Resources that could be
affected by development-related noise include marine mammals, sea turtles, marine and coastal
birds, and fish. Marine mammals and sea turtles could be affected by collisions with ship traffic
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supporting platform construction and drilling, while the presence of ship and helicopter traffic
could disturb normal behaviors of marine mammals and birds.

The disposal of drilling muds and fluids may affect local water quality and aquatic biota.
Some amount of seafloor disturbance will occur as a result of drilling, platform mooring, and
pipeline trenching, which would result in some loss of habitat and biota as well as reductions in
overlying water quality. Seafloor disturbance could also affect archeological resources if present
in the project area. Air emissions from platforms where drilling is occurring as well as at
onshore construction sites could affect local air quality. The lighting of offshore platforms could
affect birds, while lighting at onshore facilities could affect sea turtles. Visual impacts may be
incurred for some developments, depending on the location and nature (size) of the offshore
platform or onsite facilities. Development of production wells and platforms as well as of new
pipelines and onshore processing facilities could result in some space use conflicts in the project
area.

4.1.1.3 Operation

Following completion of the production wells and platform, the facilities are operated to
extract the hydrocarbon resource and transport it to onshore processing facilities. During the
operation phase, activities center on maintenance of the production wells (workover operations)
and platforms. Impact-producing factors associated with normal operations include noise, ship
and helicopter traffic, air emissions, lighting, and visible infrastructure (Table 4.1.1-1).

During normal operations, noise will be generated by maintenance activities and by ship
and helicopter traffic and may affect marine mammals and fish. Collisions with support ships
could affect marine mammals and sea turtles, while ship and helicopter traffic could disturb
normal behaviors of nearby biota. As noted for the development phase, lighting of onshore
facilities could affect sea turtles, while lighting of offshore platforms could affect birds. Any
visual impacts identified for the development phase could continue for the duration of the
operation phase. Similarly, some of the space use conflicts incurred during the development
phase would continue through production.

4.1.1.4 Decommissioning

Following lease termination or relinquishment, all platforms and seafloor obstructions are
required to be removed. All bottom-founded infrastructure is severed at least 5 m (15 ft) below
the mudline. Production infrastructure could be removed using explosive or nonexplosive
methods. Impact-producing factors associated with decommissioning include noise, ship and
helicopter traffic, air emissions, and explosives.

Noise would be generated during either explosive or nonexplosive structure removal, as
well as by ship and helicopter traffic supporting removal activities, and could affect marine
mammals, sea turtles, and fish. Ship traffic could result in collisions with marine mammals and
sea turtles, while ship and helicopter traffic could disturb behaviors of biota in the vicinity of the
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platform undergoing decommissioning. Air emissions could affect local air quality. Pressure
from explosive detonations could injure marine mammals, sea turtles, and fish. Some additional
space use conflicts could arise with explosive platform removal.

4.1.2 Accidental Events and Spills

A variety of accidental events or spills may occur during OCS O&G development
(Table 4.1.2-1). During normal operations, ship and platform activities generate a variety of
solid waste materials, such as plastic containers, nylon rope and fasteners, and plastic bags. The
accidental release of such solid waste materials could affect marine mammals, sea turtles, and
birds. While sanitary and domestic wastes produced in ships and platforms are routinely
processed through onsite waste treatment facilities, the accidental discharge of such releases
could affect local water quality and biota.

Ships supporting platform activities may accidentally collide with MODUs or platforms,
releasing diesel fuel, which could affect water quality and biota. Loss of well control results in
the uncontrolled release of a reservoir fluid that may result in the release of gas, condensate or
crude oil, drilling fluids, sand, or water. Historically, most losses of well control have occurred
during development drilling operations, but loss of well control can happen during exploratory
drilling, production, well completions, or workover operations (MMS 2008a). Releases
associated with loss of well control may affect water quality, biota, and space use.

Oil spills are unplanned accidental events. Depending on the phase of O&G development
and the location, magnitude, and duration of a spill, natural resources that may be affected
include marine mammals, marine and coastal birds, sea turtles, fish, benthic and pelagic
invertebrates, water quality, marine and coastal habitats, and areas of special concern (such as
marine parks and protected areas). In addition, spills may also affect a variety of socioeconomic
conditions such as local employment, commercial and recreational fisheries, tourism,
sociocultural systems, and subsistence. Spill scenarios for the GOM, Cook Inlet, and Arctic
planning areas have been developed for use in this PEIS and are presented in detail in
Section 4.4.2. This draft PEIS also considers the potential effects of a catastrophic discharge
event (i.e., a low probability, very large volume accidental oil spill).

4.1.3 Assessment Approach

The environmental consequences discussed in subsequent sections of Chapter 4 address
the potential impacts that could be incurred under any of the seven action alternatives
(Alternatives 1-7). Because Alternative 1, the Proposed Action, encompasses the six OCS
Planning Areas considered for inclusion in the Program, OCS oil and gas activities that could
occur following leasing under Alternative 1 may be expected to have the potential to cause
impacts over the greatest geographic area. Any such potential impacts could also occur under
the other action alternatives (Alternatives 2—7), as each represents a subset of the planning areas
included in the proposed action. Thus, the analyses presented in Chapter 4, while focused on the
proposed action, are fully applicable to each of the other action alternatives.
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TABLE 4.1.2-1 Accidental Events and Spills That May Be Associated with OCS O&G
Development Phases

0O&G Development Phase

Exploration

Seismic  Exploration

Accidental Event or Spill  Survey Well Development  Operation  Decommissioning
Solid waste release X X X X X
Sanitary waste release X X X X X

Vessel collisions X X X X X

Loss of well control X X X

Qil spills X X X X

It is not possible to identify specific impacts from future OCS O&G development
activities without development-specific location and design details. There are, however, general
impacts that are typical of offshore O&G development, regardless of where development occurs.
For example, the placement of a seafloor pipeline crossing shallow waters to a landfall will
require trenching, which will disturb the seafloor and affect the overlying water quality,
regardless of whether that pipeline is located in Cook Inlet or in the Western GOM Planning
Area. The potential effects of pipeline placement will, however, differ between shallow and
deep waters and by the nature of the seafloor communities present along the actual pipeline
route.

As previously discussed, lease- and project-specific details are not known at this time.
Thus, the analyses in this PEIS take a programmatic approach and evaluate resources on a larger,
more regional scale rather than at a lease-block scale (the scale at which project-specific impacts
could occur). Thus, the evaluation of environmental consequences presented in this PEIS has
focused on those resources most likely to be affected during future O&G development on the
OCS under the alternatives presented in Chapter 2.

For each resource, the impact-producing factors identified in Tables 4.1.1-1 and 4.1.2-1
were further examined and refined to identify aspects of those factors specific to the resource
under evaluation. The analyses also identified, as applicable, important components of each
resource to further refine the relationship between the impacting factors and the resource. For
example, for sea turtles, the impact analyses identified four life stages (eggs, hatchlings,
juveniles, and adults), four habitat types (nesting, foraging, overwintering, and nursery), and
three important behaviors (courtship/nesting, foraging, migration) that could be affected by OCS
0&G development activities. The impact analyses then focused on the impact-producing factors
that could affect any of these life stages, habitats, or behaviors. Table 4.1.3-1 illustrates the
refinement and linkage of impacting factors and important resource components.
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1 TABLE 4.1.3-1 Relationships among Development Phase Impacting Factors and Habitats, Life
2 Stage, and Behavior of Sea Turtles

Sea Turtle Resource Component

Habitat Disturbance Behavior
or Loss Life Stage Affected Affected
(@]
=
S %) —
> 2 E = g 3 22, 8
£ 5 2 & = & 2 S 25 ©
g £ 8 2 &% g3 £:2% o
Development Phase and Impacting Factor z 2 & = g T 3 < 2 82 =
Vessel noise X X X X
Aircraft noise
Drilling noise X X
Trenching noise X X X
Onshore construction noise X X

Offshore air emissions

Onshore air emissions

Aircraft traffic

Vessel traffic

Hazardous materials

Solid wastes

Drilling mud/debris

Bottom disturbance from drilling

X X X X
X X X X
X X X X

Bottom disturbance from pipeline trenching X X X X X X X
Offshore lighting

Onshore construction X X X X X
Onshore lighting X X X X

Aircraft noise

Offshore air emissions

Onshore air emissions

Vessel traffic X X X
Aircraft traffic

Hazardous materials

Solid wastes

Explosive platform removal
Offshore lighting

X X X
X X X
X X X

3
4
5  4.1.4 Definition of Impact Levels
6
7 The conclusions for most resource analyses use a four-level classification scheme to
8 characterize the impacts that could result with OCS O&G development under the alternatives
9  presented in this PEIS.
10
11
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4.1.4.1 Impact Levels for Biological and Physical Resources

The following impact levels for biological and physical resources are used for the
analysis of water quality, air quality, marine and terrestrial mammals, marine and coastal birds,
fish resources, sea turtles, coastal and seafloor habitats, and areas of special concern (such as
essential fish habitats [EFHS], marine sanctuaries, parks, refuges, and reserves). For biota, these
levels are based on population-level impacts rather than impacts on individuals.

* Negligible: No measurable impacts.

« Minor:
— Most impacts on the affected resource could be avoided with proper
mitigation.
— If impacts occur, the affected resource will recover completely without
mitigation once the impacting stressor is eliminated.

* Moderate:
— Impacts on the affected resource are unavoidable.
— The viability of the affected resource is not threatened although some
impacts may be irreversible, or
— The affected resource would recover completely if proper mitigation is
applied during the life of the project or proper remedial action is taken
once the impacting stressor is eliminated.

« Major:
— Impacts on the affected resource are unavoidable.
— The viability of the affected resource may be threatened, and
— The affected resource would not fully recover even if proper mitigation is
applied during the life of the project or remedial action is implemented
once the impacting stressor is eliminated.

4.1.4.2 Impact Levels for Societal Issues

The following impact levels are used for the analysis of demography, employment, and
regional income; land use and infrastructure; commercial and recreational fisheries; tourism and
recreation; sociocultural systems; environmental justice; and archeological and historic
resources.

* Negligible: No measureable impacts.

« Minor:
— Adverse impacts on the affected activity, community, resource could be
avoided with proper mitigation.
— Impacts would not disrupt the normal or routine functions of the affected
activity or community.
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— Once the impacting stressor is eliminated, the affected activity or
community will, without any mitigation, return to a condition with no
measureable effects.

* Moderate:

— Impacts to the affected activity, community, or resource are unavoidable.

— Proper mitigation would reduce impacts substantially during the life of the
project.

— A portion of the affected resource would be damaged or destroyed.

— The affected activity or community would have to adjust somewhat to
account for disruptions due to impacts of the project, OR

— Once the impacting stressor is eliminated, the affected activity or
community will return to a condition with no measurable effects if proper
remedial action is taken.

« Major:

— Impacts on the affected activity, community, or resource are unavoidable.

— Proper mitigation would reduce impacts somewhat during the life of the
project.

— All of the affected resource would be permanently damaged or destroyed.

— The affected activity or community would experience unavoidable
disruptions to a degree beyond what is normally acceptable, and

— Once the impacting agent is eliminated, the affected activity or community
may retain measurable effects for a significant period of time or
indefinitely, even if remedial action is taken.

4.2 RELATIONSHIP OF THE PHYSICAL ENVIRONMENT TO OIL AND GAS
OPERATIONS

4.2.1 Physiography, Bathymetry, and Geologic Hazards

4.2.1.1 Gulf of Mexico

4.2.1.1.1 Physiography and Bathymetry. The GOM is a small ocean basin measuring
900 km (660 mi) from north to south and 1,600 km (990 mi) from east to west with a mean water
depth of about 1,615 m (5,300 ft) (Bryant et al. 1991; GulfBase 2011). The basin is almost
completely surrounded by continental landmasses. Its shoreline runs 5,700 km (3,500 mi) from
Cape Sable, Florida, to the tip of Mexico’s Yucatan Peninsula, with another 380 km (240 mi) of
shoreline on the northwest tip of Cuba (GulfBase 2011).

The continental shelf extends from the coastline to a water depth of about 200 m (660 ft).
Width of the shelf varies, ranging from 10 km (6 mi) near the Mississippi Delta to about 280 km
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(175 mi) off the southern tip of Florida and the Yucatan Peninsula. Its topographic relief is
relatively low. Extending from the edge of the shelf to the abyssal plain is the continental slope,
a steep area with high topographic relief and diverse geomorphic features (canyons, troughs, and
salt structures). The base of the slope occurs at a median depth of about 2,800 m (9,190 ft). The
Sigsbee Deep, located within the Sigsbee Abyssal Plain in the southwestern part of the basin, is
the deepest region of the GOM with a maximum depth ranging from 3,750 m (12,300 ft) to
4,330 m (14,200 ft). The GOM basin contains a volume of 2,434,000 km3 (6.43 x 1017 gal) of
water (Shideler 1985; GulfBase 2011).

Antoine (1972) has divided the GOM into physiographic provinces, the components of
which correspond to the ecological regions delineated by the Commission for Environmental
Cooperation (CEC) (Wilkinson et al. 2009). The physiographic regions presented below are
organized from north to south. They are based on the CEC’s nomenclature (Level Il seafloor
geomorphological regions?) and incorporate the physiographic descriptions of Antoine (1972),
Bryant et al. (1991), Shideler (1985), Wilhelm and Ewing (1972), and GulfBase (2011).

Northern Gulf of Mexico Shelf and Slope. On its west side, the northern GOM shelf
and slope extends from the Rio Grande (Texas) to Alabama and from 320 km (200 mi) inland of
today’s shoreline to the Sigsbee Escarpment. It encompasses the Texas-Louisiana Shelf and
Slope and the Mississippi-Alabama Shelf (Figure 4.2.1-1). The major geologic feature in this
province is the Mississippi Fan, which extends from the Mississippi River Delta to the central
abyssal plain. The upper part of the fan (to a water depth of about 2,500 m or 8,200 ft) has a
complex and rugged topography attributed to salt diapirism,2 slumping, and current scour; the
lower part of the fan by contrast is smooth, with a gently sloping surface that merges with the
abyssal plain to the southeast and southwest. The Mississippi Canyon cuts the eastern side of the
Texas-Louisiana Shelf to the southwest of the Mississippi River Delta. The submarine canyon is
thought to have formed from large-scale slumping along the shelf edge. The area is
characterized by thick sediments and widespread salt deposits.

To the east, the northern GOM shelf and slope extends from just east of the Mississippi
River Delta near Biloxi, Mississippi, to the eastern side of Apalachee Bay (west Florida) and
encompasses the West Florida Shelf and Terrace (Figure 4.2.1-1). The shelf in this region is
characterized by soft terrigenous (land-derived) sediments. Sediments are thick west of DeSoto
Canyon; Mississippi River-derived sediments cover the western edge of the carbonate platform
of the West Florida Shelf. The Florida Escarpment, with slopes as high as 45° in places,

1 The CEC’s Level II seafloor geomorphological regions are determined by large-scale physiography
(e.g., continental shelf, slope, and abyssal plain) and extend offshore to a depth of 370 km (200 mi). The
designation of Level Il regions is helpful to understanding marine ecosystems because it illustrates the
importance of depth as a major determinant of benthic marine communities and shows how physiographic
features can influence current flows and upwelling (Wilkinson et al. 2009). Other sections (e.g., Section 3.2 on
Marine and Coastal Ecoregions) provide finer scale Level 111 region descriptions that take into account local
variables such as water mass, regional landforms, and biological community types on the continental shelf.

2 salt diapirism refers to a process by which natural salt (mainly halite but also including anhydrite and gypsum)
in the subsurface deforms and flows in response to loading pressures from overlying sediments. Because of its
low density, salt tends to flow upward from its source bed, forming intrusive bodies known as diapirs. Salt
diapirs are common features of sedimentary basins like the Gulf of Mexico (Nelson 1991).

Environmental Consequences 4-11



saausnbasuo) |eluswiuolInug

cl-v

30°N—

28°N—

26°N—

0 100 200 Kilometers

24°N—

20°N—

Physiographic Features
Gulf of Mexico Region

Legend
Planning Area Boundary
200 m Depth Contour
Quaternary Fault Area

Age (Years Before Present)
0 <15,000

7] <1,600,000

Depth Zones (in meters)
[Jo-60

[ 60-200

[ 200- 800

[ 800 - 1,600

I 1.600-2.400

B Greater Than 2,400

102°W 1ool°w ge;w 96°W 94°W 92°W 90°W 88°W 86°W 84°W 82°W 80°W
Geographic
North American Datum 1927
0 50 100 150 Statute Miles

We'stern
Plahying
Area
Central
Planning
Area
Eastern
Planning
Area

MEXICO

Note
The maritime bour@aries’shown above,
as well as the divisionof planningrareas;
are for initial plannifig purposes-only‘and
do.not prejudice or affect United States
Jurisdietion n any‘way.

BOE042

|}
102°W 100°W

I
98°'W

I I
292°W 82°W 80°W

FIGURE 4.2.1-1 Physiographic Regions of the GOM (based on Bryant et al. 1991)

TTOZ J3quWanON

S13 anewwelfold yedq weiboid Buisea ses pue 110 SO0 LT02-2T02

n3o4g

10dsn



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

separates the West Florida Shelf from the deeper GOM basin and also forms the southeastern
side of DeSoto Canyon.

South Florida/Bahamian Shelf and Slope. This region is the submerged portion of the
Florida Peninsula. The region extends along the West Florida coast from Apalachee Bay
southward to the Straits of Florida and includes the Florida Keys and Dry Tortugas. Sediments
become progressively more carbonate (ocean-derived) from north to south with thick
accumulations in the Florida Basin. The basin may have been enclosed by a barrier reef system
at one time. The Jordon Knoll, located within the Straits of Florida, is composed of remnants of
the ancient reef system.

Gulf of Mexico Basin. The GOM Basin consists of the continental rise, the Sigsbee
Abyssal Plain, and the Mississippi Cone. The continental rise is situated between the Sigsbee
Escarpment and the Sigsbee Abyssal Plain (Figure 4.2.1-1). It is a large wedge of sediments
originating from the unstable continental slope (deposited by gravity flows). The Sigsbee
Abyssal Plain is the deep, flat portion of the GOM bottom just northwest of the Campeche
Escarpment. It is 450 km (280 mi) long and 290 km (180 mi) wide and covers an area of more
than 103,600 km?2 (40,000 mi2). The plain is underlain by very thick sediments (up to 9 km, or
5.6 mi); the only major topographical features in this region are the small salt diapirs that form
the Sigsbee Knolls. The Mississippi Cone lies between the Mississippi Canyon to the west and
DeSoto Canyon to the east. It is the portion of the Mississippi River Delta that has accumulated
at the base of the continental slope.

4.2.1.1.2 Geologic Hazards. Several types of geologic hazards are known to occur in
the marine environment of the GOM region, most of which present a risk to offshore oil and gas
activities because they contribute directly or indirectly to seafloor instability. As a result,
seafloor instability is likely the principal engineering constraint to the emplacement of bottom-
founded structures, including pipelines, drilling rigs, and production platforms.

Geologic hazards within the GOM are common on the northern continental slope
(Figure 4.2.1-1) because of its high sedimentation and subsidence rates and the compensating
movement of underlying salt. Geologic hazards are frequently concentrated in the areas along
the edges of intraslope basins3 where topography is high and complex. These intervening
regions are created by shallow diapiric salt bodies and are steeply sloped and highly faulted.
They are also areas of natural fluid and gas migration to the seafloor surface
(Roberts et al. 2005). The potential geologic hazards in the GOM region are described below.

Irregular Topography. The regional topography of the continental slope is irregular,
consisting predominantly of domes, ridges, and basins. On a more local scale, topographic
features include slope failures, mounds, depressions, and scarps4 (Roberts 2001). Such features

3 Intraslope basins are flat, featureless areas on the continental slope of the northwestern GOM where sediment
depositional processes predominate.

4 Scarps (or escarpments) are steep bluff-like features formed by the downward displacement of sediments or
rocks along a vertical fault plane.
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produce a wide range of potential hazards to drill rigs, bottom-laid and buried pipelines, and
production platforms. The most topographically rugged province in the region is the Texas-
Louisiana Slope, a 120,000- km2 (46,300-mi2) area of banks, knolls, basins, and domes where
local slope gradients can exceed 20°. Topographic variability in this area is attributed to the
movement of salt in the subsurface and the natural venting and seepage of petroleum and other
fluids at the seafloor surface (Roberts et al. 2005; Bryant and Lui 2000; Kennicutt and

Brooks 1990; Roberts et al. 1998).

Substrate types range from lithified (rock-like) hard bottoms® (bioherms, hardgrounds,
carbonate banks, and outcrops) to extremely soft, fluid mud bottoms. Hard-bottom substrates are
associated with topographic highs (most often created by salt diapirs) and present hazards to
activities such as drilling, locating production platforms, and laying pipelines. The coral reefs of
the Flower Garden Banks in the northwestern GOM are an example (Roberts et al. 2005; Roberts
and Aharon 1994; Schmahl et al. 2011; see also Sections 3.7.2.1.2 and 3.9.1.2.1).

Bedforms and Bedform Migration. Bedforms are depositional features on the seabed
that form by the movement of sediment caused by bottom currents. An extensive field of
bedforms, ranging in size from small ripples and mudwaves to large furrows, is present at the
base of the continental slope (along the Sigsbee Escarpment) in the GOM (Bean 2005; Bryant
and Liu 2000). Large bedforms and their migration create potential navigation hazards and may
undermine submarine pipelines. Numerous studies of these features relate their morphology and
migration to water depth, availability of sediment, grain size, and current velocity (Whitmeyer
and FitzGerald 2008).

Deep tow surveys conducted by Texas A&M University have found that the 30-m (98-ft)
wide and 10-m (32-ft) deep furrows to the south of the Sigsbee Escarpment parallel the regional
contours and extend for tens to hundreds of kilometers. These features indicate the long-term
presence of high-velocity bottom currents along the base of the escarpment (Bryant and
Liu 2000). Bean (2005) estimates current velocities in this region to be as high as 95 cm/s
(37 in./s), significant enough to affect structures on the seafloor or in the water column. The
bedforms have steep upstream-facing sides (where deposition takes place), suggesting they
migrate in an upcurrent direction (Bean 2005).

Bottom Scour. Vigorous tidal circulation and storm waves have an important effect on
the transport of sediments on the surface of the continental shelf. Episodic sediment movement
caused by waves and ocean currents can undermine foundational structures and move
unanchored bottom-laid pipelines (as reported by Thompson et al. 2005 and Coyne and
Dollar 2005). Teague et al. (2006) estimate that in 2004 Hurricane Ivan displaced as much as
100 million m3 (3.5 billion ft3) of sediment from a 35 by 15 km (22 by 9 mi) region in the
storm’s path, causing up to 36 cm (14 in.) of scour at moorings in areas over which the
maximum wind stress occurred. Bottom scour occurs as a result of sediment resuspension by

5 Hard bottoms formed on diapiric high areas beyond the shelf edge during periods of lowered sea level in the late
Pleistocene. During this time, the areas provided a substrate for the colonization of sedentary marine organisms.
As sea level rose, the remains of the colonized organisms in these areas became fossilized, forming bioherms
(e.g., fossilized coral reefs) and shallow banks (Robert et al. 2005).
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waves and current-driven transport of entrained sediments. Sediments entrained in bottom
currents increase water density and mass, giving the strength to cause further scouring. In
addition, wind-generated surface waves apply cyclic pressure to bottom sediments causing
seabed motion (liquefaction).

Fluid and Gas Expulsion. There are a wide range of natural fluid and gas® expulsion
processes in seafloor sediments across the northern GOM continental slope. The geologic
features related to these processes are variable and depend largely on the rate and duration of
delivery as well as the composition of the fluid and gas expelled (Hardage 2011; Roberts 2001a).
These include mud volcanoes, flows, and vents, resulting from rapid-flux or mud-prone
processes; gas hydrate mounds and chemosynthetic communities, resulting from moderate-flux
processes; and hard bottoms (carbonate mounds, hardgrounds, and nodular masses), resulting
from slow-flux or mineral-prone processes (Roberts 2001a, 2002). Below water depths of about
500 m (1,640 ft), moderate-flux processes dominate, promoting gas hydrate formation at or near
the seafloor and creating conditions optimal for sustaining dense and diverse chemosynthetic
communities. Rapid- and slow-flux processes may also occur on a more local scale at these
depths (Roberts 2002). Pockmarks — circular to oval depressions resulting from the removal of
sediment near areas of rapid (and possibly explosive) gas expulsion — have been mapped along
the northern continental shelf and slope. Some of these features are over 300 m (1,000 ft) in
diameter (BOEMRE 2011n).

The main geologic hazard stemming from the processes of fluid and gas expulsion (seeps
and eruptions) is seabed slope failure (submarine slumps and slides), especially on the
continental slope and within active river deltas and submarine canyons. Fluid and gas releases
lower sediment shear strengths and as a result can destabilize seabed structures such as cables,
pipelines, and platforms.

Studies using high-resolution seismic and side-scan sonar have shown that the linear
spatial distribution of seafloor features caused by fluid and gas expulsion can usually be
correlated with faults intersecting the modern seafloor. Faults are important conduits for the
upward natural migration of fluids and gases through the sedimentary column to the seafloor
(Roberts 2001b). Neurater and Bryant (1990) report that it is the churning action of upwelling
fluids and gases that causes a “slurry” of unconsolidated mud to form and migrate to the surface
of the seafloor.

Along the Texas-Louisiana Shelf, shallow gas accumulations are most common in old
channel systems. Shallow gas accumulations are also found in areas affected by salt uplift where
numerous faults form pathways to near-surface sediments, creating small gas pockets that
become sealed in thin clay layers (Foote and Martin 1981).

6 Gases (predominantly methane) migrating from the seabed originate from both deep sources (termed
thermogenic gases because they are heat-generated) and more shallow sources (termed biogenic or microbial
gases because they are derived from the activity of microorganisms). Regardless of origin, high-pressure
methane is highly mobile, flammable, and buoyant and poses a great hazard to drilling operations when
encountered (Judd and Hovland 2007).
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Natural Gas Hydrates. Gas hydrates are naturally occurring solids composed of
hydrogen-bonded water lattices (also known as clathrates) that trap methane and other low-
weight gas molecules (e.g., carbon dioxide, propane, and ethane). They form in deepwater ocean
sediments within a surface-parallel layer referred to as the hydrate stability zone under
conditions of high pressure and low temperature. In the GOM, gas hydrate deposits are found in
localized deepwater areas at or near the seafloor (intersecting the seafloor at a water depth of
about 500 m, or 1,640 ft). They occur as a disseminated accumulation in the pore spaces of
sedimentary units across vertical sections ranging in thickness from a few centimeters to several
hundred meters. In more massive form, they occur in faults, fractures, and nodules and range in
thickness from a few centimeters to several hundred meters. The size and shape of the hydrate
stability zone are influenced by the presence of numerous salt features (Boatman and
Peterson 2000; Roberts 2001b; MMS 2006a; Frye 2008).

Because they are pressure- and temperature-sensitive, gas hydrates (if present) can easily
dissociate and rapidly release large amounts of gas during a drilling operation. Hydrate
dissociation may trigger seafloor slumps and catastrophic landslides, which pose significant
hazards for offshore oil and gas operations, including the loss of support for drilling and
production platforms and pipelines, collapse of wellbore casings, and seafloor subsidence around
wellbores where gas has leaked to the surface. As drilling operations in the GOM move into
deeper waters, gas hydrate outcrops are likely to be encountered more frequently (Boatman and
Peterson 2000; Roberts 2001b; MMS 2006a).

In addition to their natural occurrence in sediments, gas hydrates may also form on
drilling equipment and in pipelines in deep water, trapping methane and other gas molecules and
posing hazards such as drilling difficulties, blockages and pressure buildup in valves and
pipelines, and an increased risk of well control loss (Boatman and Peterson 2000).

Shallow Water Flow. Shallow water flow is a deepwater drilling hazard that occurs
when overpressured, unconsolidated sands are encountered at shallow depths, 460 to 2,100 m
(1,500 to 7,000 ft) below the seabed (Huffman and Castagna 2001). When encountered, these
sands are prone to uncontrolled flow, potentially damaging the well and causing well casing
failure — which could result in the loss of the well.” In extreme cases, overpressured sands have
been known to erupt, creating seafloor craters (due to collapse), mounds, and cracks. Shallow
water flow sands are difficult to detect seismically because there is little contrast in acoustic
impedance at sand/shale interfaces at shallow depths (Lu et al. 2005; Ostermeier et al. 2002);
however, some investigators are having success using high-resolution multi-component seismic
data to delineate anomalies to identify zones that might produce shallow water flow
(e.g., Hoffman and Castagna 2001).

Slope Failure. Submarine slope failures result from processes that reduce the shear
strength of sediment on submarine slopes and/or increase the main driving force (gravity) that
promotes the downslope movement of sediments. Hance (2003) summarizes the published
literature on submarine slope failure and identifies 14 triggering mechanisms, a subset of which

7 Shallow water flow is estimated to have occurred in about 70% of all deepwater wells (Hoffman and
Castagna 2001).
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is relevant to the GOM shelf and slope: (1) sedimentation processes that involve rapid
deposition, especially in offshore delta areas and at the base of submarine canyons; (2) increased
fluid pressures resulting from the disassociation of gas hydrates and the release and accumulation
of free gas; (3) ocean storm waves and subsurface current (internal) waves; (4) tidal events,
especially along coastlines; (5) human activities such as construction and dredging, usually along
coastlines; (6) salt diapirism, which oversteepens soils on the flanks of diapirs; (7) mud-related
volcanic activity; and (8) sediment creep, a process involving the slow movement of large
masses of sediment.

Mudflows occur within well-defined gullies along the submerged portion of the
Mississippi Delta, creating unstable conditions vulnerable to failure. Areas between the
mudflow gullies have lower sedimentation rates and are considered to be generally stable.
Active deposition takes place downslope of the gullies. Damage to pipelines and production
facilities due to mudflow overruns has been documented in this region (Hitchcock et al. 2010).
Other forms of sediment instability along the delta front include collapse depressions, submarine
landslides, and shelf-edge slumps (Coleman et al. 1991; Coleman and Prior 1988).

Nodine et al. (2006) also reported pipeline damage by mudslides within (and confined to)
the mudflow lobes along the delta front during Hurricane lvan in 2004.

Faulting. Faulting occurs on a range of scales within the GOM continental shelf and
slope, from major growth faults8 that cut across thousands of meters of sedimentary section to
much smaller faults related primarily to salt movement in the shallow subsurface. Vertical
offsets along faults create steep scarps on the seafloor, leading to various forms of subaqueous
mass movement (falls, slides or slumps, flows, and turbidity flow) that contributes to the
seafloor’s irregular topography. Faults also provide pathways for the upward migration and
expulsion of fluids and gas at the seafloor surface (Roberts 2001b; Coleman and Prior 1988).

Active faults could pose a hazard to oil and gas activities in areas of rapid deposition and
subsidence (such as the Mississippi Delta), especially in areas where formation fluids such as
water and oil are withdrawn. In the GOM, fault activity is thought to be most prevalent on steep
slopes at the shelf edge where sediment accumulation creates loading stress that is periodically
relieved by sudden faulting and associated with active salt diapirs on the upper slope (Foote and
Martin 1981).

4.2.1.2 Alaska — Cook Inlet

The Cook Inlet Planning Area encompasses the lower half of Cook Inlet (referred to as
lower Cook Inlet) and Shelikof Strait. The following descriptions of physiography, bathymetry,

8 Growth faults are normal (extensional) faults that form at the same time massive volumes of sediments are
accumulating within an area of high deposition, such as the Mississippi Delta. The fault plane is typically well-
defined and is linear or concave and fairly steep. Growth faults exhibit greater offset with increasing depth and
extend more than 150 m (500 ft) below the sea floor. They are most common on the outer shelf and upper slope
where sediment accumulation and subsidence are greatest (Foote and Martin 1981; MMS 2006;

Teague et al. 2006).
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and geologic hazards address physiographic features and geologic processes throughout Cook
Inlet (including the upper inlet) for completeness.

4.2.1.2.1 Physiography and Bathymetry. Cook Inlet is a northeast-trending, 350-km
(220-mi) long tidal estuary on the south-central coast of Alaska. It is situated between the
Kenai Peninsula and Alaska Peninsula and extends from Anchorage to the Gulf of Alaska
(Figure 4.2.1-2). The inlet is composed of three distinct physiographic regions: the head, the
upper inlet, and the lower inlet. The head region lies at the northernmost end of Cook Inlet and
consists of two long and narrow bays: Knik and Turnagain Arms, both of which have extensive
tidal marsh flats during low tide. Knik Arm begins at the confluence of the Knik and Matanuska
Rivers, about 50 km (31 mi) inland; it ranges in width from about 2 to 10 km (1.2 to 6.2 mi).
The Port of Anchorage is located on the southeast shore of Knik Arm, at the mouth of Ship
Creek. Turnagain Arm extends about 75 km (47 mi) inland to the railroad depot at Portage; it
ranges in width from about 2 to 26 km (1.2 to 16 mi). Fire Island is located at the midpoint
between Knik and Turnagain Arms, just off the coast of Anchorage (Mulherin et al. 2001).

Upper Cook Inlet is about 95 km (59 mi) long and extends from Point Campbell to the
East and West Forelands (Figures 4.2.1-2 and 4.2.1-3). It ranges in width from 20 to 30 km
(12 to 19 mi) and narrows to 16 km (10 mi) between the Foreland peninsulas. Several shallow
shoals occur in this region, including Middle Ground Shoal, just north of the Forelands and north
of the inlet’s midline; Beluga Shoal, due south of the mouth of Susitna River, at the inlet’s
midline; and Fire Island Shoal, due west of Fire Island. Water depths in upper Cook Inlet are
generally less than 37 m (120 ft), with the greatest depths at Trading Bay, the largest bay in the
upper inlet, just east of the mouth of McArthur River (Mulherin et al. 2001; ADNR 2009a).

Lower Cook Inlet is about 200 km (120 mi) long and lies between the Foreland
peninsulas and the inlet’s mouth, which opens to the Gulf of Alaska between Cape Douglas on
the Alaska Peninsula and Cape Elizabeth on the Kenai Peninsula (Figures 4.2.1-2 and 4.2.1-4).
There are several islands within the lower inlet, including Augustine Island, in Kamishak Bay;
Chisik Island, at the mouth of Tuxedini Bay; and Kalgin Island, about 30 km (19 mi) south of the
Forelands. The Barren Islands and Chugach Islands are located at the inlet’s mouth. The
bathymetry is characterized as having sloping sides forming a central depression (Cook Trough)
that gradually deepens to the south and widens as it approaches the Cook Plateau near the mouth
of the inlet. The depression bifurcates to the north into two channels, divided by a narrow shoal
(Kalgin Platform) extending southward from Kalgin Island. The Cook Plateau lies between the
lower end of the Cook Trough and the top of Cook Ramp, a gently sloping ramp delineating the
sandy sediments to the north and muddy sands to the south. The Cook Plateau and parts of the
Cook Ramp are covered by bedforms of various sizes. The ramp slopes from a water depth of
about 70 m (230 ft) to about 120 to 130 m (390 to 430 ft) as it approaches the north end of the
Shelikof Trough (Mulherin et al. 2001; ADNR 2009a; Bouma 1981; Bouma et al. 1978a).

The Chinitna Platform covers most of the western part of lower Cook Inlet

(Figure 4.2.1-2). lts surface is smooth with numerous small topographic highs and lows. Most
of the bottom is hard and covered by coarse-grained sediment and shells (although embayments
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may have muddy bottoms). Augustine Island is located on the platform, and a shallow area,
known as the Augustine Apron, encircles the island (Bouma 1981).

There are three entrances to the lower inlet from the Gulf of Alaska; these are the
Kennedy and Stevenson Entrances on either side of the Barren Islands off the northeastern end of
the Kodiak Islands and the opening of Shelikof Strait on the inlets’ southwestern end.

Shelikof Strait lies between the Kodiak Island group and the Alaska Peninsula and also
has a northeast orientation (Figure 4.2.1-2). The strait is about 200 km (120 mi) long, with an
average width of about 45 km (27 mi). The seafloor in this region consists of a flat, central
platform (coinciding with the Shelikof Trough) that slopes gently to the southwest. The platform
is flanked by narrow marginal channels than run alongside the Kodiak Islands and the Alaska
Peninsula. Relief on the platform and within the marginal channels can be as high as 100 m
(330 ft) locally. Water depths in Shelikof Strait increase gradually in a southwestward direction,
ranging from about 80 m (260 ft) at the mouth of Cook Inlet to more than 300 m (980 ft) off the
west end of the Kodiak Islands (Hampton et al. 1978; Bouma 1981; Hampton et al. 1981). Deep
subsurface faults (offsetting rocks of Tertiary age or older) occur along the margins of Shelikof
Strait and run parallel to the shorelines of Kodiak Island and the Alaska Peninsula. Shallow
faults are more recently active and occur throughout the strait — along its margins, as growth
faults, and in association with structural highs (horsts or remnant volcanic necks) — and trend
predominantly to the northeast (Hoose and Whitney 1980).

4.2.1.2.2 Geologic Hazards. Several types of geologic hazards are known to occur in
the marine environment of Cook Inlet and Shelikof Strait and may present a risk to offshore oil
and gas activities because they are dangerous to navigation or potentially damaging to marine
structures. The potential geologic hazards in Cook Inlet and Shelikof Strait, except for sea ice,
which is addressed in Section 4.2.2.1.1, are described below.

Seafloor Instability. The generally shallow nature and large tidal range of Cook Inlet
(9 m [30 ft]) produce rapid currents. The Coriolis effect is also pronounced at this latitude, and
during peak flow, all these factors combine to create strong cross-currents and considerable
turbulence (strong currents and turbulence are also generated as tides flow through the
constricted Forelands area). High current velocities and turbulence keep fine sediments (silt and
clay) in suspension, so they are transported far from their source in the head region — the
Susitna and Knik Rivers — and then back again with the incoming tide. As a result, bottom
sediments throughout most of the inlet are predominantly coarse-grained (cobbles, pebbles, and
sand) with only minor amounts of silt and clay. Grain size distribution in the inlet, which
reflects the type and energy of transportation during the tidal cycle, is as follows: (1) sand, in the
head region to the east of the Susitna River; (2) sandy-gravel and gravel, in the upper inlet and
the upper part of the lower inlet (to Chinitna Bay); and (3) gravelly sand with minor silt and clay,
in the lower inlet as far as the Barren Islands (Sharma and Burrell 1970).

MMS (1995a) concluded that the bottom sediments in Cook Inlet provide a stable

substrate with no unusual geotechnical issues. This conclusion was based on the nature of
bottom sediments in Cook Inlet (mainly coarse-grained), the low rate of sediment accumulation,
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and the low relief of the seafloor. Previous studies found no areas of soft, unconsolidated
sediments or evidence of failed or unstable slopes.®

Bedforms and Bedform Migration. Bedforms are depositional features on the seabed
that form by the movement of sediment by strong bottom currents. Bedforms are common in
Cook Inlet and occur as sand waves, dunes, sand ribbons, sand ridges, and megaripples with
wavelengths ranging from 50 to 800 m (160 to 2,600 ft) and heights from 2.0 to 14 m (6.6 to
46 ft). The type of bedform occurring at a given location depends on factors such as sediment
size and availability, water depth, and current velocity (Hampton 1982a). Bedform migration
and the strong bottom currents that cause it are known to be hazardous to offshore operations in
upper Cook Inlet because they undermine or bury bottom-founded structures such as anchors and
pipelines (Bouma et al. 1978b; Bouma and Hampton 1986; Whitney et al. 1979; Bartsch-
Winkler 1982). Several pipeline failures in Cook Inlet have been attributed to sediment
movement that results from current-sediment interaction (ADNR 2009a).

The largest bedform fields in lower Cook Inlet occur in its central and southern parts
(especially on Cook Plateau and Cook Ramp) where bottom current velocities may be as high as
50 cm/s (20 in./s) (Whitney and Thurston 1977; Bouma et al. 1978b; Bouma 1981). Studies
conducted in the lower inlet indicate sand grains move mainly during storm events and in
response to ebb and flood cycles, especially during spring tide (Bouma and Hampton 1986).

Shallow Gas. Shallow gas is a hazard to drilling operations when encountered because it
increases the potential for loss of well control. Shallow gas-charged sediments10 have been
documented in Cook Inlet, and loss of well control incidents have occurred at the Steelhead
platform (well M-26; 1987-1988) and Grayling platform (well G-10RD; 1985) in upper Cook
Inlet north of the West Foreland. The incident at the Grayling platform stopped on its own as a
result of well bore collapse that naturally sealed off the escaping fluids and gases. At the
Steelhead platform, however, some injuries to workers and damage to the platform occurred as a
result of escaping gases that caught fire (ADNR 2009a).

Whitney and Thurston (1981) delineated shallow gas-charged sediment areas at depths of
less than 50 m (160 ft) below the seafloor in lower Cook Inlet based on high-resolution seismic
profiles. The areas occur to the west of the Barren Islands between bathymetric contours 150 km
and 180 km (93 mi and 110 mi) and to the southeast of Augustine Island between bathymetric

9 Studies of sediments in the head region (at the northernmost end of Cook Inlet), however, do indicate soft
sediments (e.g., in Knik Arm) that have unstable banks and bottoms and a high liquefaction potential. Surface
bedforms are common features in these sediments (Bartsch-Winkler 1982).

10 Natural gas (predominantly methane) in Cook Inlet sediments likely originates from the decay of trapped organic
matter in recent sediments and seepage from deeper sources, as reported by Molnia et al. (1979) for the Gulf of
Alaska. Gas from deeper sources in the Cook Inlet basin has two types of occurrences: (1) the shallow reserves
of biogenic gas in the Sterling, Beluga, and upper Tyonek Formations of the nonmarine Kenai Group of Tertiary
age, at depths less than 2,300 m (7,500 ft); and (2) the oil-associated (thermogenic) gas in the lower Tyonek
Formation, the Hemlock Conglomerate, and the West Foreland Formation at the base of the Tertiary section,
having migrated from underlying marine source rocks of Jurassic age (Claypool et al. 1980). Regardless of
origin, high-pressure methane is highly mobile, flammable, and buoyant and poses a great hazard to drilling
operations when encountered (Judd and Hovland 2007).

Environmental Consequences 4-23



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

contours 20 km and 100 km (12 mi and 62 mi) (Whitney and Thurston 1981). Although areas of
gas-charged sediments can be identified in high-resolution marine seismic data, the
concentrations of gas in sediments are highly variable over small lateral and vertical distances
(Hampton 1982b).

Hoose and Whitney (1980) mapped possible gas-charged sediments in the shallow
subsurface at the northeast end of Shelikof Strait (also based on high-resolution marine seismic
data).

Seismicity. Seismicity in the Cook Inlet region is related to movement along the Alaska-
Aleutian megathrust fault as the northwestward-moving Pacific plate subducts into the mantle
beneath the North American plate (Figure 4.2.1-5). Shallow crustal earthquakes are generated as
a result of deformation of the overriding North American plate; deeper earthquakes occur along
the interface of the plates (Benioff Zone) that extends from the trench to depths of 40 to 60 km
(25 to 37 mi), deepening to the northwest. Within the subducting Pacific plate, earthquakes can
be as deep as 300 km (186 mi) (Rhea et al. 2010).

Major fault systems occur along the margins of the Cook Inlet basin. They include the
Castle Mountain, Lake Clark, and Bruin Bay Faults, located to the north and northwest; and the
Border Ranges Fault, on the Kenai Peninsula to the southeast (Figure 4.2.1-2). The faults have a
northeast strike and are among the largest strike-slip fault systems in Alaska. Of these, only the
Castle Mountain Fault has been active in recent times (with several earthquakes with an inferred
My of 7.1 occurring in the past 4,100 years along the southern slopes of the Talkeetna
Mountains) (Labay and Haeussler 2001; Haeussler et al. 2000). There is no evidence of recent or
Quaternary movement along the Lake Clark or Bruin faults. Haessler and Saltus (2004)
identified a 26-km (16-mi) right-lateral offset on the Lake Clark Fault that likely occurred in the
past 34 to 39 million years (Late Eocene), based on aeromagnetic data. The most recent activity
on the Border Ranges fault system likely occurred less than 24 million years ago (Neogene);
some investigators suggest activity may have been as recent as several thousand years ago
(Stevens and Craw 2004).

The highest magnitude earthquakes in Alaska are associated with the Alaska-Aleutian
megathrust zone and are common in the Aleutian Islands, the Alaska Peninsula, and the Gulf of
Alaska. Since 1900, six earthquakes over magnitude 8.4 have occurred in these regions (some of
which predate oil and gas activities in Cook Inlet) (Rhea et al. 2010).

Since 1973, more than 1,200 earthquakes have been recorded in the Cook Inlet region
(USGS 2011a). Of these, 10 had magnitudes greater than 6.0. The two largest earthquakes
occurred in 1999 and 2001 and were located on Kodiak and Sitkalidak Islands (Figure 4.2.1-2).
Each earthquake registered a moment magnitude (M) of 7.0 (Figure 4.2.1-2).

11 Moment magnitude (M) is used for earthquakes with magnitudes greater than 3.5 and is based on the moment
of the earthquake, equal to the rigidity of the earth times the average amount of slip on the fault times the amount
of fault area that slipped. Moment magnitude is the preferred magnitude for all earthquakes listed in USGS
databases. It replaces the more general usage of “M,” which is used to describe historical earthquakes in the
literature. An “M” denotes a magnitude consistent with the Richter scale (USGS 2010).
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Earthquakes greater than M 6.0 pose a risk to the Cook Inlet region by triggering floods
and landslides. Earthquakes greater than M 7.0 may trigger a tsunami and cause emergency
events such as fires, explosions, and hazardous material spills and a disruption of vital services
(water, sewer, power, gas, and transportation).

Cook Inlet lies within an area where the peak horizontal accelerations of 0.30 and 0.40 g
have a 10% probability of exceedance in 50 years (USGS 1999). Shaking associated with this
level of acceleration is generally perceived as very strong to severe, and the potential for damage
to structures is moderate to heavy (Wald et al. 2005). Given the high intensity of ground shaking
and the high incidence of historic seismicity in the Cook Inlet region (i.e., 1,200 earthquakes in
the past 40 years with 10 exceeding M 6.0) the potential for liquefaction in inlet sediments is also
likely to be high, but only in areas like the head region and upper inlet where sediments are
composed of glacial silt and fine sands, as demonstrated by the widespread liquefaction
documented in Turnagain Arm during the Great Alaska Earthquake of 1964. Areas like the OCS
where bottom sediments are more coarse-grained are not likely to be affected (Greb and
Archer 2007).

Volcanic Activity. There are four monitored volcanoes located in the Cook Inlet region
(from north to south): Spurr, Redoubt, Iliamna, and Augustine (Figure 4.2.1-2; Table 4.2.1-1).
These volcanoes are part of the Aleutian Island Arc, a chain of volcanoes extending from
south central Alaska to the far western tip of the Aleutian Islands. Three of these volcanoes
(Spurr, Redoubt, and Iliamna) are located to the west of Cook Inlet. Augustine is an island
volcano in lower Cook Inlet; it is the most active volcano in the region. All but lliamna
have erupted several times in the past 150 to 200 years and may erupt again in the future
(Waythomas et al. 1997; Waythomas and Waitt 1998). Because of their composition, volcanoes
in the Cook Inlet region are prone to explosive eruptions. Hazards in the immediate vicinity of
the eruption include volcanic ash fallout and ballistics, lahars (mudflows) and floods, pyroclastic
flows and surges, debris avalanches, directed blasts, and volcanic gases. Lease areas in Cook
Inlet would be out of the range of most of these eruption hazards except during very large
eruptions (on the scale of the 1980 Mount St. Helens eruption), which tend to be rare events
(Combellick et al. 1995; ADNR 2009a). Ash fall associated with the 2009 eruption of Redoubt
forced the temporary closure of the Anchorage Airport (ADN 2009); however, there were no
reports that it affected oil and gas operations or damaged infrastructure within or around Cook
Inlet.

Drainages with headwaters near the three onshore Cook Inlet volcanoes are susceptible to
lahars (mudflows) and floods during volcanic eruptions due to the permanent snow and ice
stored in snowfields and glaciers on the upper flanks of the volcanoes that can generate flooding
upon melting. For example, the Redoubt eruption that occurred in 1989-1990 caused significant
melting of the Drift Glacier, generating lahars that inundated the Drift River valley and
threatened the Drift River Oil Terminal. Oil storage tanks were damaged (although the tanks did
not rupture) and loading operations at the terminal (and associated pipeline and platform
services) were interrupted for several months, but resumed once a protective dike was installed
around the tank farm and support facilities. The interruption in operations at the terminal caused
a significant financial impact to the area (Waythomas et al. 1997; ADNR 2009a; KPB 2011).
Drainages vulnerable to volcanically induced floods are the Chakachatna River drainage (from
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TABLE 4.2.1-1 Monitored Volcanoes near Cook Inlet2

USDOI
BOEM

Volcano Description/Location Historical Eruptions Potential Hazards

Mount Spurr  Ice- and snow-covered stratovolcano 1953 and 1992 (Crater ~ Ash clouds, ash fall and bombs, pyroclastic
on the west side of Cook Inlet, about  Peak flank vent about flows and surges, and mudflows (lahars)
120 km (75 mi) west of Anchorage. 3.5 km [2 mi] south of  that could inundate drainages on all sides of
Peak; elevation is 3,374 m summit). the volcano, but primarily on south and east
(11,070 ft). flanks. Eruptions at the Crater Peak vent

were brief and explosive, producing
columns of ash.

Redoubt Stratovolcano on the west side of 1902, 19661968, Ash clouds, ash fall and bombs, pyroclastic
Cook Inlet, about 170 km (106 mi) 1989-1990, and 2009.  flows and surges, debris avalanches,
southwest of Anchorage. Peak directed blasts, volcanic gases, tsunamis,
elevation is 3,108 m (10,197 ft). and mudflows (lahars) and floods that could

inundate drainages on all sides of the
volcano, primarily on the north flank. The
1989-1990 eruption produced a lahar that
traveled down the Drift River and partially
flooded the Drift River Oil Terminal
facility. Significant ash plume. Ash fall
from the 2009 eruption forced the airport in
Anchorage to close temporarily (ADN
2009); there were no reports of damage to
oil and gas operations in Cook Inlet. Tephra
from future eruptions could travel several
hundred kilometers from the volcano
(carried by prevailing winds to the
northeast).

Iliamna Ice- and snow-covered stratovolcano  No historical activity. Ash clouds, ash fall and bombs, pyroclastic
on the west side of lower Cook Inlet, flows and surges, debris avalanches, and
about 225 km (140 mi) southwest of mudflows (lahars) and floods that could
Anchorage and 113 km (70 mi) inundate drainages on all sides of the
southwest of Homer. Peak elevation volcano.
is 3,053 m (10,016 ft).

Augustine Island stratovolcano in lower Cook Most active volcano in  Ash clouds, ash fall and volcanic bombs,

Inlet, about 290 km (180 mi)
southwest of Anchorage and 120 km
(75 mi) southwest of Homer. Peak
elevation is 1,260 m (4,134 ft).

region with significant
eruptions in 1812,
1883, 1908, 1935,
1963-1964, 1976,
1986, and 2006.

pyroclastic flows and surges, debris
avalanches, directed blasts, mudflows
(lahars) and floods, volcanic gases,
tsunamis, and lava flows. A large avalanche
on the volcano’s north flank during the

1883 eruption flowed into Cook Inlet and
may have initiated a tsunami at Nanwalek,
about 90 km (56 mi) to the east.

& Volcanoes listed are monitored by the Alaska Volcano Observatory in Anchorage. Other volcanoes in the region west of
Cook Inlet include Hayes and Double Glacier. The Hayes volcano is a stratovolcano remnant, almost completely ice-
covered; no fumeroles have been observed. Most recent eruptions were more than 3,000 years ago. The Double Glacier
volcano is a dome remnant surrounded by the Double Glacier; it is considered to be inactive. There are also numerous
unmonitored volcanoes (e.g., Mt. Douglas and Fourpeaked Mountain) on the Alaska Peninsula to the west of the Kodiak

Islands.

Sources: USGS 2011b; Waythomas and Waitt 1998; Waythomas et al. 1997; Till et al. 1990.
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Trading Bay to the McArthur River), the Drift River drainage (from Montana Bill Creek to Little
Jack Slough), Redoubt Creek, and the Crescent River. The Drift and Chakachatna Rivers are the
most likely to host such floods. Volcanogenic mudflows and floods could affect roads and
onshore and offshore infrastructure such as pipelines (Combellick et al. 1995; ADNR 2009a).

Other (more distal) volcanic-related hazards include volcanic ash clouds and tsunamis.
Volcanic ash is ejected high into the atmosphere and stratosphere by explosive eruptions and
drifts downwind, eventually falling to the ground. Hazards related to ashfalls include damage to
mechanical and electronic equipment (e.g., engines, computers, and transformers) and, in more
rare events, building collapse. Volcanic ashfalls in Cook Inlet are typically less than a few
millimeters in thickness and occur with an average frequency of a few every 10 to 20 years
(Combellick et al. 1995; ADNR 2009a).

An eruption from Augustine volcano in 1883 caused a debris avalanche that entered
Cook Inlet and initiated a tsunami that caused four 4.6 to 9.1 m (15 to 30 ft) waves to hit
Nanwalek about 90 km (56 mi) to the east (Waythomas and Waitt 1998; KBP 2011). Waves of
4.6 m (15 ft) also reportedly struck Port Graham. Boats were swept into the harbor and several
residences were flooded, but damage was minor because the tide was low at the time
(KBP 2011). While the risk of coastal damage from locally generated tsunamis is potentially
high, the probability of occurrence is low. The configuration of Cook Inlet and its narrow
entrances reduce the likelihood that a tsunami generated outside the inlet would create a
significant hazard (Bouma and Hampton 1986).

Flooding. The U.S. Geological Survey (USGS) reports that floods in the Cook Inlet
drainage basin result from intense, warm rains originating in the Pacific Ocean. They are also
caused by the release of water from glacier-dammed lakes or ice jams (and by tsunamis and
seiches, discussed in the next section). Nearly all major floods occur between July and early
October, but they can also occur during snowmelt season (May to June) if the snowpack is above
average (Brabets et al. 1999).

Since streamflow monitoring began in the late 1940s, at least four major floods have
occurred in the drainage basin, covering large areas of the basin and causing considerable
property damage (Brabets et al. 1999):

« May 1971. Snow cover was greater than average along the Alaska Range, and
below-normal air temperatures delayed snowmelt until July, creating
conditions conducive to flooding. Inundated areas included northeast and
west Anchorage and parts of the Susitna and Matanuska River basins.

» October 1986. A large Pacific storm system moved onshore over south
central Alaska, causing record-setting rainfall that caused flooding in the
lower Susitna River Valley, with recurrence intervals greater than 100 years.

» August 1989. Record rainfall caused several streams in the Anchorage area to

exceed prior record peak discharges. The Knik River also recorded a peak
discharge at a 100-year recurrence.
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« September 1995. Remnants of a tropical storm caused flooding along the
Skwentna River, the Knik River and tributaries, the Kenai River, and along
Glacier Creeks (Girdwood). Several rivers discharging to Knik Arm had peak
flows estimated to have been greater than the 100-year flood.

Other floods in the Cook Inlet drainage basin have occurred from glacier-dam outbursts
that result when glacial movement opens a pathway for water trapped behind a glacier to be
released. Rivers on the west side of the upper inlet are subject to outburst floods of great
magnitude as a result of sudden drainage of large, glacier-dammed lakes; among these are the
Beluga, Chakachatna, Middle, McArthur, Big, and Drift Rivers. One of the largest outburst
floods occurred in 1969 (and again in 2007) when water released from glacier-dammed Skilak
Lake lifted ice on the frozen river and severely scoured the river banks as a surge of water and
large chunks of ice travelled downstream. Outburst floods also occur on the Kenai River (east of
Cook Inlet) where a glacier-dammed lake at the headwaters of the Snow River fails every two to
2-5 years. Historically, the Knik River near Palmer (at the northernmost end of Cook Inlet) has
flooded when glacier-dammed Lake George fails. Such floods occur more frequently in the fall
and can be especially severe if the lakes or the Kenai River are already high or frozen
(Brabets et al. 1999; Combellick et al. 1995; ADNR 2009a; KPB 2011).

Ice jam flooding occurs during the spring breakup process when strong ice or
constrictions in a river (bends or obstructions like islands or gravel bars) create jam points that
cause moving ice along the breakup front to stop (NOAA 2011a). It also occurs when low-
density ice masses (frazil ice) become trapped and pile up under surface ice. The ice stoppage
causes water levels to rise and flood the adjacent land. Ice jams are more often associated with
single-channel rivers in interior and northern Alaska than in rivers of the Cook Inlet drainage
basin, but a flood from an ice jam downstream of Skilak Lake in the Kenai River watershed (east
of Cook Inlet) occurred in 1969 after an outburst from Skilak Glacier at the head of Skilak Lake,
creating a record high river stage (74.25 m [22.63 ft]) and causing severe damage in Soldotna.
Ice jams are unpredictable and have the potential to be worse than 100- or 500-year events,
causing heavy damage to bridges, piers, levees, jetties, and other structures along the riverbank
(Brabets et al. 1999; NOAA 2011a; ADNR 2009a; KPB 2011).

Hazards from flooding result from inundation, riverbank instability and erosion, high
bedload transport, deposition at the river mouth, and channel modification and mainly affect
onshore facilities (e.g., terminal facilities and pipelines) (ADNR 2009a). Assessing flood
potential and community vulnerability is difficult because significant natural and man-made
changes occur within floodplains over short time intervals. The KPB has begun Federal
Emergency Management Agency (FEMA) flood insurance rate mapping updates, which are
scheduled to be completed in late 2010. A vulnerability assessment to identify the population,
property, and environment that may be exposed to flooding is also planned for Seward
(KPB 2011).

Tsunamis and Seiches. A tsunami is a series of long ocean waves generated by the
displacement of a large volume of water caused by earthquakes, volcanic eruptions, submarine
landslides, or onshore landslides that rapidly release large volumes of debris into the water.
Most tsunami waves affecting south central Alaska are generated along subduction zones
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bordering the Pacific Ocean where motion along a dip-slip fault and the elastic rebound of
subducting crust, produced by an earthquake of magnitude greater than 6.5 on the Richter scale,
causes vertical displacement of the seafloor. The great seismicity associated with the subduction
zone of the Aleutian-Alaskan megathrust fault system makes the southern coastal region of
Alaska, especially the Gulf of Alaska and the Aleutian Islands, highly susceptible to tsunamis
(Costello 1985).

Tsunamis are typically not hazardous to vessels and floating structures on the open ocean
because of their small wave heights (less than a few feet). However, they are potentially very
damaging to coastal regions and nearshore facilities because wave heights can increase
significantly as tsunamis approach shallow water. High, breaking waves that reach the shoreline
at high tide cause much more damage than waves that are low and nonbreaking or that occur at
low tide (Combellick and Long 1983; MMS 1992).

Because of the shallow, elongated configuration of Cook Inlet and its narrow entrances,
the hazard from distant tsunamis is low. The hazard from local tsunamis is also low because
there are no active surface faults in the inlet, no adjacent steep slopes to serve as sources of
massive slides into the inlet, and no evidence of thick, unstable seafloor deposits that could fail
and create massive underwater slides. Local landslide-generated tsunamis, however, can be
quite large and potentially damaging, as demonstrated by the series of 4.6 to 9.1 m (15 to 30 ft)
waves that reportedly hit Nanwalek and Port Graham on the east side of lower Cook Inlet as a
result of a debris avalanche caused by the eruption of Augustine volcano in 1883 (Waythomas
and Waitt 1998; KBP 2011). Future eruptions of Augustine could potentially generate a tsunami
in lower Cook Inlet if significant volumes of volcanic debris were to enter the sea rapidly
(although this remains a topic of debate). Modeling studies indicate that a moderate wave is
possible (with lead times of about 27 to 125 min), but the likelihood of a tsunami is considered to
be low. None of the last five eruptions of Augustine volcano, including the latest one in 2006,
resulted in a tsunami; nevertheless, the West Coast and Alaska Tsunami Warning Center and the
Alaska Volcano Observatory continue to refine their public outreach strategy to deal with a
volcanogenic tsunami because local consequences of such an event could be high
(Neal et al. 2011; Waythomas and Waitt 1998; ADNR 2009a).

Seiches are periodic oscillations of standing waves in partially or completely enclosed
water-filled basins like lakes, bays, or rivers triggered by changes in wind stress or atmospheric
pressure and, less commonly, by landslides and earthquakes (McCulloch 1966). In Alaska, they
may also be generated by the collapse of deltas into deep glacial lakes (KPB 2011). An example
is the Lituya Bay earthquake of 1958 (M,y 8.2), which caused a landslide at the head of Lituya
Bay (on the Gulf of Alaska) and generated a seiche with a wave run-up of about 530 m (1,750 ft)
(MMS 1992; Bouma and Hampton 1986).

During the Great Alaska Earthquake of 1964 (M,y 9.2), tsunamis were generated by uplift
of the seafloor and seiches were generated by landslides in semiconfined bays and inlets
(USGS 2011b; MMS 1992). Because the Kenai Peninsula is susceptible to earthquakes with
magnitudes greater than M 6.0, the Kenai Peninsula borough mitigation plan rates the coastal
communities and facilities in lower Cook Inlet (south of the Forelands) as highly vulnerable to
tsunamis — vulnerable communities include Port Graham, Nanwalek, Seldovia, Homer, Anchor
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Point, and Ninilchik. The tsunami risk for upper Cook Inlet, however, is considered low because
of its relatively shallow depth and its distance from the lower end of the inlet (KPB 2011).

4.2.1.3 Alaska — Arctic

4.2.1.3.1 Physiography and Bathymetry. The Arctic region is located along the arctic
coastline of Alaska. It is composed of the Beaufort Sea, Chukchi Sea, and Hope Basin Planning
Areas (Figure 4.2.1-6). The Beaufort Sea stretches from the Alaska-Yukon border westward to
Point Barrow. Here, the continental shelf has very low relief (on average 1 m/km;
Craig et al. 1985) and extends 60 to 120 km (37 to 75 mi) from shore to water depths of 60 to
70 m (200 to 230 ft). Large-scale physiographic features are rare on the shelf, although barrier
islands (rising several meters above sea level) and shoals (rising 5 to 10 m [16 to 33 ft] above the
seabed) occur in a chain on the inner shelf along the 20-m (66-ft) depth contour, parallel to the
shoreline. These features are migrating to the west at rates of about 20 to 30 m (66 to 98 ft) each
year (MMS 2008c). Beyond the shelf is the Alaska rise and slope, an area where gravity-driven
slope failures greatly influence the seafloor morphology (Grantz et al. 1994).

The Chukchi Sea is a broad embayment of the Arctic Ocean. It lies to the west of the
Beaufort Sea, between Point Barrow to the east and Cape Prince of Wales to the west
(Figure 4.2.1-6). The continental shelf in this region has low relief and a gentle slope to the
north. Water depths range from about 30 to 60 m (98 to 200 ft) on the shelf and drop sharply to
greater than 3,000 m (9,800 ft) into the Arctic basin to the north and east. There are several
shoals on the shelf. Two prominent shoals, Herald Shoal to the west and Hanna Shoal to the east
(at depths less than 20 m [66 ft] below sea level), are separated by a broad area that is about 35 to
40 m (110 to 130 ft) deep with a central channel. Isolated shoals also occur in the nearshore
region (along the north and west coasts) in water depths of 20 to 30 m (66 to 98 ft). Hope Basin,
a broad and shallow valley with water depths of about 50 m (160 ft), is located to the southwest
of Point Hope (MMS 2008c). The outer edge of the shelf is dissected by gullies and large
erosional features (Phillips et al. 1988).

The Beaufort and Chukchi shelves are separated by the Barrow Sea Valley, a 200-km
(120-mi) long, flat-bottomed basin incised by fluvial erosion during the Pleistocene epoch and
interglacial marine currents (Figure 4.2.1-6). The valley ranges in depths from about 100 to
250 m (330 to 820 ft) (Craig et al. 1985; Phillips et al. 1988).

4.2.1.3.2 Geologic Hazards. Several types of geologic hazards are known to occur in
the marine environment of the Beaufort and Chukchi Seas and may present a risk to offshore oil
and gas activities because they are dangerous to navigation or potentially damaging to marine
structures. The potential geologic hazards in the Arctic region, except for sea ice and permafrost,
which are addressed in Section 4.2.2.1.2 and 4.2.2.2, are described below.

Offshore and Coastal Currents. Marine currents along the central Beaufort shelf are
primarily wind-driven and are strongly regulated by the presence or absence of ice. Sediment is
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transported by these currents along the barrier islands and the coastal promontories, although,
because of the short open water season, the annual rate of longshore sediment transport is
relatively low. The currents along the inner shelf generally flow to the west in response to the
prevailing northeast wind, with current reversals occurring close to shore during storms. Farther
from the shoreline, on the open shelf, the currents average between 7 and 10 cm/s (2.8 to
3.9.in./s). During storms, east-flowing currents have been measured with velocities of up to

95 cm/s (37 in./s), although typical storm current velocities are an order of magnitude lower.
Under the ice in the winter, the currents are usually less than 2 cm/s (0.79 in./s), although some
currents have been measured at up to 25 cm/s (9.8 in./s) in areas around grounded ice blocks
(Hopkins and Hartz 1978; ADNR 2009a).

Geostrophic currents occur on the outer shelf, flowing parallel to the shelf-slope break.
These currents have been measured at velocities of up to 50 cm/s (20 in./s) and can travel in both
easterly and westerly directions. Since the tidal range on the central Beaufort shelf is small,
approximately 15 to 30 cm (5.9 to 12 in.), the tidal currents exert only minor influences on the
sedimentary regime. When the water flow on the shelf is restricted by bottomfast ice, these
currents can act as important scouring agents (Craig et al. 1985; ADNR 2009a).

Offshore structures must be designed to withstand strong marine currents, loading from
ice forces, and severe storms in the Beaufort Sea. Production platforms will typically be bottom-
founded (gravity base) to withstand conditions that change with the seasons. Drill ships for
exploration are not bottom-founded; therefore, they can only operate in low ice cover conditions.
Artificial or natural gravel islands must be fortified and built to withstand coastal currents as well
as the forces of moving sea ice for the lifespan of the producing field. To this end, they may
require periodic maintenance in response to heavy storms (ADNR 2009a).

Flooding. Floods due to seasonal snowmelt and ice jams occur annually along most of
the rivers in the Arctic region and many of the adjacent low terraces. Spring ice breakup on
rivers often occurs over the first few days of a three-week period of flooding in late May through
early June. Up to 80% of the flow occurs during this period. The impact of flooding is in large
part related to the magnitude and timing of seasonal ice breakup. The formation of ice jams is
especially associated with catastrophic flooding. Some of the most damaging floods are
associated with an above-average snowpack that is melted by rainstorms and sudden warming
(ADNR 2009a).

Significant bank erosion may occur during flooding, depending on the amount of water
and its level with respect to the river bank and the nature of the sediment (or ice) load. Ice
carried along by rivers can produce significant erosion, especially if breakup occurs during a low
river stage. Spring floodwaters inundate large areas of the deltas, and on reaching the coast
spread over stable ground and floating ice up to 30 km (19 mi) from shore. When floodwater
reaches openings in the ice often associated with tidal cracks, thermal cracks, and seal breathing
holes, it rushes through with enough force to scour the bottom to depths of several meters
(a process known as strudel scouring) (ADNR 2009a).

Along the Beaufort shelf, strudel scour craters have formed up to 6 m (20 ft) deep and
20 m (66 ft) across. In a study for the Northstar Pipeline, strudel scours were found in water
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depths of 2.2 to 5.4 m (7.2 to 18 ft), with the greatest scour occurring at depths of 3 to 4 m

(9.8 to 13 ft). Sheltered coastal areas and bays adjacent to major rivers (such as the Colville,
Sagavanirktok, and Canning) are particularly susceptible to strudel scouring. In these areas,
deltas can be totally reworked by strudel scouring in several thousand years, although the scours
can be filled in very rapidly (ADNR 2009a).

In addition to seasonal flooding, many rivers along the coast are subject to seasonal icing
before spring thaw. This is due to overflow of the stream or groundwater under pressure, often
where frozen or impermeable bed sections force the winter flow to the surface to freeze in a
series of thin overflows, or where spring-fed tributaries overflow wide braided rivers. In areas of
repeated overflow, residual ice sheets often become thick enough to extend beyond the
floodplain margin. These large overflows and residual ice sheets have been documented on the
Sagavanirktok, Shaviovik, Kavik, and Canning Rivers (ADNR 2009a).

Seasonal flooding of lowlands and river channels is extensive along major rivers of the
Acrctic region. Thus, measures must be taken before facility construction and field development
to prevent impacts on structures and environmental damage (ADNR 2009a).

Barrier Island and Bedform Migration. Barrier islands along the Beaufort shelf
consist of dynamic constructional islands and remnants of the Arctic coastal plain (ACP). As the
barrier islands along the Beaufort shelf are migrating westward and landward due to erosion and
redeposition by waves and currents, they are generally becoming narrower and breaking up into
smaller segments (Hopins and Hartz 1978). During the open water season, longshore drift, storm
surges, and ice push contribute to the erosion, migration, and breakup of these islands, which
may permanently affect their size and influence on coastal processes.

Along the Chukchi shelf, asymmetrical bedform features, including small sand waves,
larger shore-parallel shoals, and the grouped features of the Blossom Shoals, occur in water
depths ranging from less than 15 m (50 ft) to approximately 60 m (200 ft) and extend to
distances of up to 160 km (100 mi) offshore. The migration of sand waves and other bedforms
can cause problems to offshore facilities by undermining or burying fixed structures, anchors,
moorings for submersibles, and pipelines, which can rupture (Bouma and Hampton 1986).

Overpressured Sediments. Along the Beaufort and Chukchi shelves, extremely high
pore pressures are likely to be found in deep basins (Kaktovik, Camden, and Nuwuk) where
Cenozoic strata are very thick. For example, in the Point Thomson area, pore pressure gradients
as high as 0.8 psi/ft (far exceeding the normal gradient of 0.433 psi/ft) have been measured in
sediments at burial depths of 4,000 m (13,100 ft) (Craig et al. 1985; ADNR 2009a).

Encountering overpressured sediments during drilling can result in a loss of well control
or uncontrolled flow (if formation pressures exceed the weight of drilling mud in the well bore).
Identifying locations of overpressured sediments by seismic data analysis and adjusting the
drilling mud mixture accordingly reduce this risk (ADNR 2009a).

Shallow Gas Deposits and Natural Gas Hydrates. Shallow gas deposits have been
mapped using high-resolution seismic data in isolated areas within the continental shelf and
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slope regions of the Beaufort and Chukchi Seas. A recent investigation by the Joint Russian-
American Long-Term Census of the Arctic Project team identified a pockmark field on the
Chukchi Plateau. The pockmarks are typically related to the explosive release of gas (or gas-
saturated water or 0il)12 (Astakhov et al. 2010). On the middle and inner shelf, gas is
concentrated in buried Pleistocene delta and channel systems, along active faults overlying
natural gas sources and in pockets within and beneath permafrost very near to shore. On the
outer shelf and slope, shallow gas is likely to occur in association with a large body of gas
hydrate and at the head of the landslide terrain on the outermost region of the shelf and upper
slope. The origins of shallow gas may be biogenic or thermogenic; in either case, its presence
poses a hazard to bottom-founded structures because it can reduce the shear strength of
sediments. Loss of well control may also occur when drilling operations encounter
overpressured gas below the seabed (Grantz et al. 1982a, b; ADNR 1999).

Natural gas hydrates are unique compounds consisting of ice-like substances composed
of gas trapped within water molecules. They are common in offshore regions under low-
temperature, high-pressure conditions as well as at shallower depths associated with permafrost.
In the Beaufort and Chukchi Seas, gas hydrates have been found at shallow depths under
permafrost along the inner shelf and onshore at Prudhoe Bay and at the Mount Elbert well in
Milne Point where downhole coring and logging operations were recently completed
(ADNR 2009a).

One of the main problems associated with gas hydrates is dissociation, which causes
unstable conditions by increasing fluid pressure and reducing sediment shear strength. Natural
mechanisms leading to gas hydrate dissociation include sea level decrease and sediment
temperature increase. Man-made mechanisms include heat transfer during petroleum production
that leads to melting of hydrates. During drilling, rapid decomposition of gas hydrates can cause
a rapid increase in pressure in the wellbore, gasification of the drilling mud, and the possible loss
of well control. If the release of the hydrate gas is too rapid, a loss of well control can occur, and
the escaping gas could ignite. In addition, the flow of hot hydrocarbons past a hydrate layer
could result in hydrate decomposition around the wellbore and loss of strength of the affected
sediments (ADNR 2009a).

Dissociation of gas hydrates is a potential cause of submarine slope failures. Acoustic
records indicate a stretch of slumps in the Beaufort Sea along the shelf-edge break. The slumps
extend for at least 500 km (310 mi) in an area of known gas hydrates and should be considered
during exploration and development activities (ADNR 2009a).

Because gas hydrates and shallow gas deposits pose risks similar to overpressured
sediments, the same mechanisms for well control should be employed to reduce the danger of
loss of life or damage to the environment (ADNR 2009a).

Sediment Sliding, Slumping, and Subsidence. Locally high rates of deposition of
unconsolidated sediments on the increased gradient of the continental shelf edge may form

12 On the Chukchi Plateau, pockmarks may indicate areas of rapid gas release; however, their size and morphology
are also consistent with thermokarst depressions developed along the Arctic shoreline (Astakhov et al. 2010).
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unstable slopes that lead to intensive soil movements such as slumping, gravitational creep,
turbidity or debris flows, and mudslides. A chaotic sediment slide terrane exists along the length
of the Beaufort shelf and upper slope, seaward to the 50- to 60-m (160- to 200-ft) isobath. The
distinct landslide types in this area include large bedding-plane slides and block glides.
Sediment slumping, possibly associated with permafrost melting, has been observed north of the
Mackenzie Delta in Canadian waters and may also disrupt buried pipelines and damage drilling
structures (Grantz et al. 1982b).

Sediment slumping may also occur in association with active faulting. Regionally high
rates of deposition on the continental shelf may cause isostatic adjustments and deep-seated
gravity faulting (active faulting). Active gravity faults related to large rotational slump blocks
occur on the outer Beaufort shelf and upper slope due to increased gradients along the shelf-
slope break (Grantz and Dinter 1980).

Seismicity. Ground shaking during a major earthquake can cause consolidation problems
in artificial gravel islands used as drilling platforms and affect bottom-founded structures.
Earthquakes can also cause vertical and/or horizontal displacement along faults, uplift or
subsidence, surface tilt, ground failure, and inundation (due to tsunamis) — all of which may
affect the integrity of development infrastructure.

Several types of shallow faults occur on the Beaufort shelf, including high-angle,
basement-involved normal faults (Barrow Arch in Harrison Bay); listric growth faults; and
down-to-the-north gravity faults along the shelf-slope break. There has been no seismicity
associated with the high-angle faults in Harrison Bay in recent times and there is little evidence
of Quaternary movement, but these faults may act as conduits for gas migration
(Grantz et al. 1982a, b; Craig et al. 1985).

The Camden Bay area, located at the northern end of a north-northeast trending band of
seismicity extending northward from east-central Alaska, is seismically active, and near-surface
faults show marked evidence of Quaternary movement. Since monitoring began in 1978,
numerous earthquakes have occurred in the area along the axis of the northeast-southwest
trending Camden anticline, ranging in magnitude from 1 to 6 (Craig et al. 1985;

Grantz et al. 1982a, b).

There is no historical record of seismicity on the Chukchi shelf; however, sediment-
covered fault scarps in the northern Chukchi Sea suggest Quaternary movement along faults in
this region (Thurston and Theiss 1987; Grantz et al. 1982a).

The region along Alaska’s northern coast lies within an area where the peak horizontal
acceleration with a 10% probability of exceedance in 50 years is between 0.03 and 0.07 g
(Wesson et al. 2007). Shaking associated with this level of acceleration is generally perceived as
weak, and the potential for damage to structures is negligible (Wald et al. 2005).
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4.2.2 Sea Ice and Permafrost

4.2.2.1 Sea Ice

4.2.2.1.1 Cook Inlet. Ice cover in Cook Inlet is seasonal, forming in the fall (October to
November; although the lower inlet is usually still ice-free in December) and disappearing
completely in the spring. However, the dates of onset and clearance can vary considerably from
year to year. The U.S. Army Corps of Engineers’ (USACE) report Marine Ice Atlas for Cook
Inlet, Alaska (Mulherin et al. 2001) provides a description of the factors that favor and
discourage ice growth. It notes that offshore platforms built in Cook Inlet follow ice design
criteria specified by the American Petroleum Institute. Since 1984, the National Weather
Service (NWS) has provided analysis and forecasts for the extent, concentration, and stage of
development of ice to aid commercial navigation, as well as fishing and tourist activities in the
inlet (NWS ice chart archives are maintained by the Alaska State Climate Center in Anchorage);
the National Ice Center also prepares semiweekly analyses throughout the ice season.

There are four types of ice that form in Cook Inlet: pack ice, shorefast ice, stamukhi, and
estuarine and river ice. Pack ice is freely floating sea ice that forms directly from the freezing of
seawater. In the shallow and turbulent waters of Cook Inlet, a major component of pack ice is
“frazil” ice, which occurs as low-density masses of slushy, unconsolidated ice on the water
surface. Floating ice poses the greatest hazard to navigation and marine structures. Between
1964 and 1986, at least eight incidents involving sea ice in Cook Inlet were recorded by the
U.S. Coast Guard (USCG), most resulting in damaged pilings and docks in the Port of
Anchorage area. In 1988, a small crude oil spill resulted when a tanker was punctured by ice.
Several similar ice-related incidents have been recorded since then (Mulherin et al. 2001).

Shorefast ice is unmoving ice that remains firmly attached to the shoreline or other
stationary structures once it forms. It forms directly by the freezing of seawater and from the
piling and refreezing of ice or the flooding of snow on top of the ice. One form of shorefast ice,
“beach ice,” forms during flood tide as water freezes with mud and bonds to the sea bottom.
When the air temperature is colder than seawater, this ice becomes progressively thicker with
each successive high tide, accumulating as much as 2.5 cm (1 in.) of ice per tidal flood. The ice
usually breaks free before it reaches about 0.5 m (1.6 ft) in thickness. Once freed, it becomes
floating (pack) ice and drifts into deeper water (Mulherin et al. 2001).

Stamukhi are a form of sea ice that have broken and piled upward (hummocked) due to
winds, tides, or thermal expansion. Under the right conditions (e.g., repeated wetting and
accretion of seawater), they form the massive ice blocks (ice cakes) common to Cook Inlet.
Stamukhi as thick as 12 m (40 ft) have been reported. Their large size makes them very
hazardous to shipping vessels (Mulherin et al. 2001).

Much of the ice in Cook Inlet derives from freshwater sources — estuaries and rivers —

especially in the head region and upper inlet. Estuarine ice is similar to sea ice but is
significantly stronger. It is commonly entrained in pack ice and presents the same hazards to
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navigation and marine (shoreline) structures. River ice is discharged into the inlet during spring
breakup; ice pieces can be as thick as 2 m (6.7 ft) (Mulherin et al. 2001).

4.2.2.1.2 Arctic Region. The Beaufort shelf is ice-covered between mid-October and
mid-June, with a typical ice-free period during August and September. Sea ice begins forming in
late September to early October and becomes continuous nearshore by mid-October. This ice
remains through the winter and starts to break up in July, but the nearshore region is not ice-free
until early August. In recent years, breakup has occurred earlier by as many as 21 and 6 days
along the Beaufort and Chukchi coasts, respectively. Ice-free coastlines now occur over a month
earlier along the Beaufort coast (ADNR 2009a; MMS 2008c).

During the winter months, ice occurs within three main nearshore and offshore zones:
the landfast zone, the shear zone (also called the active or stamukhi zone), and the pack ice zone.
Landfast ice forms along the shore and develops seaward in the early fall, extending 25 to 50 km
(16 to 31 mi) from shore by late winter. This ice is up to 2 m (6.6 ft) thick and is considered
stable because it is relatively stationary (moving less than a few meters after it forms). Small
movements of the ice are related to storm fronts, which cause narrow leads and rubble fields in
this zone (Reimnitz and Barnes 1974; MMS 2008c; ADNR 2009a).

The shear zone (stamukhi zone) is a transitional zone between landfast ice and the highly
mobile pack ice, occurring approximately 20 to 60 km (12 to 37 mi) from the coast in water
depths of about 20 to 100 m (60 to 330 ft). Fragments of seasonal ice and multiyear ice ridges
are common in this zone. Ice ridges range in thickness from 10 to 12 m (33 to 39 ft) with an
average thickness of 6 m (20 ft). It is here where ice is constantly being reworked and shifted
and ice gouging (discussed below) occurs most intensely (ADNR 2009a; MMS 2008c).

Seaward of the stamukhi zone is the pack ice zone, which marks the shoreward edge of
the permanent polar ice cap. It consists of multiyear ice, ice ridges, and ice island fragments that
migrate westward in response to the clockwise circumpolar gyre (Reimnitz and Barnes 1974,
ADNR 2009a). The drift rate of ice in this zone can be as high as 20 km/day (12 mi/day)

(MMS 2008c).

The Chukchi shelf is largely covered by ice between mid-November and mid-June;
August and September are typically ice-free. Ice thicknesses in the region are generally less than
1.2to 1.4 m (3.9 to 4.6 ft) during the annual cycle. Multiyear ice is common in the Chukchi Sea;
extensive ridging (with a ridge frequency of 3 to 5 per kilometer and sail heights of 1.5 to 3.7 m
[4.9 to 12 ft]) is also common (MMS 2008c).

Sea ice poses a potential hazard to coastal and offshore structures; for example, concrete
island drilling structures could be pushed off location, ice could override a fixed structure, or a
marine pipeline could be damaged where it comes ashore. Facilities exposed to the potential
risks of each sea ice zone must be designed and fortified to accommodate ice forces
(ADNR 2009a).
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Ice Scouring (Ice Gouging and Strudel Scour). The continental shelf below the
Beaufort and Chukchi Seas is vulnerable to ice gouging and strudel scour, both of which must be
taken into consideration when siting and designing subsea pipelines. Ice gouging results when
ice ridges or icebergs with deep keels, moving under the influence of forces such as wind and
ocean currents, run aground and penetrate the seabed, leaving linear to curvilinear deep furrows.
Strudel scour occurs in relatively shallow water in the spring during river breakup when
overflood waters spreading over bottomfast ice sheets and draining with high velocity through
holes in the ice sheet (e.g., tidal cracks, thermal cracks, and seal breathing holes) erode the
underlying sediments, leaving behind circular or linear areas of scour in the seabed. The
magnitude and frequency of strudel scour events are affected by the timing and location of
overflooding river discharge (and the effects of ice jams), and the types of surface features
present (e.g., drainage cracks and fissures). Pipelines should be trenched to depths below the
predicted scour depth and should be designed to withstand the forces associated with the gouging
process, which can cause significant soil displacement (MMS 2008c; ADNR 2009a).

Although ice gouges are found across the entire Beaufort shelf, they are concentrated in
the stamuhki zone, between the 10- and 30-m (33- and 98-ft) depth contours, with the most
intense gouging on the up-drift side of shoals and islands bordering the stamuhki zone. In this
region, crossing frequencies of 1 to 6 gouges/km/yr and a maximum gouge depth of 3.9 m (13 ft)
have been reported. Ice gouges have a general east-west orientation, reflecting the prevailing
wind and surface current directions; however, on the inner shelf where shoals and other bottom
features deflect the ice, orientations are more variable. Off Prudhoe Bay, the inner boundary of
high-intensity ice gouging is controlled by the location of the island chains, about 15 to 20 km
(9.3 to 12 mi) offshore. In Harrison Bay, where there are no barrier islands, ice gouges are
concentrated in areas of abundant ice ridge formation (MMS 2008c; Craig et al. 2005).

Ice gouging is less frequent inshore of the stamuhki zone (with reported crossing
frequencies ranging from 1 to 2 gouges/km/yr) (MMS 2008c¢). It is also less severe in this region
because gouges are rapidly buried by sand waves or sediment sheets (loose, coarser grained
sediments in the nearshore region degrade more rapidly than the more cohesive, fine-grained
sediments offshore). The incidence of ice gouging also decreases with increasing water depth
offshore of the stamuhki zone since the number of ice keels large enough to reach the bottom
decreases. Along the outer shelf edge, strong geostrophic currents smooth the older ice gouges
by eroding or filling them in (ADNR 2009a).

Little survey data on ice gouging features are available for the Chukchi Sea, and
repetitive mapping that would allow observed gouges to be dated and gouge rates to be estimated
has not been done. However, gouge geometry (depth and width) and density have been recorded
over broad areas in the Chukchi Sea, to a maximum water depth of 60 m (200 ft). The most
significant ice gouging occurs on the main part of the continental shelf at water depths of 30 to
60 m (98 to 200 ft) where surficial sediments consist of thin deposits of sand and gravel
overlying stiff consolidated clay or dense sandy gravel. In this region, a maximum gouge depth
of 4.5 m (15 ft) was observed within a water depth of 35 to 40 m (110 to 130 ft). Gouges may be
many kilometers long and tens of meters wide, and their dominant orientation is northeast-
southwest (MMS 2008c; Phillips et al. 1978).
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The areas adjacent to the Herald and Hanna shoals have only limited ice gouging
(no gouge depths were recorded). Nearshore areas where water is shallow (less than 30 m
[98 ft]) have an average gouge depth of 0.8 m (2.6 ft) and also have a low ice gouging density
(MMS 2008c; Toimil 1978). Nearshore sediments are reworked by waves and currents to the
extent that ice gouge morphology is readily obliterated by erosion and/or burial (Barnes and
Reimnitz 1979). In general, ice gouging is more prevalent in the northern part of Chukchi Sea
because the extent and duration of ice cover is greater. In the southern part of the Sea, the longer
open water season allows for more reworking of the seabed by wave and current action, which
likely masks evidence of past gouging (MMS 2008c).

Ice Movement (Ice Ride-up, Ice Override, and Icebergs). Continuous, large-scale ice
movements in the Beaufort Sea are caused by major current systems (e.g., the Beaufort Gyre),
tidal currents, or geostrophic winds. Local, short-term movements result mainly from wind,
wave, and current action, particularly during storms. During a single ice season, ice movements
create zones of landfast and pack ice. Zone boundaries fluctuate with seasonal ice growth and
movement. Ice movements at a given site may have a predominant direction due to geography
and environmental conditions (ADNR 2009a).

On islands and coastal regions throughout the Beaufort Sea, both ice ride-up (or ice push)
and ice override events erode and transport significant amounts of sediment. Ice ride-up occurs
where strong wind or currents force ice blocks onshore, pushing the sediment from the coast into
the ridges farther inland. These processes are particularly important to consider for the outer
barrier islands, where ice ride-up ridges may be as high as 2.5 m (8.2 ft) and extend 100 m
(330 ft) inland, and man-made structures are along the coast. They also have the potential to
alter shorelines and nearshore bathymetry, increasing the risk of damage to man-made structures
by erosion. Several accounts of damage to structures due to ice ride-up events have been
documented along the Beaufort coast. For example, in January 1984, ice overtopped the
Kadluck, an 8-m (26-ft) high caisson-retained drilling island located in Mackenzie Bay
(MMS 2003e; ADNR 2009a).

Ice override occurs both offshore and onshore wherever ice overrides rafted ice or ice
ride-ups along the coastline. Ice override onshore will add an additional dead load to a buried
pipeline in the transition area from offshore to onshore beginning where the ice contacts the sea
floor. This dead load, along with the force being exerted by the ice and the strength of soil, must
be considered in pipeline design (ADNR 2009a).

Icebergs in the Beaufort Sea are rare but may be present as a result of calving off Nansen
Island. Natural ice islands have also been observed on occasion. Ice islands are produced by the
breakup of portions of the Ellesmere Ice Shelf and occur as tabular icebergs of the Arctic Ocean.
They are usually 40 to 50 m (130 to 160 ft) thick with lateral dimensions that range from tens of
meters to tens of kilometers. The annual risk of an iceberg or ice island impacting an offshore
production facility is estimated to be 1 in 1,000 years; however, there is no threat to exploration
or development activities in more shallow, nearshore regions (MMS 2008c; ADNR 2009a).
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4.2.2.2 Subsea and Coastal Permafrost (Arctic Region)

Bonded permafrost formed on the Beaufort shelf during the Pleistocene lowstands of sea
level to several hundred meters below the exposed shelf (Wang et al. 1982; Hunter and
Hobson 1974). During the subsequent highstands of sea level, melting of the permafrost
occurred, in part due to geothermal heating and saline advection of seawater into the sediments
(MMS 1985; MMS 2003e). Currently, permafrost is known to be present onshore and is inferred
to be present offshore in the Beaufort Sea Planning Area (MMS 1985). Subsea permafrost is
inferred but has not been identified beneath the Chukchi Sea shelf (MMS 1987). Depths to the
top of subsea permafrost in the Beaufort shelf are highly variable, and the thickness of the
permafrost is unknown (MMS 1985). There is a transition from bonded permafrost on land that
is unstable when thawed to generally thaw-stable materials offshore.

Thaw subsidence (also known as thermokarst subsidence) and frost heave associated with
permafrost in the Arctic region can create potential hazards to onshore oil and gas operations.
The geologic record during the last Arctic glacial-to-interglacial transition indicates that global
warming played a key role in disrupting the thermal balance of permafrost and initiating regional
thaw subsidence. And some of the thermokarst activity (e.g., melting of ice wedges) over the
last 100 to 150 years can also be attributed to global warming (Murton 2008). Oil and gas
related activities may also contribute to this process. These include drilling through permafrost
layers; building and maintaining crude oil pipelines; placement and operation of bottom-founded
structures; and construction of artificial islands, causeways, and berms. Subsea permafrost that
contains trapped gas may melt during the drilling of wells or the subsequent production activities
in areas surrounding the borehole, causing subsidence and rupture of the well casings and
potentially leading to loss of well control.

4.2.3 Physical Oceanography

4.2.3.1 Gulf of Mexico

The physical conditions of ocean waters have the potential to disrupt activities relating to
oil and gas production that occur on the continental shelf and slope, as well as in deepwater
regions of the GOM. Coherent water motions and breaking waves can fatigue and damage oil
and gas platforms and facilities, limit the timing of supply boats and drilling operations, and
suspend all operations during extreme conditions such as hurricanes or tropical storms
(MMS 2005a; Kaiser and Pulsipher 2007). As waves approach deck heights of platforms and
supply ships, they can put equipment and personnel at risk (MMS 2005b). Storm events can
also produce large forces near the ocean bottom that can scour sediments and affect pipelines
and platform structures (Det Norske Veritas 2007; Cruz and Krausmann 2008;

Wijesekera et al. 2010). Additionally, water currents and waves affect the horizontal and vertical
transport of spilled oil, as well as contribute to the physical conditions that control natural
weathering processes such as evaporation, emulsification, and oxidation (NOAA 2002;

NRC 2003b).

Environmental Consequences 4-41



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

The GOM is a partially enclosed sea covering an area of approximately 1.5 million km?2
(579,153 mi2) and is connected to the Caribbean Sea and the Atlantic Ocean. The bathymetry of
the GOM can be generalized as having a wide continental shelf along its northern and southern
edges, prominent escarpments, and a relatively flat ocean floor (Bouma and Roberts 1990; see
Figure 4.2.1-1. Circulation patterns in the GOM are the result of complex interactions among the
bathymetry of the basin and forcing mechanisms that include winds, atmospheric conditions,
water density (related to temperature and salinity), and the Loop Current (described below)

(e.g., Oey et al. 2004; Sturges and Kenyos 2008). The GOM can be characterized as a two-
layered system with respect to circulation patterns having a surface layer of up to 1,000 m
(3,281 ft) in depth and a deep layer reaching down to the ocean floor at depths of approximately
4,000 m (13, 123 ft) (Lugo-Fernandez and Green 2011).

A generalized depiction of major circulation patterns and bathymetry of the GOM is
shown in Figure 4.2.3-1. The Loop Current and its associated meso-scale eddies are the
dominant circulation features (Oey et al. 2005). Effects associated with Earth’s rotation set up a
western boundary current that is a part of an anticyclonic (clockwise) circulation pattern found
in the western half of the GOM (Sturges and Blaha 1975; Sturges 1993). Over the continental
shelf of Texas and Louisiana, wind-driven downcoast currents are common, with an opposite
current along the continental slope (Cochrane and Kelly 1986; Nowlin et al. 1998; Zavala-
Hidalgo et al. 2003). Currents along the continental shelf off Mississippi-Alabama show a
pattern of complex cyclonic and anticyclonic eddy pairs with strong inter-annual variability, and
they are also influenced by the positioning of the Loop Current (Brooks and Giammona 1991;
Jochens et al. 2002). Deepwater circulation follows a counterclockwise pattern and consists
primarily of low-frequency waves that receive energy from the Loop Current and its eddies
(Hamilton 1990, 2007).

Understanding the circulation patterns and physical oceanographic conditions is vital for
improving oil and gas production and exploration activities with respect to preserving the
environment (Ji 2004; Lugo-Fernandez and Green 2011). In the GOM, the energetic water
currents and waves that have the greatest potential to affect oil and gas activities can be
characterized as those associated with episodic weather events (e.g., hurricanes and tropical
storms), large-scale circulation patterns including the Loop Current and its associated meso-scale
eddies, vertically coherent deepwater currents, and high-speed jets (DiMarco et al. 2004).

4.2.3.1.1 Hurricanes and Tropical Storms. Tropical conditions normally prevail over
the GOM from June until October, and in a typical year, 11 tropical storms will form in the
region with approximately 6 reaching hurricane status (Blake et al. 2007). Hurricanes and
tropical storms can increase surface current speeds to between 1 and 2 m/s (3.2 and 6.8 ft/s) in
continental shelf regions (Nowlin et al. 1998; Teague et al. 2007), as well as produce current
speeds of more than 0.5 m/s (1.6 ft/s) in deeper waters on the continental slope (Brooks 1983;
Teague et al. 2007). Recorded wave heights during recent hurricanes have shown an increasing
pattern, with maximum wave heights exceeding 30 m (98 ft), which are greater than the current
100-year storm criteria for platform deck heights (MMS 2005b; Jeong and Panchang 2008).
Storm surges can impact infrastructure along coasts and have been reported to range between
2 and 8 m (7 and 26 ft) for hurricanes reaching the northern coast of the GOM (NOAA 2011b).
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Extensive observations of hurricane-induced currents and waves were not available until
recent years, starting with Hurricane lvan in 2004, which passed over an extensive array of
instrumented moorings of the U.S. Naval Research Laboratory’s Slope to Shelf Energetics and
Exchange Dynamics (SEED) program (Stone et al. 2005; Teague et al. 2006a). As Hurricane
Ivan approached the northern GOM in the fall of 2004, wind stresses produced downwelling
conditions on the continental shelf with advective onshore surface currents and offshore currents
in the lower portion of the water column (Mitchell et al. 2005; Teague et al. 2007). Current
speeds on the continental shelf were often greater than 1.1 m/s (3.6 ft/s) with many flow
reversals during the passage of the hurricane, and strong waves prevailed for up to 10 days in the
wake of the hurricane’s passage (Teague et al. 2007; Wijesekera et al. 2010). Sediment scour on
the continental shelf was observed to be more than 100 million m3 (81071 ac-ft) over a region of
525 km2 (203 mi2) (Teague et al. 2006b). Maximum wave heights associated with Hurricane
Ivan reached 28 m (92 ft) with significant wave heights (average wave height of the upper-third-
largest waves) reach 16 m (52 ft) (Jeong and Panchang 2008).

Hurricanes Ivan, Katrina, and Rita (2004 and 2005) were some of the most powerful
hurricanes to enter the GOM (Stone et al. 2005) and were very damaging to oil and gas facilities
and production operations (Cruz and Krausmann 2008). The strong winds, rapid currents, high
waves, and sediment scour associated with Hurricane Ivan damaged offshore platforms,
production wells, and pipeline systems resulting in a disruption of 10% of the GOM’s production
over a four-month period (MMS 2005c). Hurricanes Katrina and Rita resulted in more than
150 platforms (approximately 4% of the total number of platforms in the GOM) being damaged
or destroyed primarily by effects associated with wave inundation (Cruz and Krausmann 2008).
In response to these recent and severe hurricane events, industry and regulators are reexamining
offshore oil and gas structural designs to improve their resistance to hurricanes, especially with
respect to deck heights to resist wave inundation, as well as mooring anchors and pipeline
designs to prevent damage by sediment scouring and mudslides (Abraham 2005; MMS 2005b).

4.2.3.1.2 Loop Current and Loop Current Eddies. The dominant circulation pattern
in the GOM is the Loop Current, which can be generalized as a horseshoe-shaped circulation
pattern that enters through the Yucatan Channel and exits through the Florida Straits
(Figure 4.2.3-1). The Loop Current covers approximately 10% of the GOM’s area
(Hamilton et al. 2000; Lugo-Fernandez and Green 2011), has surface current speeds up to
1.8 m/s (5.9 ft/s) (Oey et al. 2005), and is present down to an 800-m (2,625-ft) depth
(Nowlin et al. 2000; Lugo-Fernandez 2007). The incoming water of the Loop Current through
the Yucatan Channel is typically warmer and saltier than the GOM waters, which in combination
with its highly inertial circulation pattern generates energetic conditions that drive circulation
patterns throughout the entire GOM (Lugo-Fernandez 2007; Jochens and DiMarco 2008;
Lugo-Fernandez and Green 2011).

The Loop Current is not a stagnant circulation, as it alters its orientation angle and
periodically extends northwesterly into the GOM with filaments being observed to intrude
onto the continental slope near the Mississippi River Delta (Muller-Karger et al. 2001;
Oey et al. 2005). As the Loop Current extends north to approximately 27°N, an instability
causes the formation of an anticyclonic eddy (Loop Current Eddy) to separate off from the Loop
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Current (Hamilton et al. 2000; Vukovich 2007). The physical mechanisms that trigger these
Loop Current Eddy separations and their frequency of occurrence are not fully understood
(Chang and Oey 2010; Sturges et al. 2010), but the period between Loop Current Eddy
separations ranges from 0.5 to 18.5 months (e.g., Vukovich 2007). A linear relationship that
exists between the period between Loop Current Eddy separations and the retreat latitude of the
Loop Current following separation results from a balance in vorticity between water entering and
water exiting the GOM that is displaced by the intrusion of the Loop Current moving toward the
northern slope region (Lugo-Fernandez and Leben 2010). Loop Current Eddies typically have a
diameter of 300 to 400 km (186 to 248 mi), current speeds between 1.5 to 2 m/s (4.9 to 6.6 ft/s),
and speeds up to 0.1 m/s (0.3 ft/s) at a 500-m (1,640-ft) depth (Brooks 1984; Cooper et al. 1990).
Loop Current Eddies migrate to the west and southwest under forces induced by the Earth’s
curvature and rotation with translation speeds ranging from 2 to 5 km/day (1.2 to 3.1 mi/day)
(Brooks 1984; Oey et al. 2005).

Loop Current Eddies typically affect deepwater regions (depths greater than 400 m
[1,312 ft]) of the GOM and have the potential to disrupt exploration, drilling, and production
activities (Crout 2009). Currents associated with Loop Current Eddies have the ability to cause
vortex-induced vibrations that can damage platforms and drilling equipment (Kaiser and
Pulsipher 2007). It has been estimated that a sustained current of 2 m/s (6.6 ft/s) can use up the
fatigue life of certain mooring system components in 1 week (DiMarco et al. 2004).

4.2.3.1.3 Deepwater Currents and Subsurface Jets. Oil and gas exploration and
production activities are expanding more and more to deepwater regions of the GOM, which is
what motivates the current research emphasis in deepwater currents (McKone et al. 2007; Lugo-
Fernandez and Green 2011). Energetic waves and high-speed jets can affect the transport of
pollutants such as drilling fluids and oil, as well as physical structures relating to oil and gas
operations (DiMarco et al. 2004). For example, the Deep Water Horizon oil spill of 2010
demonstrated the need to understand how deepwater currents affect underwater oil spill plumes
(e.g., Adcroft et al. 2010).

Deepwater currents (depths greater than 1,000 m [3,281 ft]) along the northern GOM are
typically characterized as meandering waves (referred to as topographic Rossby waves [TRWs])
that are vertically coherent with some degree of bottom intensification, have periods greater than
10 days, are largely decoupled from surface circulations, and have a propagation velocity on the
order of 9 km/day (5.6 mi/day) (Hamilton 1990, 2009; Sturges et al. 2004). The energy source
of these deepwater currents is not fully realized, but recent studies suggest that the Loop Current
generates deepwater eddies near the Campeche Terrace that excite wave propagation westward
along the continental slope of the northern GOM (Oey 2008). Additionally, high-energy
waves (with periods of less than 10 days) have been observed locally along the Sigsbee
Escarpment with maximum speeds of 0.9 m/s (3 ft/s) at depths below 1,500 m (4,921 ft)
(Donohue et al. 2008). The analysis by Hamilton (2009) suggests that highly energetic TRWs
along the Sigsbee Escarpment generate a mean deepwater flow to the west along the steep
escarpment, which acts as the main deepwater transport pathway from the western to the eastern
GOM, and that in the western GOM, TRWs are less energetic but interact in a similar fashion
with the continental slope to form a generalized mean deepwater flow to the south along the
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base of the continental slope off Mexico (the generalized deepwater flow path is shown in
Figure 4.2.3-1).

Subsurface jets are characterized as currents with no surface expression, having durations
on the order of hours to days, speeds in excess 0.4 m/s (1.3 ft/s), and observed currents up to
2 m/s (6.6 ft/s) (DiMarco et al. 2004). Subsurface jets occur at shallow depths (150-600 m
[492-1,968 ft]) and in deep waters, and they are typically produced by the downward
propagation of inertia in the wake of a storm passage or the interactions of eddy circulations and
the topography of the continental slope (DiMarco et al. 2004; Fan et al. 2007). Deepwater jets
are difficult to measure because of their limited spatial and temporal extents, but observations
from moored instruments in the northwestern GOM show deepwater jets having maximum
currents speeds between 0.5 and 0.8 m/s (1.5 and 2.6 ft/s) with durations on the order of 1 to
8 days (Hamilton and Badan 2009).

4.2.3.2 Alaska Region

Sea ice, ocean currents, tides, waves, and storm surges affect offshore oil and gas
operations on the Alaska continental shelf and facilities located near the coastline. Typical
currents and waves do not threaten the physical integrity of production equipment; however, cold
air temperatures and the spray from waves can freeze on structures, causing structural damage as
well as affecting the buoyancy of supply and drilling vessels to the extent of capsizing ships
(Jones and Andreas 2009). Tides are considered minor along the coastal regions of the Arctic
Ocean (NRC 2003a; Weingartner 2003), but tidal ranges in Cook Inlet are considered among the
largest in the world (Archer and Hubbard 2003). Impacts of storm surges vary by season from
coastal flooding during summer and fall events to ice gouging and damage associated with ice
ride-up (wind-driven surge of ice onto shore) during winter and spring storm events
(Lynch et al. 2008). While all these oceanographic factors influence oil and gas operations, the
primary design consideration for platforms, vessels, pipelines, and other structures is the
presence of sea ice and its interactions with currents, tides, and the bathymetry of the Alaska
continental shelf (Weeks and Weller 1984; NRC 2003a).

The climate of the Arctic region is complex because of its multiple interactions with
oceanic and terrestrial systems, and effects associated with global climate change have resulted
in significant changes to the Arctic’s atmospheric and oceanographic conditions over the past
couple of decades (e.g., Morison et al. 2000; Arctic Council and IASC 2005). Air temperatures
in the regions north of 60°N have warmed at a faster rate than that of the overall northern
hemisphere over the past century (Arctic Council and IASC 2005). During the 1990s, several
studies revealed a warming trend in the layer of Arctic Ocean water with origins from the
Atlantic Ocean (Carmack et al. 1995; Grotefendt et al. 1998; Gunn and Muench 2001), as well as
an overall increase in Arctic Ocean sea surface temperatures and lower surface-layer salinities
along regions of the Beaufort Sea and the Chukchi Sea (Morison et al. 2000; Comiso 2003;
Comiso et al. 2003).

The warming of air and water temperatures in Arctic regions generates variability in key
factors and processes controlling oceanographic conditions, which include precipitation and

Environmental Consequences 4-46



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

snow patterns, freshwater and sediment inputs to oceans, thermohaline circulation patterns
(controlled by temperature and salinity gradients), and the aerial coverage and composition of
sea ice (Morison et al. 2000; Arctic Council and IASC 2005; Bonsal and Kochtubajda 2009).
Changes in oceanic conditions have also corresponded with sea level rise in the Arctic Ocean
(Proshutinsky et al. 2001). Predicting oceanic responses to climate change is difficult because of
complex interactions (often nonlinear) among factors such as water and air temperatures, sea ice,
sea level rise, and thermohaline circulation patterns (e.g., Wang et al. 2003).

Alaskan coastal waters are largely covered by sea ice with some open-water areas for
three-quarters of the year, from October until June, with the minimum sea ice extent occurring
in September as sea ice begins to form and the maximum extent in March (Weeks and
Weller 1984). Sea ice properties vary according to its age and the physical conditions under
which it forms, melts, refreezes, and reforms (Gow and Tucker 1991). A general classification
of sea ice includes ice formed along shores known as landfast ice and ice formed at sea called
drift ice, which can conglomerate to form pack ice or ice floes (Mulherin et al. 2001). Landfast
ice gradually advances seaward in the fall, rapidly retreats in the spring, and can break up and
reform several times in between. Ice floes move according to wind and currents and can collide
and pile on top of one another to form pressure ridges, as well as converge to form well-defined
ice-free openings, or polynyas (Mahoney et al. 2007). Another important distinction in sea ice is
the difference between newly formed first-year sea ice and multiyear sea ice, which by definition
IS summer minimum sea ice extent (Lemke et al. 2007).

The spatial and temporal variability in sea ice extent and thickness are controlled by local
climate and oceanic factors, with many studies indicating a decreasing trend in Arctic sea ice
over recent decades (e.g., Johannesen et al. 1995; Parkinson 2000; Comiso 2002). Sea ice
extent, as observed mainly by remote sensing methods, has decreased at a rate of approximately
3% per decade starting in the 1970s (Johannesen et al. 1995; Parkinson et al. 1999). However,
multiyear sea ice has decreased at a rate of nearly 9 to 12% per decade since the 1980s
(Comiso 2002; Perovich et al. 2010). Since 2000, the extent of summer sea ice was at record
lows in 2002 (Serreze et al. 2003), 2004 (Stroeve et al. 2005), 2007 (Perovich et al. 2008), and
2010 (Richter-Menge and Jeffries 2010). Sea ice thickness has also decreased during recent
decades, with average sea ice draft (the depth of ice below sea level) values decreasing by as
much as 1.3 m (4 ft) (Rothrock et al. 1999) and sea ice volumes decreasing at a rate of 4% per
decade since 1948 (Rothrock and Zhang 2005). These recent trends in declining sea ice are a
result of anthropogenic influences and natural climate variability, and recent climate simulations
suggest that natural climate variability has the potential to cause a stabilization to a slight
recovery of sea ice trends over short times scales on the order of a decade or less in the
beginning part of the twenty-first century (Kay et al. 2011).

The interactions of sea ice with currents and waves have the potential to create hazardous
conditions and damage physical structures though ice gouging, ice ride-up, and scouring, and to
block vessel traffic (Weeks and Weller 1984). Landfast ice is typically not a concern as it exerts
nominal internal stresses to structures, but ice floes formed during breakup conditions near shore
or out in open pack ice areas have velocities on the order of 1 m/s (3 ft/s) (Stringer and
Sackinger 1976). Ice gouging is caused by grounded ice keels within ice floes moving in
response to wind and currents that typically occur in regions parallel to shorelines (Shapiro and
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Barnes 1991). Ice gouging is of particular concern for pipelines, as seabed gouging depths can
often exceed 3 m (10 ft), affecting coastal regions with up to 50 m (164 ft) of water depth
(Weeks and Weller 1984). Ice ride-up occurs as repeated ice floes converge on shore, pile on top
of each other, and pile shoreward under continued momentum. Ice ride-up events frequently
occur during the spring and fall and can affect structures that are on the order of 50 m (164 ft)
inland (Kovacs and Sodhi 1980). In spring, river floodwaters can inundate coastal areas covered
by sea ice and potentially break through the ice, generating jet flows and scour craters in the
sediments below (process referred to as strudel scour), which can damage pipelines and support
structures. Strudel scour craters can be more than 4 m (13 ft) deep and 15 m (49 ft) across and
can last up to 2-3 years before being refilled (Reimnitz and Kempema 1982). Strudel scour
occurs most commonly near river deltas extending outward to water depths of 6 m (20 ft)
(Hearon et al. 2009).

Sea ice also affects oil spill cleanup and weathering processes, as well as acting as a
transport mechanism for spilled oil (Stringer 1980). Oil transport and reaction processes are
significantly altered for waters that contain more than 30% aerial coverage of sea ice in
comparison to open ocean waters (NRC 2003b). The presence of ice and lower water
temperatures typically result in lower rates of oil weathering processes such as evaporation,
emulsification, and oxidation (Thomas 1983); lower rates of dispersion because of the increased
viscosity of oil at lower temperatures (Payne et al. 1991) and the presence of sea ice also has the
potential to confine oil spills (Weeks and Weller 1984). Conversely, enhanced transport of oil
by sea ice conditions can occur along open water channels or polynyas or by oil incorporation
into moving ice floes (Payne et al. 1987). Empirical relationships describing the fate and
transport of spilled oil-sea ice interactions are presented in Buist et al. (2008). Ultimately, the
fate of oil in the presence of sea ice largely depends on the season (summer ice free, winter ice
cover, and fall ice formation), as well as the age and morphology of the sea ice, because these
factors determine the ability of the oil to reach reactive areas for oil weathering processes to
occur as well as the weathering reaction rates (Payne et al. 1991; NRC 2003b).

4.2.3.2.1 Arctic Ocean: Beaufort Sea and Chukchi Sea. The Beaufort Sea and
Chukchi Sea are semi-enclosed seas connected to the Arctic Ocean located along the northern
coast of Alaska. The Chukchi Sea is a shallow, continental shelf sea with depths typically
less than 50 m (164 ft) that receives Pacific Ocean water through the Bering Strait
(Woodgate et al. 2005). The Beaufort Sea consists of a narrow (approximately 100 km [62 mi]
wide) continental shelf before a shelfbreak that occurs near the 200-m (656-ft) water depth
contour followed by a portion of the Canadian Basin of the Arctic Ocean (Weingartner 2003).
The continental shelf region of the Beaufort and Chukchi Seas contains small shoals and barrier
islands that affect shelf circulation patterns and are typically associated with the location of ice
ridges (NRC 2003a).

The general circulation patterns in the Beaufort and Chukchi Seas are shown in
Figure 4.2.3-2. Circulation in the Canadian Basin of the Arctic Ocean is dominated by the
Beaufort Gyre, which is typically a clockwise (anticyclonic) circulation forced by prevailing
atmospheric high pressure over the Arctic, but can reverse to a counterclockwise (cyclonic)
circulation during summer months or prolonged periods of atmospheric low pressure
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(Proshutinsky et al. 2003; Asplin et al. 2009). The sea level slope between the Pacific Ocean and
the Arctic Ocean drives water through the Bering Strait into the Chukchi Sea, which separates
into three principal branches of northward flow among Herald Shoal, Hanna Shoal, and the
Alaskan coast (Weingartner et al. 2005; Woodgate et al. 2005; Weingartner et al. 2010).
Currently, it is not fully understood how Pacific Ocean waters moving across the Chukchi Sea
interact with circulation patterns off the shelfbreak of the Beaufort Sea, but evidence suggests
the presence of narrow currents near the Beaufort shelfbreak with prevailing eastward flow
and seasonal variability in surface and subsurface intensified currents (Pickart 2004;

Spall et al. 2008; Nikolopoulos et al. 2009; Okkonen et al. 2009; Pickart et al. 2010;
Weingartner et al. 2010). During the summer open-water season, current speeds along
continental shelf areas often exceed 0.2 m/s (0.7 ft/s) with maximum speeds as high as 1 m/s
(3 ft/s) in certain regions of constricted flow such as the Bering Strait and Barrow Canyon;
during ice-covered seasons, current speeds are generally less than 0.1 m/s (0.3 ft/s)
(Weingartner et al. 1998, 2009; Weingartner and Okkonen 2001).

The coasts of the Beaufort Sea and Chukchi Sea consist of river deltas, barrier islands,
exposed bluffs, and large inlets; inland is characterized by low-relief lands underlain by
permafrost (Jorgenson and Brown 2005). The combination of wind-driven waves, river erosion,
and sea ice scour with highly erodible coastal lands creates the potential for high erosion rates
along the Beaufort Sea and Chukchi Sea coasts (Kowalik 1984; Mars and Houseknecht 2007).
From 1950 to 1980, the coastal erosion rates averaged 0.6 m/yr (2 ft/yr), and over the period
from 1980 to 2000 this rate has increased to 1.2 m/yr (3.9 ft/yr) (Ping et al. 2011).

Present and future offshore oil and gas operations in the Beaufort and Chukchi Seas need
to take into account climate change impacts on circulation and sea ice patterns. The complex
circulation patterns on the Arctic continental shelf are affected by water temperature and density
gradients and freshwater inputs of varying temperature from rivers as well as increased sea ice
and glacier melting over recent years (Yamamoto-Kawai et al. 2009). Furthermore, reductions in
sea ice have been more apparent in nearshore areas associated with landfast ice (typically
extending out between 5 and 50 km [3 and 31 mi] from shore) in comparison to offshore regions
(Mahoney et al. 2007; Fissel et al. 2009). A recent study has also shown that remote-sensing of
sea ice extent may not always distinguish between first-year and multiyear sea ice, which is an
important distinction in sea ice quality for supporting exploration activities, biotic habitats, and
waterway access (Barber et al. 2009). The summer open ice season that determines when ships
can enter the coastal regions along the north Alaskan coast has trended toward an earlier opening
date in the spring and a later closing date in the fall (Fissel et al. 2009; Markus et al. 2009).
While decreased sea ice has the potential to support more shipping activity in the Arctic, it is
likely that hazardous ice floes will persist (Stewart et al. 2007), and decreases in landfast ice
could result in increased impacts on coastlines through wave damage and ice ride-up (Arctic
Council and IASC 2005).

4.2.3.2.2 Cook Inlet and Shelikof Strait. Cook Inlet and Shelikof Strait are located on
the continental shelf of the Gulf of Alaska, which is a semi-enclosed basin of the Pacific Ocean
surrounded by the steep terrain of the Alaskan coast. The continental shelf region is
characterized as having a complex bathymetry of channels, island chains, and embayments.
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Cook Inlet is a large embayment with a length of 330 km (205 mi) along a northeast to southwest
axis that is approximately 37 km (23 mi) wide in the northeast near Anchorage and 83 km

(52 mi) wide at its mouth (Gatto 1975). The upper and lower portions of Cook Inlet are formed
by the coastline constriction that occurs near the West Forelands to the north of Kalgin Island.
The Shelikof Strait, located southwest of Cook Inlet between the Alaskan coast and the Kodiak
Islands, forms a fairly uniform channel that is approximately 270 km (168 mi) in length and

45 km (28 mi) wide (Muench and Schumacher 1980). Figure 4.2.3-3 shows the location of Cook
Inlet and Shelikof Strait along with major circulation patterns.

The circulation along the continental shelf of the Gulf of Alaska is dominated by the
Alaskan Coastal Current, which is driven by winds and freshwater runoff of the numerous rivers
and glaciers along the Alaskan coast (Stabeno et al. 2004). Alaskan Coastal Current waters enter
Cook Inlet through the Kennedy and Stevenson Entrances and flow northward along the eastern
side of the inlet as the result of Coriolis forces (induced by the rotation of the Earth) and then
cross over to the western side of the inlet because of the shoreline geometry near the Forelands
(Rappeport 1982). Observed circulation patterns suggest a net outflow of surface flows out of
the inlet, which implies that there is a net inflow of deepwater flows into the inlet (Potter and
Weingartner 2010). Cook Inlet is estuarine in character because of the mixing of marine waters
from the Alaskan Coastal Current and freshwater inflows from several rivers, resulting in
complex density-driven circulation patterns (Rappeport 1982; Mulherin et al. 2001). The
Matanuska River, Knik River, and Susitna River combined contribute more than 70% of the
freshwater inputs to Cook Inlet in the northern basin, as well as act as a significant source of
suspended sediments that can reach concentrations greater than 1,700 mg/L (Gatto 1975).
Riverine inputs of freshwater and sediments to the northern portion of Cook Inlet vary
seasonally, and their resulting influences on temperatures and salinity generate seasonal
variability in circulation patterns in Cook Inlet (Okkonen et al. 2009).

The circulation patterns in Cook Inlet are significantly influenced by the strong
semidiurnal tide pattern with corresponding tidal amplitudes that range between 4.2 and 5 m
(14 and 16.4 ft) in the lower portion and up to 9.0 m (29.5 ft) in the upper portion of Cook Inlet
near Anchorage (Rappeport 1982; Archer and Hubbard 2003). Tidal currents travel at speeds
ranging between 1 and 4 m/s (3 and 13 ft/s) (Whitney 2000; Oey et al. 2007). Average water
depths in Cook Inlet vary from 18.3 m (60 ft) in the upper portion to 36.6 m (120 ft) near its
mouth, with several deep channels along its longitudinal axis that contain sand dunes with
heights on the order of 2 m (7 ft) (Haley et al. 2000). The interaction of density-driven
circulation and tidal currents results in rip currents that form persistently along the deep channels
(Haley et al. 2000; Whitney 2000), which can often be observed by turbidity color changes, as
well as the accumulation of surface debris and foam along rip current edges (Rappeport 1982).
The ebbing flow out of Cook Inlet combines with Alaskan Coastal Current waters and enters the
Shelikof Strait, where water depths are on the order of 200 m (656 ft) and average current speeds
range between 0.2 m/s (0.7 ft/s) in the winter and 0.1 m/s (0.3 ft/s) in the summer (Muench and
Schumacher 1980). The southwest flow out of the Shelikof Strait merges with the Alaskan
Stream (the western boundary current of the Gulf of Alaska) approximately 200 km (124 mi)
southwest of Kodiak Island (Stabeno et al. 2004; Rovegno et al. 2009).
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Significant wave heights (average wave height of the upper-third-largest waves) are
typically 0.6 m (2 ft) in the lower portion of Cook Inlet and the Shelikof Strait, but maximum
wave heights of 5.5 m (18 ft) have been recorded during storm events (Rappeport 1982).
Tsunamis can occur in response to volcanic activity of Mount St. Augustine on Augustine Island
in the southwestern portion of lower Cook Inlet. Modeling results of the 1883 tsunami suggested
wave heights of amplitude 1.2 to 1.8 m (3.9 to 5.9 ft) (Kienle et al. 1986). However, more recent
modeling results suggest that the timing of a tsunami with the tidal phase can result in a fivefold
amplification of wave heights near the shores of Anchor Point (Kowalik and Proshutinsky 2010).

Ice floes moving with tidal currents are the largest threat to navigation and marine
structures in Cook Inlet. According to Mulherin et al. (2001), three types of sea ice form in
Cook Inlet: pack ice, landfast ice, and stamukhi ice (forms by stacking of low-tide formed ice
sheets on the sediment surface). The sea ice forms in the upper portion of Cook Inlet in the fall,
while the lower portion is typically ice free until December. Stamukhi ice stacks can reach 7.5 to
12.2 m (24.6 to 40 ft) in thickness and typically become ice floes that move away from the shore
because of buoyancy forces. During the fall-winter ice-covered season, the ice pack can cover
between 10 and 80% of Cook Inlet, which becomes completely ice free each spring (Muench and
Schumacher 1980; Mulherin et al. 2001).

4.3 ASSESSMENT OF ISSUES OF PROGRAMMATIC CONCERN

4.3.1 Multiple Use Issues and Marine Spatial Planning

The activities that may occur and the facilities that may be installed on the OCS as a
result of the Program are described in Section 4.4.1, which presents a scenario for the projected
amounts of oil and gas exploration and development activities and the number of facilities and
pipelines that are estimated to take place or be installed during the program, if Alternative 1, the
Proposed Action, is implemented. Comparisons with other alternatives are provided later in the
document, but the analyses presented in Sections 4.3 and 4.4 would apply, as appropriate, across
all the alternatives. Much of the rest of this chapter is concerned with assessing potential
impacts from these activities and facilities on the environmental resources that are analyzed in
the PEIS. In some areas, these oil and gas facilities and activities also create a potential for space
use conflicts with other activities and facility sitings not related to oil and gas development. This
section discusses the other major activities and facilities on the OCS that could occur and coexist
with oil and gas construction and activities during the program and, as a result, create potential
space use conflicts. These conflicts could include situations in which the presence of oil and gas
infrastructure and associated support, exploration, and production activities preclude, or are
precluded by, other uses of the OCS; or situations in which oil and gas facilities and activities in
combination with other types of activities and infrastructure could threaten the ecological
sustainability of the area. Typically, the Bureau of Ocean Energy Management (BOEM) has
managed OCS space and multiple use issues through coordination with other State and Federal
agencies that manage and regulate activities on or near the OCS, and has developed regulations,
lease stipulations, and other mechanisms to restrict oil and gas activities to avoid conflict with
other activities taking place in the same area. In recent years, Coastal and Marine Spatial
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Planning (CMSP) has emerged as a new paradigm and planning strategy for coordinating all
marine and coastal activities and facility constructions within the context of a national zoning
plan.

4.3.1.1 Multiple Use Issues

4.3.1.1.1 Department of Defense Use Areas. Military Use Areas, established off all
U.S. coastlines, are required by the U.S. Air Force (USAF), Navy, Marine Corps, and Special
Operations Forces for conducting various testing and training missions. Military activities can
be quite varied, but they normally consist of air-to-air, air-to-surface, and surface-to-surface
naval fleet training; submarine and antisubmarine training; and Air Force exercises. Offshore
military areas (including military dumping areas) are present in some OCS planning areas.
Section 3.9.1.2.3 of this draft PEIS discusses offshore military use areas in the OCS planning
areas being considered for the proposed action.

Aircraft operated by all U.S. Department of Defense (USDOD) units train within a
number of special use airspace (SUA) locations that overlie the military operating areas, as
designated by the Federal Aviation Administration (U.S. Fleet Forces 2010). SUAs are the most
relevant to the oil and gas leasing program because they are largely located offshore, extending
from 5.6 km (3 NM or 3.5 mi) outward from the coast over international waters and in
international airspace.

There are 21 U.S. military bases along the coasts of the planning areas being considered
for oil and gas leasing in the proposed action: 18 bases along the GOM coast and 3 in the
vicinity of the Cook Inlet Planning Area. In addition, there are four active USAF radar sites
located on the coast bordering the Beaufort and Chukchi Sea Planning Areas. They are all Long-
Range Radar Sites, and each site has restricted areas within certain facilities. Access to each is
only for personnel on official business and with approval of the commander of the USAF’s
611th Air Support Group. While there are a number of military use restriction areas (danger
zones or restricted areas) in the GOM (see Figure 3.9.1-2), there are no such restrictions in the
waters of the Cook Inlet Planning Area or the Beaufort and Chukchi Sea Planning Areas
(National Marine Protected Areas Center 2008). In the Cook Inlet Planning Area, the closest
danger zone is Blying Sound, which is managed by the U.S. Navy and located to the east of
Cook Inlet near Prince William Sound. The Blying Sound Danger Zone is rarely activated, and
there are no use restrictions for most of the year.

Danger zones are defined as water areas used for a variety of hazardous operations
(Marine Protected Areas Center 2008; U.S. Fleet Forces 2010). Danger zones may be closed to
the public on a full-time or intermittent basis. Restricted areas are water areas defined as such
for the purpose of prohibiting or limiting public access. Restricted areas generally provide
security for Federal Government property and/or protect the public from the risks of damage or
injury that could arise from the Federal Government’s use of that area.
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There are more than 40 military warning areas in the northern GOM area, designated by
the USAF for the conduct of various testing and training missions, and by the U.S. Navy for
various naval training and testing operations. Most of these areas overlie waters that are less
than 800 m (2,600 ft) in depth (Figure 3.9.1-2).

Although offshore oil and gas activities have the potential to affect military activities, the
USDOD and U.S. Department of the Interior (USDOI) have cooperated on these issues for many
years and have developed mitigation measures that minimize the potential for conflicts. For
example, stipulations are applied to oil and gas leases in critical military use areas. Whenever
possible, close coordination between oil and gas operators and the military authorities for
specific operational areas is encouraged and, in some cases, is required under these lease
stipulations. In some instances where the military requires unimpeded access to specific areas on
the OCS, specific lease blocks have been deleted from one or more proposed lease sales.

The USDOI will continue to coordinate with the USDOD regarding future lease
offerings, new areas of industry interest, and current or proposed areas of military operations. As
part of this coordination, applicable stipulations would continue to be routinely evaluated and
modified, as necessary, to minimize or eliminate conflicts. An example of this process was the
inclusion of three previously deferred blocks (Mustang Island Blocks 793, 799 and 816) in the
Western GOM Planning Area in OCS Lease Sales 192 and 196, subject to a recently revised
Lease Stipulation of Operations in the Naval Mine Warfare Area.

Offshore oil and gas development under the proposed action within the Alaska Region
would not interfere with standard or routine military practices. Additional vessel traffic resulting
from industry development and exploration would simply increase existing traffic and not affect
military activities. The BOEM works in cooperation with the USCG regarding industry
exploration and development in waters off the coast of Alaska.

4.3.1.1.2 Liquefied Natural Gas Facilities. Natural gas is liquefied to concentrate a
much greater volume of product in a given space to facilitate storage and/or transportation. Use
of liquefied natural gas (LNG) reduces the volume it occupies by a factor of more than 600,
making the transportation of gas in tankers economical. Environmental effects specific to LNG
transportation and facilities are associated with explosions and fires and with the cryogenic and
cooling effects of either an accidental release of LNG or the release of cooled water during the
vaporization process. In the GOM, most, if not all, LNG facilities are expected to use an open-
loop vaporization process that uses a throughput of approximately 130 to 250 million gallons per
day of seawater to raise the temperature of the LNG from —260°F to 40°F. This process
produces a discharge of seawater that has been cooled by as much as 20°F. These discharges are
expected to occur in water depths ranging from 18 to 55 m (60 to 280 ft). This large volume of
cool, dense water could create an impact on the surrounding environment, rendering the area
uninhabitable by local species of invertebrates and fish, especially in the GOM. The magnitude
of this impact is still unknown since there is only one facility (the Gulf Gateway facility)
currently operating. The potential cumulative effect of multiple facilities also needs
consideration. In addition to the thermal discharge, biocides are added to prevent fouling of the
flow through the system.
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These facilities operate by offloading vaporized LNG from tankers into the existing
offshore natural gas pipeline system. Although BOEM does not permit or regulate these
facilities, their increased presence and use on the OCS will create space use issues and will add
to the existing mix of potential offshore cumulative impacts. Currently, only one LNG facility
has been constructed and is operating on the GOM OCS. The Gulf Gateway Energy Bridge,
which was brought into service in March 2005, is located in 85.3 m (280 ft) of water in West
Cameron, South Addition Block 603, approximately 116 mi (187 km) offshore of the Texas—
Louisiana border. The Gulf Gateway Energy Bridge is capable of delivering natural gas at a
base load rate of 500 Bcf per day.

Other LNG facilities on the OCS are currently in some stage of the permitting process.
The Bienville Offshore Energy Terminal is a planned LNG facility located 63 mi (101 km) south
of Mobile Point, Alabama. The initial application for the facility was withdrawn on October 9,
2008, and a revised application, submitted on June 30, 2009, featured a redesigned terminal
using “closed-loop” ambient air technology for LNG vaporization. The application was
approved in 2010. In Louisiana, the Main Pass Energy Hub is a converted sulfur and brine
mining facility. This LNG facility is expected to begin operations sometime in 2011 or 2012.

4.3.1.1.3 Alternate Energy Development. In April 2009, the President and the
Secretary of the Interior announced the final regulations for the OCS Renewable Energy
Program, which was authorized by the Energy Policy Act of 2005. The final regulations
(74 CFR Part 81: 19638-19871) govern management of the BOEM Renewable Energy Program
by establishing a program to grant leases, easements, and right-of-ways (ROWSs) for renewable
energy development activities on the OCS. Renewable energy from the OCS may come from
technologies and projects that harness offshore wind energy, ocean wave (hydrokinetic) energy,
or ocean current (hydrokinetic) energy.

Multiple Federal agencies have responsibilities for the regulation and oversight of
renewable energy development on the OCS. The BOEM issues leases and grants for both OCS
wind and hydrokinetic projects and permits the construction and operation of wind facilities.
The Federal Energy Regulatory Commission will permit the construction and operation of
hydrokinetic facilities on BOEM-issued wave and current energy leases. The BOEM also has
the authority to issue ROWSs for offshore transmission lines that would link OCS renewable
energy projects in order to facilitate efficient interconnection of the OCS projects to the onshore
electric grid.

As required by the Energy Policy Act, the BOEM will issue leases on a competitive basis
unless it determines that no competitive interest exists. After a lease is acquired, the developer
must submit and receive approval of appropriate plans (for wind energy projects) or license
applications (for hydrokinetic projects). At the end of the lease term, the developer must
decommission the facilities in compliance with BOEM regulations.

There are currently no commercial hydrokinetic or wind energy projects on the OCS in

the planning areas under consideration for the Program. The BOEM, in coordination with
relevant states, has identified Wind Energy Areas (WEAS) offshore of the mid-Atlantic coast.
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Although OCS oil and gas leasing and development activities could interfere with future OCS
wind energy renewable energy projects (and vice-versa), the BOEM offshore oil and gas and
offshore renewable energy programs will be coordinated to ensure that leasing and development
activities under both programs are carried out with as little conflict between the two programs as
possible. The identification of any future WEAs in areas with high or expected levels of oil and
gas development (such as the GOM) will also be closely coordinated between the two programs.
No such WEAs, however, have been identified in any of the BOEM OCS planning areas being
considered for oil and gas leasing under the proposed action, nor are any wind or Kinetic energy
developments anticipated there during the program.

4.3.1.2 Coastal and Marine Spatial Planning

On July 19, 2010, the President signed Executive Order (EO) 13547, Stewardship of the
Ocean, Our Coasts, and the Great Lakes, establishing a national policy for the stewardship of
these resources. This national policy identifies Coastal and Marine Planning (CSMP) as one
of the nine objectives. Furthermore, it outlines a framework for effective CMSP to address
conservation, economic activity, user conflict, and sustainable use of the ocean, coasts, and
Great Lakes.

Despite the existence of numerous articles on CMSP (e.g., see papers in Marine Policy,
Vol. 32, 2008) and the incorporation of marine spatial planning (MSP) principles by various
nations into their resource management practices (e.g., EO 13547; the National Oceanic and
Atmospheric Administration (NOAA) CSMP Program, http://www.cmsp.noaa.gov/program/
index.html), a standard, universally accepted definition of MSP currently does not exist. Most
existing definitions are phrased in broad terms and objectives, such as the United Nations
Educational, Scientific and Cultural Organization (UNESCO) definition, “[MSP] ... is a public
process of analyzing and allocating the spatial and temporal distribution of human activities in
marine areas to achieve ecological, economic, and social objectives that have been specified
through a political process” (UNESCO-IOC 2010).

Although NEPA is not usually seen as a spatial planning exercise, the PEIS for the
Program and subsequent NEPA evaluations effectively are, at least in part, just that. The draft
PEIS identifies broad areas of the OCS where oil and gas leasing may occur and identifies in a
spatial and temporal context the potential for impacts on natural and social resources and systems
that could occur with subsequent oil and gas leasing in those areas. The subsequent lease sale
and post-lease NEPA analyses identify the specific areas and time frames where and when
mitigating measures need to be applied to address potentially unacceptable impacts on natural
resources and socioeconomic resources and systems. One outcome of this NEPA process,
therefore, is the identification of areas on the OCS where BOEM regulates and manages oil and
gas operations to meet economic and social objectives in a manner compatible with
environmental sustainability objectives.

Table 4.3.1-1 describes ways in which the objectives and methods of CMSP are
compatible with or differ from those of the Five-Year Programmatic EIS. While there are
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TABLE 4.3.1-1 Comparison of the Objectives and Methods of CMSP with Those of the 2012-2017

OCS QOil and Gas Leasing Program PEIS2

Coastal and Marine Spatial Planning

Programmatic EIS

Envisioned as a tool to make ecosystem-based
management of marine resources possible.

Large Marine Ecosystems (LMES) used to define
spatial boundaries.

Based on hierarchal scale-based approach
addressing different issues and at different scales
at each level of analysis, and in which each level
provides context for the next lower level.

Used to develop areas identifying ecologically
sensitive regions as well as areas suitable for
specific human uses.

Used to plan for existing and proposed offshore
uses, while reconciling economic, social, and
environmental demands on an area.

Based on multiple sector planning approach.

Uses a broad scale appropriate for an ecoregional
approach for evaluating potential impacts.

Large Marine Ecosystems (LMES) used to define spatial
boundaries.

The NEPA concept of tiering is based on a hierarchal
scale-based approach in which the programmatic EIS
provides the general context for the more detailed analyses
in the lease sale EIS.

Used as the first step in a planning process to develop
areas where oil and gas operations will be regulated to be
consistent, in combination with other uses of the area, with
current environmental sustainability objectives.

Programmatic cumulative analysis evaluates all differing
economic, social, and environmental demands on an area
to inform the decision on program timing, size, and
locations.

Focused on the effects of a single sector on other sectors.

& Highlighted text shows areas of particular similarity.

fundamental similarities and overlaps between the objectives and approaches of CMSP and the
2012-2017 PEIS, a major distinction between the two planning approaches is that the PEIS
perspective focuses on the single use of the OCS for hydrocarbon exploration, extraction, and
transportation, whereas the CMSP focuses on reconciling all economic, social, and ecosystem

uses of an area in developing a CMS plan.

The National Ocean Policy framework document divides U.S. waters (mean high water
mark to 200 NM) into nine regions based on Large Marine Ecosystem (LME) boundaries. CMS
plans will be created and implemented at the regional level though stakeholder input. It is
anticipated that the plans will serve as an overlay for decisions made under existing regulatory
mandates. In effect, regional CMS plans once approved by the National Ocean Council (NOC)
will assist the BOEM programmatic EIS process in making informed decisions.

Environmental Consequences
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4.3.2 Health Impact Assessment

4.3.2.1 National Environmental Policy Act

The National Environmental Policy Act and its related Federal guidelines
(40 CFR 1508.8; 1978) have explicit language that requires the evaluation of both direct and
indirect effects of the oil and gas industry on human health as well as the effects on low-income
and minority populations (CEQ 1997). NEPA regulations instruct agencies to evaluate “the
degree to which the proposed action affects public health or safety” (Berner 2011). Although
these mandates exist, limited health information is currently included in Federal EISs. With the
addition of the discussion of health issues in the planning stages, the impacts on human health
can be considered beforehand, public and decision-maker awareness can be promoted, and
prevention or mitigation can be built into the operations (Bhatia 2007; Niven and McLeod 2009).
This would, in essence, change the process from reactionary to precautionary, thus attempting to
remove or control health issues at the source (Niven and McLeod 2009).

4.3.2.2 Potential Impacts on the Human Environment

Offshore oil and gas activities have the potential to cause both adverse and beneficial
impacts on human health. The exploration and development phases of oil and gas activities are
beneficial because they require a large and diverse labor force to build the platforms, exploratory
rigs, and various ships, boats, and barges necessary for working offshore (Luton and Cluck
2003). Increases in the labor force can promote the economy and development of infrastructure
in these communities (Berner 2011).

Effects on the human environment can be both positive and negative, specifically with
respect to psychological effects. The announcement of a leasing decision can affect humans in a
positive way because it can boost the economy and bring much needed infrastructure
development, while possible negative effects could be related to additional stress and anxiety
over oil spills and impacts on the natural resources that communities use for a subsistence
lifestyle (NRC 2003). Negative impacts on the human environment vary based on whether they
are the result of routine events or the result of the threat/event of an accidental oil spill.

4.3.2.3 Potential Impacts of Routine Events Oil and Gas Activities

The North Slope Borough, Alaska, and the Alaska regional office of BOEM, through a
Memorandum of Understanding, have evaluated the effects of the oil and gas industry on
humans in the region. Appendix J of the Beaufort and Chukchi Sea Planning Areas Oil and Gas
Lease Sales 209, 212, 217, and 221 Draft Environmental Impact Statement (OCS EIS/EA MMS
2008-0055) presents a full evaluation of these effects and is hereby incorporated by reference in
this PEIS (http://www.alaska.boemre.gov/ref/EIS%20EA/ArcticMultiSale_209/ _DEIS.htm).
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Public concerns regarding pollution of locally harvested fish and game, loss of traditional
food sources and hunting grounds, and rapid social changes are examples of negative impacts on
humans in Alaska. The harvesting of wildlife resources in the North Slope of Alaska contributes
widely to the cultural, nutritional, and economic way of life of the residents living there (NRC
2003). These impacts could affect both physical and mental health of Native tribal communities.
Changes in the traditional way of life can lead to deteriorating physical well-being and mental
health as well as increased domestic violence and substance abuse. North Slope tribal
communities are concerned about the impacts of noise associated with routine operations on
bowhead whale migration routes, as they depend on these whales for subsistence (NRC 2003). If
the whales migrate farther offshore, there are increased safety risks for the whalers themselves
who must travel in more dangerous seas to hunt. Increased stress and anxiety from oil and gas
development may contribute to the mental health issues of Alaskans (NRC 2003).

The increased development has increased the smog and haze near some villages, which
could be the cause for increased instances of asthma. Air quality is a major concern for the
residents who live there (NRC 2003). The impacts of the proposed action on air quality and
related health concerns are discussed in Section 4.4.4. Increased rates of diabetes are likely
the result of residents consuming higher concentrations of nonsubsistence foods such as
shortening, lard, butter, and bacon, and consuming less fish and marine mammal products
(Ebbesson et al. 1999 referenced in NRC 2003).

However, the increased revenue from the oil and gas industry can promote the economy
and improve infrastructure of these more remote locations, resulting in beneficial impacts
(Berner 2011). Alaska Natives have recognized that they have benefited by receiving monies to
spend on public works and facilities, as well as better health care and counseling centers
(NRC 2003).

As discussed in Section 4.4.14, Environmental Justice, much of the Alaska Native
population resides in the coastal areas of Alaska. Any new onshore and offshore infrastructure
occurring between 2012 and 2017 could be located near these populations or near areas where
subsistence hunting occurs. Any adverse environmental impacts on fish and mammal
subsistence resources from installation of infrastructure and routine operations of these facilities
could have disproportionately higher health or environmental impacts on Alaska Native
populations. Mitigation measures, cooperative agreements between Native and industry groups,
and government-to-government consultations are designed to limit the effects from routine
events.

4.3.2.4 Potential Impacts of Accidental Spills

4.3.2.4.1 Gulf of Mexico. The impacts on human health as a result of oil spills can be
broken down into several categories. Goldstein et al. (2011) list the categories as “those related
to worker safety; toxicological effects in workers, visitors, and community members; mental
health effects from social and economic disruption; and ecosystem effects that have
consequences for human health.” Initial concerns focus on the short-term toxicological effects to
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humans such as nausea, dizziness, eye irritation, headaches, and respiratory and dermal irritation,
but more research is necessary to understand long-term effects (Goldstein et al. 2011). Impacts
on air quality include the emission of pollutants from the oil and the fire emissions that are
hazardous and possibly fatal to humans, as well as the dispersant mist resulting from the
application of the chemical dispersants on the oil (BOEMRE 2011). The impacts of the
proposed action on air quality are fully discussed in Section 4.4.4.

After an accidental release of oil into the environment, the more volatile, water-soluble,
and degradable compounds will be weathered and degraded, leaving behind the heavier, less
degradable elements. These heavier elements, when combined with sand on beaches, form tar
balls, which can be encountered by beachgoers for some time. Humans walking along the beach
can absorb these heavier elements through the soles of their feet and subsequently into their
bloodstream (OSAT-2 2011). Beachgoers may also inhale petroleum hydrocarbons present as
vapors or attached to airborne particles (OSAT-2 2011). Other immediate effects of particular
concern are heat stroke and exhaustion and the inappropriate use of personal protective
equipment by cleanup crews, especially in the GOM. In the case of the Deepwater Horizon
event, elevated rates of post-traumatic stress disorder, depression, alcohol abuse, and conflicts
between domestic partners were observed (Goldstein et al. 2011). A large part of the GOM
region’s economy is based on the oil and gas industry and the harvesting of seafood.
Restrictions placed on these industries due to an oil spill can increase the anxiety levels of
humans and may contribute mental health issues (Goldstein et al. 2011).

Oil spills have the potential to impact certain groups of people more than others based on
their current state of health. For example, GOM coast populations include communities that are
still recovering from Hurricane Katrina, and “among the 50 States, Louisiana ranks 44th to 49th
(depending on the metric used, with 1st being the best) in the overall health of residents, rates of
infant death, death from cancer, premature death, death from cardiovascular causes, high-school
graduation, children living in poverty, health insurance coverage, and violent crime”

(United Health Foundation 2009 as referenced in Goldstein et al. 2011). As discussed in
Section 4.4.14, there are areas in the GOM of environmental justice concern. It is possible these
low-income and minority populations could be affected to a greater extent than the general
population because of their dietary reliance on wild coastal resources, their reliance on these
resources for other subsistence purposes such as sharing and bartering, their limited flexibility in
substituting wild resources with those purchased, and their likelihood of participating in cleanup
efforts and other mitigating activities.

4.3.2.4.2 Arctic and Cook Inlet. The Native tribes of the North Slope have serious
concerns about what would happen if there was an accidental oil spill in the Arctic region. An
oil spill could have physical, psychological, social, economic, spiritual, and cultural impacts on
the Native Alaskans. Major areas of concern are with impacts on subsistence resources, air
quality, and oil spill cleanup. These concerns are related to how and if it would be cleaned up
and how the International Whaling Commission would react if the spill greatly impacted the
bowhead whale population (NRC 2003). The impacts of the proposed action on air quality are
discussed in Section 4.4.4. The North Slope Borough, Alaska, and the Alaska regional office of
BOEM have, through a Memorandum of Understanding, evaluated the effects of the oil and gas
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industry on humans in the region. Appendix J of the Beaufort and Chukchi Sea Planning Areas
Oil and Gas Lease Sales 209, 212, 217, and 221 Draft Environmental Impact Statement
(MMS 2008) presents a full evaluation of these effects.

Oil spills can affect human health in Alaska through the same ways as discussed for the
GOM; additionally, major concerns involving the impacts on human health due to oil spills relate
to the subsistence lifestyle of Native Alaskans. Humans can be affected through contact with the
contaminants, such as through inhalation, skin contact, or intake of contaminated foods; through
reduced availability of subsistence resources; through interference with subsistence harvest
patterns; and stress due to fears of long-term implications of the spill (MMS 2007d as referenced
in MMS 2008).

As discussed in Section 4.4.14, there are areas in the Alaska region that are of
environmental justice concern. Much of the Alaska Native population resides in the coastal
areas of Alaska, and subsistence activities of Native communities could be affected by accidental
oil spills, with the potential health effects of oil spill contamination of subsistence foods being
the main concern. Mitigation measures, cooperative agreements between Native and industry
groups, and government-to-government consultations are designed to limit the effects from oil
spills.

4.3.2.5 Conclusion

Health effects are discussed throughout this PEIS, as appropriate. The State of Alaska is
currently developing an approach to integrate health analysis into the EIS by way of a Health
Impact Assessment (HIA) (Berner 2011). An HIA is a scientific method used to assess the
potential effects of a policy on the health of a population and the distribution of those effects,
and it brings together stakeholders to find a solution (Quigley 2006, CEQ 1981, referenced in
Berner 2011). The overall purpose of HIAs is “to inform and influence decision making on
proposals and plans, so health protection and promotion are effectively integrated into them”
(Quigley et al. 2006). This programmatic-level EIS acknowledges that there will be impacts
on human health, both positive and negative, from the proposed action, but it is a broad-level
document discussing the impacts over entire planning areas. It would be more appropriate to
discuss impacts to site-specific populations at the lease sale level when a better understanding
of who will be affected is clear.

4.3.3 Invasive Species

EO 13112, Invasive Species, defines invasive species as species that are non-native
(or alien) to the ecosystem under consideration and whose introduction causes or is likely to
cause economic or environmental harm or harm to human health. Invasive species can be plants,
animals, or pathogens. Nationwide, invasive species are associated with environmental damages
and losses totaling over $138 billion annually (Pimentel et al. 2000). More than 50,000 invasive
species have been documented to date in the United States, and roughly 42% of threatened and
endangered species in this country are considered at risk primarily because of invasive species
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(Pimentel et al. 2005). Effects of invasive species can be devastating on both habitat and native
species and may (1) include a decrease in biological diversity of native ecosystems, (2) decrease
the quality of important habitats for native fish and invertebrate species, (3) reduce habitats
needed by threatened and endangered species, (4) increase direct and indirect competition with
aquatic plants and animals, and (5) pose human health risks
(http://www.invasivespeciesinfo.gov/whatis.shtml).

Oil and gas activities may play a part in the introduction of invasive species or may
provide substrate and habitat encouraging the establishment of invasive species. Drillships and
semisubmersibles are used and relocated throughout the world’s oceans. Over time, fouling,
encrusting, and boring organisms will attach to these devices. Unintentional introductions may
occur when these drilling rigs are relocated to a new region such as the GOM. These same
drillships and semisubmersibles may transport and release ballast water containing invasive
plankton, larval invertebrates, or even fish, which may then become established due to the
availability of acceptable habitat, plentiful food supply, and lack of predators.

Since 1998, there have been at least 16 documented cases of rigs being brought into the
GOM from other parts of the world. Some rigs operating in the GOM were constructed or
recently modified in Singapore, Taiwan, and Scotland. Newly built rigs undergoing their last
year of construction stand in waters of surrounding shipyards. A year is sufficient time for
fouling and encrusting organisms to colonize rig surfaces. One large semisubmersible was kept
in Mobile Bay, Alabama, for 1 yr. Prior to being placed in Mobile Bay, it had spent 6 months
drilling off the coast of Trinidad.

Oil and gas drilling rigs, platforms, and pipelines provide substrate and habitat for sessile
organisms. Invasive mussels, barnacles, and corals are known to use rigs and platforms as
attachment sites. Many marine organisms require hard surfaces to use as attachment sites for all
or part of their natural history. Jellyfish have a polyp stage that requires hard substrate. Polyps
settling on rigs in one location and then transported to another region can asexually reproduce.
One polyp can produce up to 300 new jellyfish. Currently, there are thousands of oil and
gas platforms in the GOM, each of which can provide a hectare or more of hard substrate that
can support algae, mollusks, and other sessile invertebrates (Atchison et al. 2008). No-activity-
zone natural reefs provide 104.5 km?2 (40.3 mi2) of hard substrate, which could be used for
settlement sites.

Above-water platform structures may also encourage the colonization of new habitat by
invasive species. Many migratory bird species use the platform structures as stopover spots
while crossing the GOM (Russell 2005). Ongoing research funded by the BOEMRE is studying
the interactions between migrating birds and oil and gas structures off the Louisiana coast.

A number of invasive species have been recorded from the OCS planning areas
considered for oil and gas leasing in the proposed action. In the GOM, invasive species reported
since the mid-1900s include the brown mussel (Perna perna), the Australian spotted jellyfish
(Phyllorhiza punctata), the pink jellyfish (Drymonema dalmatina), two species of hydroids
(Cordylophora caspia and Garveia franciscana), a sea anemone (Diadumene lineata),

a polychaete worm (Hydroides elegans and Ficopomatus enigmaticus), the Atlantic copepod
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(Centropages typicus), four barnacle species (Balanus amphitrite, B. reticulatus, B. trigonus, and
Tetraclita stalactifera stalactifera), and four species of isopod (Sphaeroma walkeri, S. terebrans,
Limnoria spp., and Ligia exotica). Some of these species are native to other parts of the world
(e.g., the brown mussel is native to Africa and South America), while other species are native to
North American marine habitats but not to the GOM (e.g., the Atlantic copepod Centropages
typicus). Suggested avenues of initial introduction of these various species include discharge of
ballast water, dumping of ballast rock, or attachment to vessel surfaces.

Although invasive species are a worldwide problem, Alaska has far fewer invasive
species compared to the rest of the nation (Piorkowski 2003a). Relatively few aquatic invasive
species have been introduced and become established in Alaska compared to other States. This
is, in part, due to Alaska’s plant and animal transportation laws, geographic isolation, northern
climate, small human population, and relatively few concentrated disturbed habitat areas
(Fay 2002). However, a non-native amphipod and a colonial tunicate have been found in
Alaskan waters. Potential introduction pathways include the movement of large ships and ballast
water from the United States west coast and Asia, and the relocation of previously used docks
and pier timbers (ADFG 2011). While invasive species impacts, to date, are low, potential
threats must be monitored because a significant portion of Alaska’s economy, including sport
and commercial fishing, depends upon the pristine and natural quality of its aquatic ecosystems.
Climate change may also affect the ability of marine invasives to become established (Invasive
Species Advisory Committee 2010). For example, changes in water temperature or precipitation
regimes (and associated runoff into coastal waters) may make areas more favorable for an
invasive species to become established or spread.

Exploratory drilling of Federal leases offshore of Alaska requires bringing rigs and/or
vessels to Alaska. Such rigs or vessels may come from the GOM, the West Coast, or foreign
waters and be contaminated with species alien to Alaska. Such species may be attached to the
hull structure (e.g., sponges and barnacles), hitch a ride on the vessel (e.g., rats, insects,
crustaceans, and mollusks), or be transported via ballast water (e.g., crustaceans and mollusks).
Once brought to Alaska, alien species contaminating a rig or vessel may subsequently disperse
into Alaska’s ecosystems.

Although introduction of invasive species to Alaskan waters could occur through the
import and placement of offshore oil/gas structures, the threat has not been considered
significant. The Alaska Aquatic Nuisance Species Management Plan (Fay 2002) considers
activities other than oil/gas structures major pathways for the introduction of aquatic alien
species, including aquaculture; aquarium trade; biological control; boats, ships, and aircraft;
channels, canals, and locks; live bait; nursery industry; scientific research institutions, schools,
and public aquariums; recreational fisheries enhancement; restaurants; and seafood retail and
processing.

Vessels, including those used by the oil/gas industry, do pose more potential for
introducing invasive species than oil/gas structures. For example, Hines and Ruiz (2000)
reported finding 13 species of crustaceans and 1 species of fish arriving at Port VValdez in the
ballast water of oil tankers voyaging from San Francisco Bay or Long Beach, California. The
issue of invasive species and ballast water is managed by the USCG under the National Invasive
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Species Act of 1996. The USCG has promulgated regulations (33 CFR Part 151) to make
compliance with ballast water guidelines mandatory. Therefore, oil- or gas-related vessels are
required to abide by these requirements in order to reduce the potential for introduction of
invasive species.

4.3.4 Risk of a Low-probability, Catastrophic Discharge Event

4.3.4.1 Introduction

The risk of potentially severe consequences of oil spills, especially the risk and
consequence of low-probability, large volume spills, is an issue of programmatic concern.
Although unexpected and accidental, large spills may result from OCS exploration or
development operations involving facilities, tankers, pipelines, and/or support vessels. Incidents
with the greatest potential for catastrophic consequences are losses of well control with
uncontrolled releases of large volumes of oil, where primary and secondary barriers fail, the well
does not bridge (bridging occurs when the wellbore collapses and seals the flow path), and the
flow is of long duration (Holand 1997). The term “catastrophic discharge event” is used in this
section to describe an event that results in a very large discharge into the environment that may
cause long-term and widespread effects on marine and coastal environments.

In general, historical data show that loss of well control events resulting in oil spills are
infrequent and that those resulting in large accidental oil spills are even rarer events (Anderson
and Labelle 2000; Anderson in preparation; Bercha Group 2006, 2008; Izon et al., 2007). The
Norwegian SINTEF Offshore Blowout Database, which tracks worldwide offshore oil and gas
blowouts, where risk-comparable drilling operations are analyzed, supports the same conclusion
(IAOGP 2010). New drilling regulations and recent advances in containment technology may
further reduce the frequency and size of oil spills from OCS operations. However, as the 2010
DWH event illustrated, there is a small risk for very large spills to occur and result in
unacceptable impacts, some of which have the potential to be catastrophic.

A fundamental challenge is to accurately describe this very small risk, especially since
there have been relatively few large oil spills that can serve as benchmarks (Scarlett et al. 2011).
Prior to the DWH event, the three largest spills on the OCS were 80,000, 65,000 and 53,000, and
all occurred before 1971. From 1971 to 2010 there were 253 well control incidents, 53 of which
spilled oil. Excluding the DWH event, less than 2,000 bbl were spilled from these 53 well
control incidents. During this same period, more than 41,500 wells were drilled on the OCS and
almost 16 Bbbl of oil produced. The National Commission on the BP Deepwater Horizon Oil
Spill and Offshore Drilling has recently argued for a more rigorous and transparent oil spill risk
and planning process to support government and industry decision making (2011). At the
present time, there is a not an ideal, standardized approach to characterizing the risk of spill
occurrence and consequence across all relevant space and time scales, consistent with inherent
uncertainties associated with different regional factors and different exploration or production
operations (Pritchard and Lacy 2011).
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Historically, BOEM has characterized oil spill risk using the Oil Spill Risk Analysis
(OSRA) model to identify the risk of oil released from numerous locations on the OCS
contacting environmental resources. BOEM performs OSRA modeling in support of individual
lease sales and certain exploration/development plans. BOEM also considers risk during the
review of an operator’s Exploration Plan, Development and Production Plan (or Development
Operations Coordination Document), and/or Application for Permit to Drill (APD). The same
OSRA runs often form the basis for spill risk and resource contact analysis in industry-submitted
plans. The APD describes the drilling procedures and technology that are planned to be used to
drill a specific well under the specific geologic, geophysical, and environmental conditions that
exist at the site. BOEM evaluates the APD to determine whether the operator’s drilling plan is
appropriate for the drilling risk of the site.

Industry often prepares sophisticated, well-specific risk assessments for exploration or
development wells. The hazards-based or well-specific approach can use event-tree, fault-tree,
and “safety case” analytical methods (Cooke et al. 2011; DNV 2010). Well-specific quantitative
risk analysis (QRA) is frequently performed by operators (e.g., Mechanical Risk Integrity,
BlowFAM, BowTieXP), where risk is quantified and compared to acceptance criteria and
thresholds. Such quantitative risk analysis considers formation/well characteristics, technology
and procedures, and human error/management (which is frequently a root cause of many well
control incidents). The recently promulgated Safety and Environmental Management System
(SEMS) rule, building on API Recommended Practices (RPs) 14C, 14J, and 75, now requires all
OCS operators to identify, address, and manage safety and environmental hazards during design,
construction, start-up, operation, and maintenance activities.

To support the planning decision involved in establishing a 5-yr schedule of lease sales,
detailed analyses of highly variable, region-specific and/or well-specific risk is neither feasible
nor appropriate. At this decision juncture, the critical realization is that the risk of a spill with
catastrophic consequences albeit small, is not zero. Different OCS regions and operations may
have different risk profiles (Scarlett et al. 2011). This section assesses the importance of
different catastrophic discharge event risk factors in different program areas. This discussion is
presented to bring into focus critical risk factors, acting individually or in combination, that may
occur in program areas so that additional consideration is given to these issues during the
Program. In addition, recent regulatory changes implemented since the DWH event that BOEM
believes contributes to risk reduction are summarized.

4.3.4.2 Risk Factors Influencing Occurrence, Size, Containment, Response, and
Fate/Consequence of a Catastrophic Discharge

Risk is the combination of the probability of an event and the magnitude of the
consequences of that event. While BOEM primarily analyzes spills in context of routine small
spills and accidental large spills, this programmatic discussion on risk focuses on low-
probability, very large volume, long-duration OCS spills with the potential for catastrophic
effects (40 CFR 1502.22). Such a catastrophic discharge event may result in “large-scale
damage involving destruction of species, ecosystems, infrastructure, or property with long-term
effects, and/or major loss of human life” (Eccleston 2010). Such a spill is defined by the
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National Oil and Hazardous Substances Pollution Contingency Plan as a “spill of national
significance” or “a spill which due to its severity, size, location, actual or potential impact on the
public health and welfare or the environment, or the necessary response effort, is so complex that
it requires extraordinary coordination of federal, state, local, and responsible party resources to
contain and cleanup the discharge” (40 CF. Part 300, Appendix E). For a spill to be considered a
catastrophic discharge event, its potential discharge volume must be such that catastrophic
effects could occur. As previously discussed, long duration uncontrolled flows from a well
control incident provide the greatest volumes of potential flow and are the spill sources
considered in this section. A scenario of maximum spill volume and duration is presented in
Table 4.3.4-1, describing catastrophic discharge characteristics in different program areas. The
discharge rate, volume, extent, and duration varies with geologic formation, well design, and
engineering characteristics, spill response capabilities, and time to containment. The potential
volume of oil that could enter the environment fundamentally depends on the success of
intervention, containment, response efforts at the incident site, or the length of time needed to
stop the flow from the well by drilling a relief well. The effect of discharged oil not recovered is
influenced by various weathering processes and response measures, such as use of dispersants
and burning. The potential adverse effects also vary with time of year and location of release
relative to winds, currents, land, and sensitive resources, specifics of the well (i.e., flow rates,
hydrocarbon characteristics, and infrastructure damage), and response capability (i.e., speed and
effectiveness). A catastrophic discharge event does not inherently equate to a spill with
catastrophic effect. Instead, impacts depend critically on the spill size, oil type, environmental
conditions, resources present and exposed, toxicity and other impact mechanisms, and
population/ecosystem resilience and recovery following direct exposure.

Industrial Economics, Inc., and Environmental Research Consulting, under contract to
BOEM, identified a suite of factors that may contribute to loss of well control and affect the size
and duration of catastrophic discharge event, differences in efficacy of containment and
response, and differences in fate. They include the following:

» Geologic formation and hazards;

« Water depth and hazards;

» Geographic location (including water depth);

»  Well design and integrity;

» Loss of well control prevention and intervention;

« Scale and expansion;

* Human error;

« Containment capability;

* Response capability;
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TABLE 4.3.4-1 Risk Factors That Affect a Catastrophic Discharge Event

Risk Factors

Factors That Affect Occurrence

Factors That Contribute to
Catastrophic Consequences

Geology

Water Depth

Well Design and
Integrity

Loss of well control
prevention and
intervention

Scale and expansion

Human error

Containment Capability

Response Capability

Geography

Drilling location, drill depth; mature

vs. frontier areas
Reservoir pressure and volume
Seabed complexity
Shelf hazards

Increased water depth increases
complexity of operation

Drill string length

Cementing and casing design

Well integrity

New technologies (e.g., associated
with expansion)

Prevention systems (e.g., BOPs,
Backup control systems, ROVs)

Human error

Scale of operations and expansion

Improperly maintained equipment

Complexity of operations both
physical and operational

Human error

Coordination and management

Lack of training and preparedness
Extreme working environments

N/A

N/A

Region-specific meteorology:
temperature, extreme weather,
prevalence of ice

Larger reservoir volume

Higher reservoir pressures

Uncertainty associated with drilling in
frontier areas

Shallow water depth increases probability
of contact with humans, sensitive species
and sensitive environments

Exploratory drilling and improper well
construction

Prevention system failure

Source of blowout: wells and platforms
(as opposed to pipelines)

Human error, often involving lack of
understanding of new technologies

Mechanical failure
Equipment failure

Human error
Coordination and management

Lack of training
Failure to take precautionary measures

Subsea vs. surface containment

Distance from shore (duration)

Response capability in remote areas

Capping at the well vs. drilling relief well
vs. chemical and mechanical response

Distance to shore: proximity to coastline
increases probability of catastrophe

Hurricanes associated with high-volume
spills
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TABLE 4.3.4-1 (Cont.)

USDOI
BOEM

Risk Factors Factors That Affect Occurrence

Factors That Contribute to
Catastrophic Consequences

Oil types, weathering
and fate

Temperature of oil: higher oil
temperatures and lower water
temperatures (e.g., Arctic) increase
likelihood of breakage

Tidal patterns

Currents and hurricanes

Oil weathering and evaporation

Mechanical recovery, dispersal, or burning

Transport/ice

Oil persistence

Ambient temperatures affect rate of oil
flow from blowout location

« Oil types and weathering/fate; and

» Specific regional geographic considerations, including oceanography and
meteorology.

Many of these factors apply to drilling, abandonment, containment, response, and effects
of the event and contribute to the overall catastrophic discharge risk associated with an OCS
area, or even a particular well. The interplay of these factors is relevant to evaluating the risk of
a catastrophic discharge event and ensuing consequences (Table 1). As the BP report concluded
on the DWH event, a complex series of connected mechanical failures, human judgments,
engineering design mistakes, and operational, implementation, and team interactions often
contribute to incidents (BP 2010). Many of the risk factors are interrelated, and some factors
both increase and decrease cumulative risk depending upon whether one is evaluating the risk of
occurrence or the consequence of that occurrence. Moreover, some risk factors may contribute
to more or less risk depending on the specific situation.

4.3.4.2.1 Loss of Well Control Occurrence.

Geologic Conditions. Depending on the region, the geology of the OCS varies greatly in
character and oil and gas exploration potential. Risk assessments of mature areas (areas where
prior drilling operations have occurred) benefit from previous geological exploration and well
development. Alternatively, frontier areas, such as the Arctic, are relatively underexplored and
do not have long registries of geological data or previous attempts at well drilling. This adds
additional risk to frontier operations. Though improvements in seismic technology allow three-
dimensional modeling of sub-seafloor geology, frontier areas inherently are characterized by
greater risk (USGS 2011; National Commission on the BP Deepwater Horizon Oil Spill and
Offshore Drilling 2011). Geologic data in deepwater and ultra-deepwater frontiers in the GOM
is growing, as is the industry’s understanding of the geological variability and risks, especially as
operators continue to develop leases tied to these oil-rich areas.

Because of variations in shallow and deep geologic framework, exploration and drilling
often encounter numerous challenges including shallow hazards, such as seafloor instability,
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shallow water flow, permafrost, and gas hydrate, shallow gas and sour gas zones, as well as
relatively deeper hazards, such as salt, and tar zones (Close et al. 2008; Nuka and Pearson 2010;
Shaughnessy et al. 2007). In deepwater reservoirs in the GOM, narrow margins in pore pressure
and fracture gradient, over-pressurized and low pressure zones, and reservoir
compartmentalization (including low flow assurance) can represent key engineering challenges
(Cunha et al. 2009; IHS/GPT 2011). Such geological differences across the different regions
represent key concerns for the potential influence geology exerts on wellbore integrity, a key
element in drilling and developing wells.

Most of the larger reservoirs being targeted on the shallow GOM shelf produce natural
gas. There are comparatively fewer plays capable of very large oil discharges as compared to
deep water. In shallow water, the relatively lower formation pressure typically results in a higher
margin of safety, although encountering shallow gas represents a substantial hazard. The
pressure margin allows operators to change the weight of the drilling mud by several pounds per
gallon to balance formation pressures. In additional, a large number of shallow-water wells
actually require positive external stimulation to produce and facilitate flow of the product from
the drilling site.

In general, geologic pressure (pore pressure) and temperature increase with depth.
Offshore oil reservoirs can be highly pressurized and compressed under thousands of feet of
unconsolidated sediment, salt bodies, and sedimentary rock. The true vertical depth of some
reservoirs may exceed 9,144 m (30,000 ft). Deep wells are known to have pressure ratings
exceeding 20,000 pounds per square inch (psi) (USDOI 2010; Midé 2010). As pressure and
pressure gradients increase, drilling operations become more challenging and necessitate careful
balancing of pressures to prevent either the collapse of the well (from excessive pore pressures)
or fracturing of the rock and loss of circulation (from excessive drilling pressure). Deeper
reservoirs also tend to feature larger volumes of oil. In the event of a well blowout, wells tapped
into larger reservoirs can potentially release more oil into the environment and at greater
discharge rates since flow rates depend in part on temperature and pressure. Uncontrolled flow
rate, or “open flow potential,” can be over 100,000 bbl per day.

Water Depth: Rig and Well Complexity. Water depth alone is not a strong predictor
of well control incidents, but it is related to the complexity of technology and operations
(Jablonowski 2007; Malloy, 2008; Cohen and Krupnick 2011). Exploration wells are most often
drilled in open water where no platform exists. Jackups, submersibles, semisubmersibles, and
drillships, collectively referred to as mobile offshore drilling units (MODUSs), are commonplace
in exploration drilling, whereas modular rigs installed on platforms are more commonly used in
production wells. Drilling of a production well often involves interaction with a production
platform and the existing wells on the platform. Water depth not only drives the drilling
technology, but also influences well design and construction practices, as well as safety measures
used to mitigate risk of well control incidents. As oil prices remain relatively high, exploration
and production firms venture into deeper waters where larger reservoirs of oil are known to exist.
While contingent on a number of factors, deepwater and ultra-deepwater oil operations may have
higher safety incidence rates owing to rig complexity, although there have been and continue to
be a greater number of loss of well control events in shallow water (Shultz 1999;

Jablonowski 2007; Izon et al. 2007; Cohen and Krupnick 2011).
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Alhough definitions of exact depth ranges vary, shallow water depths are generally
defined as less than 200 m (656 ft). Shallow water exploration and development rigs involve
comparatively simple well construction, allow direct access to well control prevention
mechanisms, are less susceptible to deepwater currents (although waves and strong coastal
currents are in play), and do not face complications with pressure and temperature variations
found with deepwater and ultra-deepwater wells. In addition, shallow water depths allow surface
blowout preventer (BOP) placement where preventative maintenance and service can be done
directly by rig operators. At the same time, GOM infrastructure in shallow water tends to be
older and may be more prone to mechanical failure. Depending on water depth, OCS
exploration wells in the Arctic may be drilled from an artificial island; large, usually bottom-
anchored drilling structures; or a drill ship.

The greater complexity of wells and specialized equipment used on deepwater and ultra-
deepwater rigs may present more opportunity for mechanical breakdown and accidents
(Jablonowski 2007). Well complexity increases the number of routine operations and incidence
of unusual operations, such as stuck pipe and complex casing and cementing programs
(Jablonowski 2007). Complexity also increases the number of individual tasks that need to be
performed on a well, complicating procedures and communication.

Deepwater depths are roughly defined as seabed depths that exceed 200 m (656 ft) but
are less than 1,500 m (4,921 ft). Because of the extreme depths of deepwater drilling, these
operators can no longer utilize traditional fixed platforms directly on the seabed, and different
technologies and procedures are required. Deepwater drilling rigs are multi-point moored to the
sea floor or, more recently, dynamically positioned. More complex operations such as mooring,
station keeping, riser management, and deepwater well control may complicate operations and
increase the number of procedures prone to errors and equipment prone to failure. The newest
platforms incorporate advanced technology, about which few data on long-term success or
incidents have been gathered (USDOI 2011b). The technologically advanced BP Thunder Horse
platform, for instance, intended to be BP’s largest producer in the GOM, flooded because of the
backward installation of a valve. Deepwater wells require subsea BOP placement at depths
unreachable for human service; ROVs become necessary. Maintenance, repair, and assurance of
proper functioning of such mechanisms are more difficult at greater depths.

Ultra-deepwater is a relatively new class of wells defined as exceeding wellhead depths
of 1,500 m (4,921 ft). Similar to deepwater platforms, ultra-deepwater rigs are floating semi-
submersibles and dynamic positioned drill ships. Ultra-deepwater wells require intricate and
complex platforms, structures, and equipment to operate. High hydrostatic pressures and low
ambient temperatures in such deep waters necessitate heavier and more specialized equipment.
The extended depth demands larger platforms and operating rigs to handle the added drilling
materials, as well as storage capacity.

Well Design and Integrity. Well construction is a process with numerous stages
preceding well abandonment or production. Construction of an offshore well involves different
types of setting agents, pipe, casing, cements, wellhead technology, rigs and platforms, drilling
muds (synthetic or water based), and cleaning/preparation agents. These differ by environment,
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with deepwater wells requiring distinctly different construction and technologies to withstand
conditions at extreme hydrostatic pressures and lower temperatures.

Since the process of sub-seabed drilling cannot be directly observed, drilling operators in
an offshore environment are reliant on secondary indicators to ensure proper construction of the
well. Geophysical imaging, pressure readings, and reclaimed fluid testing are some of the
secondary indicators used in drilling at depth. Though these tests lend accuracy in mapping
pressure zones, impediments such as pockets of gas, shallow water flows, faults, salt deposits, or
rubble zones are not always forecast.

The primary function of a well system is to reliably contain, control, and transport
hydrocarbons to the surface. In general, risks are determined by well bore parameters and an
operator’s familiarity with the well bore. Drilling engineers must constantly monitor pore
pressures, fracture gradients, fluid circulation, and abnormal pressure zones to avoid loss of well
control. When drilling into frontier or new reservoirs, limited knowledge of wellbore parameters
can increase risk of accidents. The number of barriers are often scaled with the likely
consequence of failure; multiple barriers are often used to achieve adequate reliability and avoid
leaks. Complex hole sizing, drilling string, wellhead technology, and mud programs, as well as
casing and cementing designs are required to reach target depths in deep water and ultra-deep
water. Mud, casing, and cementing programs must be designed, refined, and implemented as
well bore parameters and formation characteristics are being monitored.

Drilling mud/completion fluid pressure is the primary well control barrier for drilling and
well intervention operations (PCCI 1999). When this fluid hydrostatic pressure drops below that
of the formation, a kick occurs, which means that formation fluid enters the wellbore. Casing
and cementing programs, diverters, BOPs, and wellheads can provide backup (secondary or
redundant) barriers to prevent a blowout when a kick occurs. Casing and cement, as well as
drilling or completion fluids, are used to ensure the fluids in a formation do not enter the
wellbore during drilling and completion operations. For production operations, a packer/tubing
string and tree may provide the primary well control barrier. The production casing and
wellhead system provide a backup barrier in case of a packer or tubing string leak.

In 2008, BOEMRE published guidelines on the various steps towards managed pressure
drilling, a process that avoids the continuous flow of formation fluids, to facilitate better
planning of drilling operations (Eschenbach and Harper 2011). Further drilling safety
procedures and practice guidelines have been submitted by BOEMRE in recent years due to the
2010 DWH incident, including the new Drilling Safety Rule and SEMS rule. Under these and
other rules, drilling practices must properly address and manage known and possible risks with
adequate mitigation and safety technology (USDOI 2010; USGS 2011).

Well integrity issues arise with the cement used in construction. Fluids used to clean and
prepare the well for cement are either water-, synthetic-, or oil-based, which can contaminate
cement. At sub-seabed depths of 5,486 m (18,000 ft) or more, heavy cleaning fluids run the risk
of not filling their intended purpose and contaminating subsequent cementing jobs. Cementing
problems were associated with 18 of 39 blowouts between 1972 and 1999 in the GOM
(Izon et al. 2007). However, the majority of these cement-related blowouts were of short
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duration, primarily released natural gas, and involved shallow strings in a well-surface casing.
Mechanical indicators such as negative pressure testing and pressure and heat gauges to test
cement integrity have also come under scrutiny for lack of accuracy; the pressure gauges used
for negative pressure testing for Macondo were accurate to + 400 psi, a rather imprecise measure
(OPG 2011). It is presumed both cementing issues and mechanical failure may have been a
factor in the Macondo well blowout (National Commission on the BP Deepwater Horizon Oil
Spill and Offshore Drilling 2011; JITF 2011).

When considering the risk of loss of well control, it is important to distinguish among the
different types of wells, including exploration, development, and production wells. Exploration
wells are drilled in open water from a mobile offshore drilling unit, whereas production and
development wells are often drilled under an existing platform. In general, exploration may
involve greater uncertainty due to the availability of geologic data, nature of drilling technology,
and unique barrier factors, such as BOP placement (Eschenbach and Harper 2011). From 1971
to 2010, there have been over a total of 41,781 wells drilled in the OCS. Of these, 26,245 were
development wells, 15,491 were exploration wells, and 43 were core tests or relief wells. The
overall OCS well control incident rate for drilling was 1 loss of well control incident per 292
wells drilled (1 per 201 for exploration wells, and 1 per 410 for development wells). These well
control incident rates include all well control incident rates related to drilling operations whether
or not a spill occurred. Despite the increased risk of drilling wells on undeveloped frontiers,
procedures followed in drilling exploratory wells may be more conservative (i.e., safer) to
account for this increased level of uncertainty (Eschenbach and Harper 2011).

In the GOM from 1980 through 2004, there was a relatively higher number of well
releases during development drilling and well workover operations as compared to exploration
drilling. This contrasts with worldwide trends where more well releases tend to occur during
exploratory drilling (Holand 2006). Holand (2006) attributes this to the fact that more
development wells are actually drilled. Hurricanes or ship collisions caused approximately 50%
of the production blowouts (Holand 2006). Simultaneous operations of drilling and production
also increase the risk of incidents when drilling production wells. Another root cause of
sustained blowouts during completion and workover is the positive potential for pressurized
hydrocarbons and limited bridging tendency with flow through perforations or gravel pack
(Flak 1997).

In general, the riskier wells include wildcat wells (first well into formation), offset wells
(wells drilled near another well that encountered drilling trouble zones or past well control
problems), and extended or ultra-deep drilling (SPE Advisory Summit 2011). Deepwater and
ultra-deepwater wells require complex infrastructure, planning, and execution to construct;
therefore, facilities and volume of production tend to get larger with distance from shore and
water depth (Shultz 1999). The complex nature of the formations, combined with the drilling
depths in high-pressure/high-temperature conditions required to reach the target zones, presents a
challenge to drilling engineers (Close et al. 2008). This challenge is highlighted in the greater
number of casing strings required to drill to target depth, which in turn creates the challenge in
achieving good cement isolation in a tight tolerance annuli (Close et al. 2008; Chatar et al. 2010).
Despite such challenges, over 2,300 deepwater development wellbores and approximately
2,600 deepwater exploration wellbores have been drilled. Of these, the Macondo well is the only
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exploration well to involve a blowout and large oil spill. No spills have occurred for deepwater
development wells.

Loss Well of Control Prevention and Intervention. A blowout occurs when there is
failure to control a kick and regain pressure control, and can be defined as an uncontrolled flow
of formation fluids. Oskarsen (2004) classifies offshore operations blowouts in three groups:

» Surface blowouts characterized by fluid flow from a permeable formation to
the rig floor;

» Subsurface blowouts characterized by fluid flow at the well at the mudline,
where the exit conditions are controlled by the seawater; and

» Underground blowouts characterized by fluid flow from one formation zone
to another, typically by using the wellbore as a flow path.

Potential scenarios for each blowout type are described in Oskarsen (2004). Blowout
rates by different phases of exploration and production operations and relative water depths are
available in Holand (2006). Although high hydrostatic pressures at depth will aid in choking any
flow from potential blowout points (PCCI 1999), two independent barriers are typically used for
well control. The primary barrier is usually the hydrostatic pressure exerted by the well
mud/synthetic fluid column (either static or dynamic). The secondary barriers typically include
the pressure control equipment such as the BOP, the diverter system, the wellhead (innermost
casing hanger seal), and the choke/kill line valves. These barriers are routinely used during
drilling, completion and workover operations. If the well is flowing (i.e., producing oil and/or
gas), the primary barrier is that closest to the reservoir (PCCI 1999).

Individual BOP systems are used during drilling operations to prevent unrestrained
release of crude oil from reservoirs. BOPs are composed of all systems required to operate them,
including flexible joint, annular preventer, ram preventer, connector, choke and kill lines, choke
manifold and auxiliary equipment (USDOI 1996). The specific type of BOP may influence the
loss of well control and well releases. For example, fault tree analysis in the DNV Beaufort Sea
Study showed that there is substantial risk reduction with BOPs having two sets of blind shear
rams spaced at least 1.2 m (4 ft) apart. The study concluded that the reliability of a two blind
shear system is 99.32%, compared to 99% for a single blind shear ram (Midé, 2010). Despite the
seemingly low percentage, an increase of 0.32% in BOP reliability raises the estimated number
of wells that can be drilled before an uncontrolled blowout to 6,213 from 4,225 (Midé 2010).

In shallow-water wells, BOPs are placed above the sea on the rig, allowing for periodic
repair and maintenance. The operations of surface BOPs are not subject to all of the
complicating factors associated with subsea BOPs, and they are more accessible for repair and
intervention. However, surface BOPs that are placed on floating facilities (as opposed to jack-up
rigs) present other significant risks. The high-pressure riser and casing from the seafloor to the
rig can be exposed to dynamic stresses. A failure of a high-pressure riser due to these stresses
can lead to uncontrolled flow below the surface BOP system located on the floating facility.
Well operations from a floating platform with a surface BOP stack and a high-pressure riser
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(through the water column) are higher risk operations than drilling from a jack-up rig or a fixed
platform. The single high-pressure riser (or in some cases, a dual riser system) used by floating
platforms is subject to environmental forces such as current induced vibration that make it more
susceptible to stress fatigue. Jack-up rigs and fixed production platforms have more casing
strings tied back to the surface of the rig or platform, which provide additional external support
for the pressured casing. In addition, because these tied-back casing strings are used in
shallower water operations with a shorter water column, they are less exposed to current-induced
stress.

Deepwater and ultra-deepwater wells have subsea BOPs that are affixed directly to the
well on the seafloor. Deepwater and ultra-deepwater seafloor depths exceed depths at which
human operators can work, thus requiring submersibles and emergency backup control systems.
These systems can demonstrate failures. For example, the main control system of BOPs has a
failure rate of approximately 50% at depths of 800—1,200 m (2,625-3,937 ft), and approximately
7% at depths of 1,200-2,100 m (3,937-6,890 ft) (Midé 2010). Midé (2010) suggested that this is
because less variability exists in relatively calmer waters at deepest depths (e.g., currents and
marine life do not affect machinery as much in deep water). Important technology includes the
acoustic backup system, which communicates with the BOP system in the event of electrical and
hydraulic connection loss with the wellhead. DNV (2010) reported a 25% reliability of current
acoustic backup systems. ROV activation of the BOP using the secondary control system has a
75% success rate.

Overall, more research and development is necessary to increase the success rates of
control systems in order to reduce the risk of deepwater drilling operations. Evidence for the
containment response to the DWH incident, as well as a review of industrial and governmental
containment response, suggests that mitigation technology has not kept pace with extraction
technology that enabled industry to drill in increasingly deeper waters (IPIECA 2008;

Cohen et al. 2010). However, industry and regulatory enhancements are under development to
address control systems (USDOI 2010; DNV 2010).

Scale and Expansion. Scale and expansion of OCS operations increases the complexity
of drilling and production operations. Factors associated with scale include the number of wells,
new types of production facilities, new methods of transporting oil, higher levels of production,
the addition of simultaneous operations during production, and higher rates of pumping.
Expansions in scale of oil production require more well and platform construction, along with
higher production volumes. New technologies necessitated by an increased scale of operations
may be associated with higher levels of risk, especially when technologies are not fully
developed. The number of incidents reported increases with more complex operations, in
particular with deepwater operations which, by their very nature, often entail greater scale,
expansion, and complexity (Cohen and Krupnick 2011). Large-scale oil production involves the
use of subsea well complexes and large central processing and storage facilities, about which
little data on long-term success and incidents have been gathered. The OCS operations in the
GOM are moving farther offshore and incorporate more complex drilling and production
operations. For example, the Shell Perdido Project is simultaneously connected to 22 different
wellhead sites (Shell 2011b). A production facility of this scale, in addition to being in ultra-
deep water, typifies the trend in scale and expansion (Shell 2011a).
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More complex facilities and operations require equally complex management structures.
Operations of greater scale entail a complex set of relations between different operators,
contractors, and management groups. While the probability of release on more complex
facilities has not been actively studied, it is noted that the Macondo well suffered from
insufficient correction of known concerns prior to blowout because of management and
communication issues between operators and contractors (National Academy of Sciences 2010;
JITF 2011).

Human Error. Human error, or combinations of human and mechanical failure, are the
root cause of many OCS accidents and spills (Jablonowski 2007; Muehlenbachs et al. 2010).
Low-probability, high-impact failures such as the Macondo well blowout indicated more
stringent requirements were necessary (Winter 2010; DOI 2010). In the case of the Macondo
well, operators misread pressure readings, authorized high-risk activities, disregarded warning
signs, and overlooked the checks and balances that exist in regulatory assignments, while
mechanical BOP failure compounded the severity of the release (Winter 2010; National Oil Spill
Commission 2011). The new SEMS rule recognizes this gap and establishes a mandatory
program to ensure OCS operators identify, address, and manage safety and environmental
hazards and impacts during design, construction, start-up, operation, inspection, and maintenance
activities. This systemic approach to managing risk and ensuring safety and environmental
protection should provide more focus on the risk of system failures as well as on the human
factors that could contribute to an incident (SPE Advisory Summit 2011).

Level of training and safety culture are important factors in determining the number of
safety and well control incidents (Jablonowski 2007; Vinnem et al. 2010). A well-trained crew
that has participated in numerous practice exercises will decrease the probability of a spill caused
by human error. Lack of proper training has been a significant issue in the last decade, probably
because of a lack of incidents (Etkin 2011). Previously, standard industry practice often
permitted operation of technical equipment with on-the-job training or one-week training
courses. The MMS published final regulations for Well Control and Production Safety Training
(30 CFR 250, SubpartO) in 1997 (amended on August 14, 2000). Recently, the advent of new
regulations (the SEMS rule) and requirements for personnel on platforms and working on
drilling operations aims to eliminate the current gaps in industry-required trainings. Individuals
working in specific technical jobs are now required to attend annual training and certification,
and operators are required to perform job safety and hazards analyses (DOI 2010;

BOEMRE 2010; OGP 2011). Other factors such as climate and temperature could affect worker
performance. For instance, colder temperatures in the Arctic lead to higher probabilities of
human error due to the extreme working conditions (Eschenbach and Harper 2011).

4.3.4.2.2 Containment and Response. The effectiveness of containment and spill
response dictates the amount of oil released in the environment. Area and operation-specific oil
spill contingency plans, as well as actual containment and response efforts, will be designed
around many of factors that contribute to the risk of spill occurrence and fate of oil in the water.
Assuming the correct containment plan is in place, the risk of poor planning and containment
execution still exists (USCG 2011).
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If the BOP fails, other options are available to control the blowout, including
capping/shut-in, capping/diverting, surface stinger, vertical intervention, offset kill, and relief
wells (Neal Adams Firefighters, Inc. 1991). Of these methods, a relief well is often considered
most important, and may be required immediately (even if it is not the first choice), since it is
typically considered the principal solution for well control. The amount of time required to drill
a relief well may depend upon the complexity of the intervention (e.g., depth of formation), the
location of a suitable rig, the operations that may be required to release the rig, and any problems
mobilizing personnel/equipment.

Once the oil has reached the sea’s surface, the first few hours of a spill are the most
critical for response efforts. Boomers and skimmers should be deployed immediately to contain
the oil and in situ burning and dispersant use should be evaluated to supplement mechanical
collection methods. Since in situ burning and dispersant use are time sensitive, responders
should ensure the necessary supplies for either method (e.g., flame-resistant booms) are
available.

If a spill cannot be contained at the site’s wellhead (subsea), a response effort may be
required to restrict the surface spreading of oil in the water, especially from the shore. The
following sections outline the methods of containment, as well as the risks and considerations
unique to each.

Water Depth, Distance from Shore, and Other Variables. As shown by the DWH
event, the loss of well control in deeper depths presents containment obstacles and challenges
that would not necessarily be encountered during a loss of well control in shallow waters.
Although many of the same techniques used in shallow water were used to attempt to control the
Macondo well, the well control efforts were hindered by water depth, which required reliance
solely upon the use of ROVs for all well intervention efforts. This is a concern in deep water
because the inability to quickly regain control of a well increases the size of a spill, as occurred
during the DWH event. Other complications associated with responding to a deepwater blowout
include inaccessibility of the well, methane hydrate formation at lower seafloor water
temperatures, and the need to work with larger and less-available support equipment due to the
greater water pressure. The inverse relationship holds true for emergency response to spills. The
closer the well is to shore, the quicker the potential response.

Distance from shore, coupled with response measures, fundamentally drive the size of the
impacted area. Oil-spill contact potential, the likelihood of released oils contaminating areas or
materials of interest (e.g., beaches, wildlife, sensitive environments), decreases with greater
distance from shoreline (IPIECA 2008; JITF 2010). As physical distance from sensitive areas
and shores increases, sea waters, currents, waves, and other biological processes are able to
dilute and digest more of the spilled oil. VVolume alone does not determine the impact of the
releases. Releases close to shore may have greater effects, especially when concentrated into
inlets or smaller areas (IPIECA 2008).

In some respects, offshore spill events in the Arctic and sub-Arctic may offer a few

advantages to responders. Ice can serve as a natural oil boom and dampen surface waves, while
cold weather slows the rate of oil evaporation — making it easier to burn. Shore ice may also
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provide a physical barrier, limiting shore contact to oil. However, spill removal companies have
testified that icy waters actually make traditional techniques (booming and skimming)
significantly less effective (CRRC 2009). A spill during the fall freeze-up would be the most
dangerous time for a spill, and even chemical response methods would be limited (Nuka and
Pearson 2011). The Arctic is sparsely populated and infrastructure is not abundant. Thus, the
ability to appropriately respond to incidents remains a concern (USGS 2011). Ice-free seasons
are relatively short (around three months a year), and ice state may influence the ability to drill a
relief well. The relatively shallow Arctic depths could result in more contact potential in the
event of a catastrophic spill. Should spilled oil persist in the water column, there is concern that
suspended oil could become trapped in ice.

Status of Technology to Physically Contain. OCS operators are now required to submit
documentation that they are able to deploy adequate containment resources to respond to a
blowout or other loss of well control. In general, subsea containment at the wellhead is ideal and
most effective because it contains the oil at the source. Perhaps the most significant hurdle to the
development of containment at the blowout point (subsea) has been cost (BOEMRE 2010;
PCCI11999). Given the low historical probability of a significant blowout occurrence and
limited use of subsea containment equipment, industry development of cost-effective equipment
has not historically occurred, although that has changed in response to new regulatory
requirements.

As mentioned, containing oil at the wellhead is the ultimate goal in the event of a
blowout. However, subsea collector technologies have historically presented some operational
challenges given design and installation difficulties (PCCI 1999). For subsea oil containment,
the technical hurdles to be overcome during a deepwater blowout include the behavior of
deepwater currents; the ability to manipulate heavy objects on the seabed; the ability to design
subsea collectors that are flexible enough to cap a large range of subsea wellhead assemblies and
accommodate a high volume of recovered oil, gas, and water; the ability to approach the blowing
well and install containment devices on the seafloor; and the lack of standardization in subsea
wellhead design.

ROVs capable of manipulating heavy objects, especially collector technologies, near the
seafloor and in turbulent conditions caused by the blowout, are limited. In fact, even relatively
minor blowout plumes have rendered many ROVs useless. Aside from the risk of physical
damage from plumes, the following risk factors exist related to ROV use:

« Sufficient surface support or subsea lifting devices such as syntactic foam
buoys are required to assist the ROV with heavy object lifting;

» Subsea currents can complicate ROV use; and
» Navigation systems and/or sensors can be damaged from the blowout plume.
In comparison, subsea containment in shallow water is less complicated; for example, it

is easier to mobilize equipment and avoid hydrate formation at the relatively warmer seafloor
temperatures.
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The DWH event and implementation of NTL No. 2010-N10, however, has created new
impetus for industry-driven containment technology. For example, Marine Well Containment
Company (MWCC) — a partnership between ExxonMobil, Chevron, ConocoPhillips, and Shell —
has announced the release of its seabed containment system (Helman 2011). According to the
company, the unit features the ability to do the following:

« Contain 60,000 bbl per day of liquid and 120 million standard ft3 of gas;
 Inject dispersants; and
» Be placed in water up to 3,048 m (10,000 ft) deep.

This system is intended to address the weakness of the BP containment dome that caused
its failure during the DWH event (Helman 2011). The system can inject antifreeze-like
chemicals to inhibit natural gas hydrate build-up, which created spill containment complications
during the DWH event. Of course, whether Marine Well Containment Company’s system will
work as effectively as it claims will not be known until another blowout event occurs.

Another option for source control and containment is through the use of the equipment
stockpiled by Helix Energy Solutions Group, Inc. The Helix initiative involves more than
20 smaller energy companies and supplements the MWCC response effort. Helix has maintained
the equipment it found useful in the DWH event response and is offering it to oil and gas
producers for use. Together, the ships and related equipment can accommodate up to 55,000 bbl
of oil/day, 70,000 bbl of liquid natural gas, and 95 MMcf of natural gas at depths up to 2,438 m
(8,000 ft).

Shell is developing equivalent shallow-water containment technology for use in the
Arctic. The company is under increasing scrutiny from industry stakeholders to ensure that an
event similar to the one that happened in the GOM will not occur in the Arctic. Shell has pre-
staged response equipment and vehicles designed for Arctic conditions that can be activated
immediately (Dyer 2011). For example, in the 2011 Revised Outer Continental Shelf Lease
Exploration Plan, Shell’s spill response plan includes oil spill response (OSR) vessels with an
ice-capable Oil Spill Response Barge (OSRB) and associated tug (Point Oliktok tug and
Endeavor barge), a tank vessel for storage of any recovered liquids (Mikhal Ulyanov), and
associated smaller workboats. In addition, Shell’s plan includes two vessel of opportunity
skimming systems (VOSSs) to assist with containment and recovery, along with an arctic oil
storage tanker to provide storage of recovered oil (BOEMRE 2011). Shell has committed to
having a pre-fabricated subsea collection system with surface capability to capture and dispose
of oil, and has indicated that this system is in final design.

Aside from subsea containment, subsea dispersant injection into the well or blowout jet
zone is considered to be one of the most promising measures to contain the effects of the oil spill.
Design concepts to date require advanced planning to incorporate the appropriate equipment for
dispersant injection into the drilling infrastructure/equipment (e.g., subsea stack or BOP). The
industry is now focused on wellhead-independent injection systems; this method involves
applying dispersants into the blowout plume. As noted above, MWCC’s system includes a
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subsea injection capability. However, the environmental tradeoffs of subsea dispersant use
(similar to surface dispersant use, discussed in the following section) continue to be debated and
have been poorly documented based on limited prior application (USEPA 2011b).

Mechanical Recovery Methods. Mechanical recovery methods include the use of
booms, barriers, and skimmers, as well as natural and synthetic sorbent materials (NRC 2003).
Of all response efforts, mechanical methods exhibit the least impact on the environment and are
considered to be the first line of defense against surface oil spread (USEPA 2011d).

Booming and skimming are the two most widely used mechanical containment methods.
The effectiveness of these two measures will depend on the volume of the oil spill, location of
the well, and sea conditions. For example, at remote open-sea well locations, the immediate
availability of sufficient oil storage and/or oil-water separators may be limited (BOEMRE 2010;
PCCI 1999). Booms and skimmers become less effective in higher wave swells and wind, and in
fast currents. Three main types of skimmers exist, each with characteristics that may make them
more effective given certain ocean and spill conditions. Weir and suction skimmers operate best
on smooth water with little debris; oleophilic skimmers are the most flexible, can be used on
spills of any thickness, and may work most effectively on water that has rough ice debris (e.g., in
Alaska) (USEPA 2011e). Although oil recovery efforts must withstand the harsher climate
conditions of the Arctic, a research program conducted by SINTEF in 2010 concluded that the
mechanical recovery of oil spills is possible despite difficulties associated with maneuvering
skimmers through ice (Sorstrom et al. 2010). In any environment, collection rates of 20% are
considered exceptional in most cases (USEPA 2011e). In the case of the DWH event, skimmers
only accounted for the removal of 3 or 4% of the released oil because of relatively low efficiency
(USCG 2011).

The DWH event tested new, “enhanced” booms and skimmers, which may help expand
the range and efficiency of recovery in open water and near shore. Advances have been made to
create booms that can withstand rough sea conditions and more viscous oil, including in cold-
water conditions offshore Norway (McKay 2011). As a result, the effectiveness of recovery both
on open water and near shore can be expected to increase, especially given the attention of the
USCG to this matter (USCG 2011).

Sorbent materials capture oil through absorption or adsorption and are often used to
supplement booming and skimming. Lighter oil products (e.g., gasoline, diesel fuel, benzene)
are absorbed more easily, while thicker oil responds better to adsorption (USEPA 2011f). While
generally effective, the use of sorbents is less practical with extremely large spills or in windy
conditions.

Chemical and Biological Methods. Surface dispersants (chemical-based) can be
applied via boats, aircraft, or helicopters. A two- to three-day window following an event
generally exists to use dispersants (BOEMRE 2010); therefore, pre-approval of dispersal as a
contingency method and of specific dispersant use is essential (NRC 2006). Since the toxicity of
dispersants is an important consideration (IPIECA 2008; NRC 2005), mechanical containment
methods are the preferred initial response. Very large spills may require immediate application
of dispersants.
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The effectiveness of dispersants (compared to booming and skimming methods) is more
dependent on sea conditions. Studies indicate that dispersants are most effective at salinities
close to that of normal seawater (NRC 2005). In addition, dispersants work best in warmer water
(USEPA 2011b).

Gelling agents react with oil to form rubber-like solids that can then be removed from the
water via nets or skimmers. Gelling agents can be most effective for small to moderate spills in
moderately rough seas. The volume of gelling agent required can be as much as three times that
of the oil spill; therefore, for larger spills, it is impractical to use this method. Moderately rough
seas provide increased mixing effect of the agents with the oil, resulting in greater solidification
(USEPA 2011c).

The use of biological agents (i.e., bioremediation) for oil spill response is an emerging
area of research. Bioremediation is the act of adding materials (e.g., microorganisms) to the
environment to increase the rate of natural biodegradation. Currently, two technologies —
fertilization and seeding — are being used in the United States for oil spill remediation
(USEPA 2011a). Unlike the other methods covered in this section, bioremediation is a longer-
term response effort.

In Situ Burning. Burning is an effective method to remove much of the oil once it has
reached the water’s surface and reduces the need for storage of recovered oil. Weathering
properties of the oil will affect whether or not surface burning is a viable option. For burning to
work effectively, oil thickness must be at least 1 to 2 mm and water-in-oil emulsion must be 50%
or less (NOAA 1997).

The weathering properties of oil in icy waters are also important for recovery efforts.
Studies have shown that, in general, oil in icy waters weathers at a slower rate than in open
waters. The slower weathering process of oil in the Arctic Ocean increases the opportunity of
successful in situ burning, which efficiently reduces free floating oil and oil collected in booms
(Sorstrom et al. 2010). In situ burning has been successful in cases where oil was trapped in ice
(Nuka and Pearson 2010; S.L. Ross Environmental 2010).

A factor that could limit the application of in situ burning is the impact on human health
due to gas and particulate release from oil burning. Studies estimate that 5 to 15% of the oil is
converted to particulates (mostly soot) but that public exposure is not expected unless the smoke
plume sinks to ground level. However, in situ burning raises general concerns over air quality
impacts (NOAA 1997).

4.3.4.2.3 Fate.

Oil Type. Various oil types have varying characteristics, including pour point, viscosity,
weight, and composition. In general, lighter oils tend to be less viscous and can be byproducts of
crude oils such as diesel and gasoline. Lighter oils tend to be less toxic, although some from the
GOM tend to have higher concentrations of toxic compounds (Etkin 2011). Heavier oils tend to
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resist weathering and dispersant application, and then may persist in the water column for long
periods of time (USGS 2011; USDOI 2010; Etkin 2011).

Evaporation. Evaporation occurs when oil comes in contact with air on the surface of
the water. Evaporation rates are a function of numerous dynamics including oil viscosity,
ambient temperature, sunlight exposure, and oil type (IPIECA 2008). In general, lighter oils
such as diesel or gasoline will dissipate quickly or evaporate from the water, although
evaporation is slower in colder temperatures. More viscous or heavy forms of oil will tend to
persist longer and resist evaporation (USDOI 2011b). Compared to other oil-producing regions,
a greater portion of oils extracted from the GOM tend to be lighter crude oils. Because such oils
persist for a shorter period of time, they may cause less long-term damage and lower cleanup
costs. The viscosity of Arctic oils varies, but due to colder surface temperatures and a generally
cooler average climate, these oils are thought to evaporate more slowly, become trapped in ice,
or become viscous and suspended in the water column (USGS 2011; USDOI 2011b).

Weathering. Weathering of oil in the sea results from a number of factors, including
exposure to atmosphere, currents, biological organisms, and tidal patterns. In general, lighter
oils such as diesel and gasoline weather quickly (Dickins 2011; IPIECA 2008; Etkin 2011).
Higher ambient temperatures also accelerate weathering. The warm waters of the GOM are
thought to help oil to dissipate, although this may not be the case for all oils, especially those
generated in deepwater environments where ambient temperatures can be lower (USDOI 2010;
IPIECA 2008; Etkin 2011). In cases where releases become suspended in the water column,
long-term persistence may occur and potentially threaten marine life and economic activity tied
to the marine environment.

The weathering characteristics of spilled oil influence the range of drift and spreading
considered within spill trajectory assessments and dictate the effectiveness of chemical
dispersants, in situ burning, or mechanical responses. Conditions in the Arctic may lead to
longer term oil persistence. Denser, more viscous oils in colder temperatures weather at very
slow rates, potentially persisting on rocks for years (USGS 2011). Cold water also increases the
probability that oil from a spill will solidify in the water, persisting indefinitely and rendering
cleanup more difficult. However, weathering in the Arctic will be contingent on the season and
weather (Dickins 2011). If oil is exposed to more air and sunlight, evaporation and dispersion
due to weathering may also accelerate. Due to the variability in seasons (and in particular the ice
pack), it is important to consider the timing of the release in the Arctic to evaluate the potential
for long-term damage to the surrounding marine and coastal environments.

Transport. The transport and behavior of oil and gas released into oceans varies greatly
depending on the conditions of the area. The magnitude and spread of transport may depend on
water depth, ocean currents, meteorological events, and geographic specific factors including the
prevalence of ice. Fluids released into deep water, for instance, are subject to high hydrostatic
pressure and low ambient temperature, increasing the oil’s persistence and its potential to
transport to coastlines. A shallow water release from a high-pressure formation with a high
velocity may result in a turbulent mixing of the gas, oil, and water, with the mixture quickly
transported to the surface by the expanding gas under decreasing hydrostatic pressure (PCCI
1999). Research as part of the DeepSpill Joint Industry Project indicates that above the point of
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separation, gas bubbles and large oil droplets rise toward the surface while smaller, dispersed oil
droplets may be entrained in deepwater currents at the terminus of the jet phase (Johansen et al.

2001; S.L. Ross Environmental 1997). Deepwater spills increase the potential for oil remaining
trapped throughout the water column, and this increases the risk of oil transport to other regions
and water bodies, although the oil is expected to be highly dispersed.

Meteorological events specific to the GOM may potentially transport spilled oil to
shallow and coastal areas, increasing the risk of catastrophic consequences. Major
meteorological events specific to the GOM are cold fronts and hurricanes. The wind force and
magnitude of the storms in the area have the potential to expand the affected area of an oil spill.
Typically occurring between June 1 and November 30, hurricanes also have the potential to
destroy production facilities and precipitate releases. Data on platform spills also show that oil
spills that result from hurricane damage in the GOM have been larger in volume, accounting for
approximately 43% of large (>1,000 bbl) spills (Eschenbach and Harper 2011). During
hurricane passages in the GOM, production is shut-in and facilities are evacuated. This reduces
the probability of a very large release of oil from facilities.

Another major cause of physical transport that is specific to the GOM is the Loop
Current, a warm ocean current that wraps around the western coast of Cuba and the panhandle of
Florida. The current dominates upper ocean circulation in the eastern and central GOM, and
transports approximately 30 million m3 of water per second, with a variance of about 10%.
Speeds may exceed 150 cm/s at the surface with velocities as high as 5 cm/s at 1,000-m
(3,280-ft) depths. In both shallow and deep water, currents are dominated by cyclonic and
anticyclonic eddies that vary in magnitude and frequency, which increases the uncertainty
associated with effects on drilling operations (Donohue et al. 2006). The these characteristics
exhibited by the GOM Loop Current impose uncertainties during drilling operations and in the
event of an oil release. The vast amount of water transported throughout the GOM by the Loop
Current highlights the potential for the current and its associated eddies to transport oil from a
spill to the shelf and coastal areas, as well as water bodies outside of the GOM (USDOI 2007).
Due to the proximity of the current to the shelf and sensitive coastal areas, there is concern
regarding the rapid transport of oil in the event of a release. In many cases, the frontal boundary
at the edge of the Loop Current may limit the extent of transport. In addition, highly persistent
oil, especially in deepwater locations, may remain in the ocean for an indefinite period of time,
increasing the potential for the Loop Current to carry oil to sensitive coastal areas
(USDOI 2007).

In the Arctic Ocean, an important transport vehicle and barrier is ice. Offshore of the
shore-fast zone, the motion of the ice will be expected to transport the oil that is associated with
the ice. Field tests conducted by SINTEF Materials and Chemistry demonstrated that ice can
help contain a spill, and act as a natural barrier to the spread of oil (Brandvik et al. 2010).
Studies have shown that when ice coverage exceeds 10-20%, the higher ice coverage can trap
spilled oil within newly formed ice (Sorstrom et al. 2010). Oil trapped in ice naturally prevents
the spilled oil from affecting sensitive habitats and coastal areas, and prevents it from dispersing
and spreading to other bodies of water. Physically removing ice that encases spilled oil is a
potential solution in extreme cold temperatures. During the winter of 1998, 90% of the oil
spilled in the St. Lawrence River was recovered by removing 1,369 tons of ice (recovering
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10 tons of oil) (S.L. Ross Environmental 2010). Ocean currents in the Arctic are influenced by
cyclonic and anticyclonic eddies pushing released oil in numerous directions.

4.3.4.3 Regional Risk Profiles

The previous discussion of risk factors has been used to develop generalized regional risk
profiles for the areas under consideration for the Program. Figure 4.3.4-1 presents a conceptual
framework for considering the sequence of events, circumstances, and factors that define a low-
probability discharge event and contribute to the even lower potential for catastrophic
consequences. The catastrophic discharge event sequence is divided into two principal phases:
risk of occurrence and containment, and risk of fate and consequence. This framework
conservatively assumes that a relief well is needed to kill a wild well following a loss of well
control incident.

The top part of Figure 4.3.4-1 shows risk factors related to the occurrence of a well
incident and the ability to contain and recover oil discharge at the well site up to the time needed
to drill a relief well. The ability to mitigate these risks factors directly reduces the duration and
volume of the oil spill and likelihood that the spill will be a catastrophic event. Reducing the
risk of well control incidents, particularly for frontier exploration wells with the potential to
release catastrophic discharge volumes, is of primary importance to avoid any risk of oil in the
environment. As detailed in Section 4.3.4.3.4, BOEM implemented substantive regulatory
improvements following the DWH event to identify and mitigate risk factors that contribute to
well integrity and operational safety incidents.

If well barriers and intervention fails, containment and response at the well site becomes
the next critical line of defense to minimize the volume of oil being released into the ocean.
Mitigating the factors that constrain the ability to contain oil at the well site minimizes the degree
and duration of exposure that may otherwise occur prior to a relief well being completed weeks
to months later (or potentially longer in the Arctic depending on location and ice conditions).
New seabed containment systems developed for the GOM have the potential to contain
60,000 bbl of oil per day. This system, if as effective as stated, could contain over 5,000,000 bbl
of oil during a 90-day discharge period and significantly reduce the nature of exposure.
Equivalent systems and/or capabilities are being developed to enhance containment in the Arctic.
As detailed in the subsequent discussion in Section 4.3.4.3.4, BOEM has implemented
substantive regulatory improvements following the DWH event to ensure industry has
appropriate containment capability.

The lower part of Figure 4.3.4-1 shows factors that affect the fate and, in part, drive the
consequences of oil released into and transported through the larger environment. These factors
are not absolute risk factors, per se, because they do not operate in one direction, either
increasing or decreasing risk, across all ecological and human use resources. Usually response
actions taken to manage the fates or consequences of a spill involve considerations of tradeoffs
among potential impacts. For example, dispersants may be applied to protect coastal habitats
and resources from contact with a heavy, surface oil slick, but at the risk of exposing resources
occupying the marine water column to the effects of dispersants and dispersed oil. Physical
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FIGURE 4.3.4-1 Factors Affecting a Catastrophic Discharge Event

processes such as the Loop Current in the GOM could transport dispersed oil across large areas
within and outside the GOM, but whether or not this effect is considered a risk factor depends on
whether the ecological or human use concerns focus on the effects of a widespread but dilute oil
presence or on the effects of higher oil concentrations on critical resources within a more
localized area. Even distance to shore does not operate unambiguously as a risk factor since
drilling in deeper waters located farther offshore could increase drilling risk and potential
impacts to pelagic marine resources, but at the same time reduce the risk of contact with coastal
habitats and resources.

4.3.4.3.1 Catastrophic Discharge Event Scenarios. BOEM has prepared credible
scenarios of catastrophic discharge for each planning area that are used in later effects analyses
(Table 4.3.4-2). The scenarios do not account for potential discharge mitigating factors such as
well barriers, well intervention, or effective containment and response. Instead, oil is
conservatively assumed to flow from the well until the well is killed using a relief well. The
volume presented is a potential volume released. When accounting for containment, subsurface
and surface dispersion, evaporation, mechanical recovery, and in situ burning, the actual amount
released is assumed to be less. The principal factors driving the potential release amount and
duration are geologic, well design, and oil type properties (which determine maximum discharge
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TABLE 4.3.4-2 Program Area Catastrophic Discharge Scenarios?

Volume Duration
Program Area (Mbbl) (days) Factors Affecting Duration
Gulf of Mexico 0.9-7.2 30-90 Water depth and drill depth determines timing of relief well
Arctic
Chukchi Sea 1.4-2.2 40-75 Timing relative to ice free season and/or
Beaufort Sea 1.7-3.9 60-300  availability of rig to drill relief well
Cook Inlet 0.075-0.125 50-80 Availability of rig to drill relief well

&  The GOM OCS region has estimated the discharge rate, volume of a spill, and the extent and duration for
a catastrophic spill event for both shallow and deep water (in part) based on information gathered and
estimates developed for the 1979 Ixtoc (1979) and the DWH (2010) oil spills. The Alaska OCS Region
has estimated a very large oil spill scenario based on a reasonable, maximum flow rate for each OCS
planning area, taking into consideration existing geologic conditions and information from well logs.

The number of days until a hypothetical blowout and discharge from a well could be contained was also
estimated. These are discharge volumes and do not account for decreases in volume from containment or
response operations.

rate) and time frame required for drilling a relief well. The time frame required for drilling a
relief well is principally governed by water and reservoir depth, timing of year, and availability
of drilling rigs.

Such a scenario is a low-probability, accidental event. Bercha (2008) has reported the
historical spill frequency for a spill greater than or equal to 150,000 bbl for GOM and North Sea
well drilling as 3.42 x 10-4 per well. Accounting for Arctic specific variables, Bercha calculated
a slightly smaller frequency of 3.94 x 10-4 per well for a spill greater than or equal to
150,000 bbl.

The principal risk factors that would affect drilling operations, containment, and response
in Gulf of Mexico and Arctic program areas are summarized below. Cook Inlet is not considered
further because of the relatively small size of the estimated catastrophic discharge event there
compared to other program areas.

4.3.4.3.2 Gulf of Mexico Risk Profile. Drilling operations in deep water came under
close scrutiny following the DWH event in April, 2010. A suspension on approving drilling
plans and permits in deep water was imposed by the Secretary in July 2010. The Secretary lifted
the suspension in October 2010 based on the implementation of new regulatory reforms to
improve OCS drilling safety and a better understanding of the root causes of the DWH event.
The safety of drilling in deepwater areas of the GOM remains an issue of concern, as witnessed
by comments received during scoping. As stated earlier, water depth by itself does not impose
risk; rather, it is the drilling technology and the relative inaccessibility of the well site on the
seafloor that imposes risk from deepwater operations. Figure 4.3.4-2 highlights risk factors that
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FIGURE 4.3.4-2 Principal Factors Affecting a Catastrophic Discharge Event in the Gulf of Mexico

apply to risks particular to deepwater wells (red text). The figure also highlights risk reduction
factors associated with drilling in deep water compared to drilling in shallow water (green text).

Loss of Well Control.

Geologic Properties. Deepwater geologic formations tend to have higher temperatures
and pressures than shallow water formations. In addition to varying oil properties, the
differences in pressure regimes may contribute to relatively greater discharge rates. In addition,
deepwater formations tend to hold larger volumes of hydrocarbons. The combination of the high
temperature and pressure regime and comparatively large reservoir volumes create conditions
that favor potentially catastrophic releases. When considering all OCS wells, the average
vertical drill depth for boreholes in shallow water (less than 201 m [660 ft]) is approximately
2,864 m (9,400 ft), compared to 4,115 m (13,500 ft) in waters deeper than 201 m (660 ft). The
drill depth required to reach target reservoirs requires more information about shallow and deep
geologic hazards to avoid engineering and well integrity challenges. The time required to
intervene using a relief well is also greater, because of the relative depth of the intervention zone.
Because of the steeper gradient of the continental slope where deepwater wells are often drilled,
compared to the gentler slope on the continental shelf, deepwater wells may be more subject to
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mass movement and other seafloor instabilities that, if unanticipated, may increase the risk of a
loss of well control incident. To avoid these complications, BOEM requires well shut-in prior to
the passage of hurricanes, which are the most frequent cause of large-scale seafloor movements.

Well Complexity, Technology Failure and Human Performance. More complex wells
and technology are often required in deepwater drilling to address the higher pressures and
temperatures and greater drilling depths that will be encountered. This places greater demands
on human and technology performance, especially where hydrostatic pressures are substantial
greater due to an average 762-m (2,500-ft) greater water depth. Furthermore, the inaccessibility
of the seafloor to humans at deepwater well sites means that the subsea BOP systems used at
deepwater drill sites are inaccessible to human maintenance, inspection, and intervention in the
event they are activated as a result of a loss of well control event. Deepwater drilling sites use
ROVs and other indirect methods of intervening in a loss of well control incident at the seafloor.

Containment and Response. The drilling of a relief well in deep water will likely take
longer than in shallow water because of the greater water depth, greater drill depth, and more
complex drilling conditions the relief well would encounter. Table 4.3.4-2 estimates that up to
90 days may be needed after the loss of well control event to drill the relief well and kill the wild
well. During that time, the success of containment and response at the well site would be a
critical factor governing whether sufficient oil is released into the environment to have
catastrophic consequences. Containment and response is expected to be more challenging in
areas with deeper water because of the greater distances from land support bases and staging
areas. Progress has been made in the GOM to develop effective containment and response
technology for deepwater conditions, including deep dispersant application.

Fate and Consequence. Should containment and response at the well site fail to prevent
discharge of oil into the ocean environment, response and oil recovery would continue as the oil
discharge spreads. Response operations could be more challenging to support in deeper water
because of the greater distances from shore bases, as well as the fact that the area of surfaced oil
would continue to increase as deepwater currents exported oil to the shelf.

Because deepwater wells are located at greater distances offshore than shallow wells,
high concentrations of oil are less likely to contact important ecological and human use coastal
resources. In addition, the risk of persistence of the oil in the environment would likely be less
in deepwater events because oil released there would be less likely to contact coastal wetland and
estuarine areas where it could become incorporated into wetland soils and persist for long
periods of time.

Summary. The principal risk that applies to deepwater drilling in the GOM occurs as a
result of drilling and containment/response risks associated with the use of drilling technologies
at these depths. As described below, BOEM has been aggressively pursuing regulatory changes
to address and mitigate risks associated with these deepwater drilling and containment issues. It
is not necessarily true that a deepwater, large volume spill would have more environmental
consequences than a smaller spill occurring in shallow water. Deepwater spills may, in part,
impose less risk on highly valued coastal areas because of their distance offshore, which allows
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for more natural weathering and dispersion. In comparison, shallow shelf spills may more
rapidly contact low-energy estuarine and wetland areas.

4.3.4.3.3 Arctic Risk Profile. An ongoing concern in the Arctic is the environmental
effects of a large oil spill on sensitive marine and coastal habitats that occur there within a land-
sea-ice biome that supports a traditional subsistence life style for Alaska native populations and
provides important habitats for migratory and local faunal populations. The ability to respond to
and contain a very large discharge event under the extreme climatic conditions and seasonal
presence of ice is of particular concern. Figure 4.3.4-3 highlights factors that apply to risks
particular to operations in the Arctic related to extreme cold and the presence of ice.

Loss of Well Control. While some formation properties of the Arctic OCS are expected
to have pressures, temperatures, and volumes sufficient to produce a discharge that could result
in catastrophic consequences (Table 4.3.4-2), drilling risks associated with these formation
characteristics are not directly related to issues of extreme cold and presence of ice. Instead, the
fact that the Arctic OCS is largely a frontier geologic province contributes risk to Arctic drilling
operations (USGS 2011).

Human error while working under extreme weather conditions on the Arctic OCS could
increase the risk of loss of well control in certain circumstances where established procedures are
not followed. However, when accounting for other Arctic specific variables, the incident rate of
loss of well control is expected to be lower than for exploration and development operations in
the GOM (Bercha et al. 2008).

To address some of the risk inherent in Arctic operations, the BOEM regulations include
specific requirements for conducting operations in the Arctic, such as locating the BOP in a well
cellar (a hole constructed in the sea bed) to position the top of the BOP below the maximum
potential ice gouge depth, using special cements in areas where permafrost is present, enclosing
or protecting equipment to assure it will function under subfreezing conditions, and developing
critical operations and curtailment procedures which detail the criteria and process through
which the drilling program would be stopped, the well shut in and secured and the drilling unit
moved off location before environmental conditions (such as ice) exceed the operating limits of
the drilling vessel.

Containment and Response. Much of risk from a catastrophic event that is particular to
the extreme climate of the Arctic is associated with containment and response issues at the well
site. The time needed to drill a relief well varies from 40 to 300 days depending on the timing of
the event relative to the ice free season, since the well site may become inaccessible when solid
or broken ice is present. During that time, the ability to mount effective containment and
response efforts under broken or solid ice conditions is a critical factor.

Fate and Consequence. Response away from the well site could also be hindered and/or

aided by broken and solid ice. In addition, some options available to manage fates of spills have
not been previously used in larger-scale operations the Arctic to fully evaluate their
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FIGURE 4.3.4-3 Principal Factors Affecting a Catastrophic Discharge Event in the Arctic

effectiveness, such as burning and dispersant use, although state-of-the art research on these
response techniques suggest they could decrease the volume of oil in the water (SINTEF 2010).

4.3.4.3.4 Recent Regulatory Reforms Implemented to Reduce Risk. In the event of a
spill, there is no single method of containment and response that would be 100% effective.
While recent enhancements in intervention, containment, and response should reduce spill
volume and mitigate certain environmental effects, the principal corrective action is still a relief
well, and drilling a relief well to kill a wild well takes time. This highlights the fundamental
importance of prevention. In response to the DWH event and in recognition that advances in
prevention were critical, BOEM overhauled the offshore regulatory process reforming, through
both prescriptive and performance-based regulation and guidance, as well as OCS safety and
environmental protection requirements. The reforms strengthen the requirements for all aspects
of OCS operations from well design to workplace safety to corporate accountability. The other
logical capability needing improvement is spill response. New measures and reforms adopted by
BOEM to strengthen safety, spill prevention, and spill response include the following:

« Dirilling Safety Rule, Interim Final Rule to Enhance Safety Measures for
Energy Development on the Outer Continental Shelf (Drilling Safety Rule);
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« Workplace Safety Rule, Safety and Environmental Management Systems
(SEMS Rule):

« NTL 2010-NO06, Information Requirements for Exploration Plans,
Development and Operations Coordination Documents on the OCS
(Plans NTL);

« NTL 2010-N10, Statement of Compliance with Applicable Regulations and
Evaluation of Information Demonstrating Adequate Spill Response and Well
Containment Resources (Certification NTL); and

» Enhanced inspection and enforcement procedures, including strengthened
training program.

Drilling Safety Rule. The prescriptive Drilling Safety Rule addresses well bore integrity
and well control equipment and procedures. The rule effectively implements many of the
recommendations made in the May 27, 2010, USDOI report Increased Safety Measures for
Energy Development on the Outer Continental Shelf (USDOI 2010). BOEMRE amended
drilling regulations related to subsea and surface blowout preventers, well casing and cementing,
secondary intervention, unplanned disconnects, recordkeeping, well completion, and well

plugging.

Well integrity provides the first line of defense against a blowout by preventing a loss of
well control. It includes the appropriate use of drilling fluids and the well bore casing and
cementing program. These are used to balance pressure in the borehole against the fluid pressure
of the formation, preventing an uncontrolled influx of fluid into the wellbore. Provisions in the
rule addressing well bore integrity include the following:

» Making mandatory American Petroleum Institute’s (API) standard, RP 65 —
Part 2, Isolating Potential Flow Zones During Well Construction (an industry
standard program);

» Requiring submittal of certification by a professional engineer that the casing
and cementing program is appropriate for the purposes for which it is intended
under expected wellbore pressure;

« Requiring two independent test barriers across each flow path during well
completion activities (certified by a professional engineer);

« Ensuring proper installation, sealing, and locking of the casing or liner;

» Requiring BOEM approval before replacing a heavier drilling fluid with a
lighter fluid; and

* Requiring enhanced deepwater well control training for rig personnel.
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Well control equipment is used to bring a well back under control in the event of a loss of
well control. Well control equipment includes the BOP and control systems that activate the
BOP, either through a control panel on the drilling rig or through ROVs that directly
interface with the BOP to activate appropriate rams. Provisions in the rule that focus on the
enhancement of well control equipment include the following:

« Submittal of documentation and schematics for all control systems;

* Requirements for independent third party verification that the blind-shear
rams are capable of cutting any drill pipe in the hole under maximum
anticipated surface pressure;

« Requirement for a subsea BOP stack equipped with ROV intervention
capability (at a minimum the ROV must be capable of closing one set of pipe
rams, closing one set of blind-shear rams, and unlatching the lower marine
riser package);

* Requirement for maintaining a ROV and having a trained ROV crew on each
floating drilling rig on a continuous basis;

» Requirement for auto shear and deadman systems for dynamically positioned
rigs;

» Establishment of minimum requirements for personnel authorized to operate
critical BOP equipment;

* Requirement for documentation of subsea BOP inspections and maintenance
according to APl RP 53, Recommended Practices for Blowout Prevention
Equipment Systems for Drilling Wells;

« Require testing of all ROV intervention functions on subsea BOP stack during
stump test and testing at least one set of rams in initial seafloor test;

« Require function testing auto shear and deadman systems on the subsea BOP
stack during the stump test and testing the deadman system during the initial
test on the seafloor; and

» Require pressure testing if any shear rams are used in an emergency.

A section-by-section summary of major regulatory changes is provided below.

Subsea ROV and Deadman Function Testing — Drilling. Previous regulations at
30 CFR 250.449(b) required a stump test of the subsea BOP system. In a stump test, the subsea
BOP system is placed on a simulated wellhead (the stump) on the rig floor. The BOP system is

tested on the stump to ensure that the BOP is functioning properly. The new regulatory section
at 30 CFR 250.449(j) requires that all ROV intervention functions on the subsea BOP stack must
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be tested during the stump test and one set of rams must be tested by an ROV on the seafloor.
Autoshear and deadman control systems activate during an accidental disconnect or loss of
power, respectively. The new regulatory section at 30 CFR 250.449(k) requires that the
autoshear and deadman systems be function-tested during the stump test, and the deadman
system tested during the initial test on the seafloor. The initial test on the seafloor is performed
as soon as the BOP is attached to the subsea wellhead. These new requirements will confirm that
a well will be secured in an emergency situation and prevent a possible loss of well control. The
ROV test requirement will ensure that the dedicated ROV has the capacity to close the BOP
functions on the seafloor. The deadman-switch test on the seafloor verifies that the wellbore
closes automatically if both hydraulic pressure and electrical communication are lost with the
drilling rig. These regulatory changes will not affect shallow wells or facilities since they do not
use subsea BOPs or ROVs.

Subsea ROV and Deadman Function Testing—Workover/Completions. Previous
regulations did not require subsea ROV function testing of the BOP during workover or well
completion operations. The new regulatory sections 30 CFR 250.516(d)(8) and 250.616(h)(1)
extend the requirements added to deepwater drilling operations (discussed in the previous
section) to well completion operations and workover operations using a subsea BOP stack.

Negative Pressure Tests. Previous regulation at 30 CFR 250.423 required a positive
pressure test for each string of casing, except for the drive or structural casing string. This test
confirms that fluid from the casing string is not flowing into the formation. The new regulatory
section at 30 CFR 250.423(c) requires that a negative pressure test be conducted for all
intermediate and production casing strings. This test will reveal whether gas or fluid from
outside the casing is flowing into the well and ensures that the casing and cement provide an
effective seal. Maintenance of pressure under both tests ensures proper casing installation and
the integrity of the casing and cement.

Installation of Dual Mechanical Barriers. Previous regulations did not require the
installation of dual mechanical barriers. The new regulatory section at 30 CFR 250.420(b)(3)
requires the operator install dual mechanical barriers in addition to cement barriers for the final
casing string. These barriers prevent hydrocarbon flow in the event of cement failure at the
bottom of the well. The operator must document the installation of the dual mechanical barriers
and submit this documentation to BOEM within 30 days after installation. These new
requirements will ensure that the best casing and cementing design will be used for a specific
well.

Professional Engineer Certification for Well Design. Previous regulations at 30 CFR
250.420(a) specified well casing and cementing requirements, but did not require verification by
a registered professional engineer. The new regulatory section at 30 CFR 250.420(a)(6) requires
that well casing and cementing specifications must be certified by a registered professional
engineer. The registered professional engineer will verify that the well casing and cementing
design is appropriate for the purpose for which it is intended under expected wellbore conditions.

Emergency Cost of Activated Shear Rams. Previous regulations did not address BOP
inspection following use of the blind-shear ram or casing shear ram. The new regulatory section
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at 30 CFR 250.451(i) requires that, if a blind-shear ram or casing shear ram is activated in a well
control situation where the pipe is sheared, the BOP stack must be retrieved, fully inspected, and
tested. This provision will ensure the integrity of the BOP and that the BOP will still function
and hold pressure after the event.

Third Party Shearing Verification. Regulation 30 CFR 250.416(e) requires information
verifying that BOP blind-shear rams are capable of cutting through any drill pipe in the hole
under maximum anticipated conditions. This regulation has been modified to require the BOP
verification be conducted by an independent third party. The independent third party provides an
objective assessment that the blind-shear rams can shear any drill pipe in the hole if the shear
rams are functioning properly.

Workplace Safety Rule. The BOEMRE promulgated the performance-based SEMS rule
on October 15, 2010, requiring full implementation for all OCS facilities and operators no later
than November 15, 2011. The SEMS Rule establishes a holistic, performance-based
management tool in which offshore operators are required to establish and implement programs
and systems to identify potential safety and environmental hazards when they drill, clear
protocols for addressing those hazards, and strong procedures and risk-reduction strategies for all
phases of activity, from well design and construction to operation, maintenance, and
decommissioning. It also requires operators to have a comprehensive safety and environmental
impact program designed to reduce human and organizational errors. SEMS applies to all OCS
oil and gas operations and facilities under BOEM and BSEE jurisdiction including drilling,
production, construction, well workover, well completion, well servicing, and DOI pipeline
activities. SEMS also applies to all OCS oil and gas operations on new and existing facilities
under BOEM and BSEE jurisdiction including design, construction, start-up, operation,
inspection, and maintenance. The performance-based SEMS rule helps to define clear roles and
responsibilities, in which BOEM define the performance goals while the operator is responsible
to ensure that these goals are met. Operators do not rely on the authorities to ensure safety.
Empowering industry to develop the framework specific to improve safety and environmental
performance of facilities and operations and holding them responsible to that greater standard
should eliminate the most frequent causes of historic incidents that have occurred during OCS
activities. Training and auditing are an integral part of the SEMS rule to ensure contractors and
subcontractors have robust policies and procedures in place.

The SEMS Rule is based on API RP 75, which was previously a voluntary program to
identify, address, and manage safety hazards and environmental impacts in oil and gas
operations. The 13 elements of API RP 75 that 30 CFR 250 Subpart S now make mandatory
include:

« Defining the general provisions for implementation, planning and
management review, and approval of the SEMS program;

+ Identifying safety and environmental information needed for any facility such

as design data, facility process such as flow diagrams, and mechanical
components such as piping and instrument diagrams;
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» Requiring a facility-level hazard risk assessment;

» Addressing any facility or operational changes including management
changes, shift changes, contractor changes;

» Evaluating operations and written procedures;

» Specifying safe work practices, manuals, standards, and rules of conduct;

« Training, safe work practices, and technical training, including contractors;

+ Defining preventive maintenance programs and quality control requirements
* Requiring a pre-startup review of all systems;

« Responding to and controlling emergencies, evacuation planning, and oil-spill
« Contingency plans in place and validated by drills;

» Investigating incidents, procedures, corrective action, and follow-up;

« Requiring audits every 4 yr, to an initial 2-yr reevaluation and then subsequent
3-yr audit intervals; and

« Specifying records and documentation that describes all elements of the
SEMS program.

Implementation of SEMS requires periodic lessee or independent third party
comprehensive audits of the 13 elements defined in APl RP 75 and included above. BSEE may
participate in lessee or independent third party audits and may also conduct independent audits.
BSEE-conducted audits may be announced or unannounced. Any deficiencies found in SEMS
audits must be addressed in a corrective action plan (CAP) and must be submitted to BSEE
within 30 days of submittal of the audit report. If BSEE determines that an operator’s SEMS
program is not in compliance, BSEE may issue an incidence of non-compliance (INC), assess
civil penalties, or initiate probationary or disqualification procedures from serving as an OCS
operator. The required SEMS plan and audits are designed to improve, enhance, communicate
and document the identification and mitigation of safety and environmental hazards for offshore
facilities and activities resulting in safer and environmentally sound working conditions through
teamwork, training and communication among all parties for all activities on the OCS.

One of the most important elements that fosters improved industry-wide risk
management is the facility-level hazard analysis. The purpose of the analysis is to identify,
evaluate, and reduce the likelihood and/or minimize the consequences of uncontrolled releases of
oil and gas and other safety or environmental incidents. APl RP 14 C, Recommended Practice
for Analysis, Design, Installation, and Testing of Basic Surface Safety Systems for Offshore
Production Platforms and APl RP 14J, Recommended Practice for Design and Hazards Analysis
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for Offshore Production Facilities, identify accepted practices. In addition, this element requires
a job hazard analysis (operations/task level) be performed to identify and evaluate hazards of a
job/task for the purpose of hazards control or elimination.

Information Requirements for Exploration Plans, Development and Production Plans,
and Development Operations Coordination Documents on the OCS (Plans NTL). The Plans
NTL, effective June 18, 2010, set new standards regarding the content of information needed in
exploration and development plan submittals to describe a blowout and worse-case discharge
scenario. This NTL explains the procedures for the lessee or operator to submit supplemental
information for new or previously submitted Exploration Plans (EP) or Development and
Production Plans (DPP). The required supplemental information includes the following: (1) a
description of the blowout scenario as required by 30 CFR 250.213(g) and 250.243(h); (2) a
description of their assumptions and calculations used in determining the volume of the worst-
case discharge required by 30 CFR 250.219(a)(2)(iv) or 30 CFR 250.250(a)(2)(iv) and (3) a
description of the measures proposed that would enhance the ability to prevent a blowout, to
reduce the likelihood of a blowout, and to conduct effective and early intervention in the event of
a blowout, including the arrangements for drilling relief wells and any other measures proposed.
The early intervention methods of the third requirement could include the surface and subsea
containment resources that BOEMRE announced in NTL2010-N10 (Certification NTL).

Statement of Compliance with Applicable Regulations and Evaluation of Information
Demonstrating Adequate Spill Response and Well Containment Resources (Certification
NTL). The Certification NTL, effective on November 8, 2010, requires lessees and operators
using subsea or surface BOPs on floating facilities (i.e., deepwater) to provide a statement
verifying compliance with new well containment and oil spill response requirements prior to
being granted a Permit to Drill/Modify (APD/APM). Specifically, the statement, signed by an
authorized company official, indicates that authorized activities will be in compliance with all
applicable regulations, including the requirements of the Drilling Safety Rule.

The NTL also informs lessees that BOEM will be evaluating whether or not each
operator has submitted adequate information demonstrating that it has access to and can deploy
surface and subsea containment resources to promptly respond to a blowout or other loss of well
control. Although the NTL does not provide that operators submit revised OSRPs that include
this containment information at this time, operators were notified of BOEM’s intention to
evaluate the adequacy of each operator to comply in the operator’s current OSRP; therefore,
there is an incentive for voluntary compliance.

The benefits of the new requirements include the following:

« Improving the response time for offshore vessels to remove damaged
equipment and install a capping stack;

* Reducing the amount of time a well flows into the sea compared with
previous well blowouts;
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« Providing more robust well designs relative to expected pressures and fluids
in the well to fully contain the well after installation of the capping stack;

» Determining the well’s potential to broach to the seafloor if the well design
fails under the shut-in pressure with installed capping stack, and

« Determining the surface vessels configuration and containment capacities if
the well has to flow to the surface for processing and capture.

In the event of a well blowout, OCS operators must demonstrate the capability to remove
damaged well equipment and install a capping stack (with a pressure rating higher than the
calculated mud line shut-in pressure) to stop the uncontrolled flow of oil from the well. If the
well design fails under the shut-in pressure, the operator must demonstrate the capability to flow
and process the oil and gas from the well into surface containment vessels. Although not
explicitly stated in the Certification NTL notice, BOEM requires operators to demonstrate that
the well design is adequate to contain an uncontrolled flow. BOEM uses a Level 1 Well
Containment Screening Tool (WCST) for all initial reviews prior to APD approval. The Level 1
WCST is useful for wells that can be fully shut-in without causing underground flow, using very
conservative assumptions and simple calculations (no requirement for computer simulations).
However, not all wells can pass a Level 1 screening successfully due to high pressure and/or
light formation fluids expected in the well. The Level 2 WCST Analysis uses field/offset data
and more advanced calculations to demonstrate equipment and well integrity. The Level 2
WCST Analysis also identifies failure points and possible loss zones which must be addressed in
a consequence analysis. The WCST developed by BOEM and offshore operators working
together on the design of the containment approval process under oil spill response has resulted
in more robust well designs that reduce the risk of prolonged well flow into the sea and increase
the chance of successfully capping and stopping the flow of oil in less than 15 to 30 days.

On December 13, 2010, BOEMRE issued additional guidance to encourage operators to
voluntarily include additional subsea containment information in their OSRPs. The guidance
indicates that BOEM will review OSRPs, in support of plan submittals, for the following specific
information relating to subsea containment (in addition to that listed in the Certification NTL):

« Source abatement through direct intervention;

» Relief wells;

« Debris removal; and

« If a capping stack is the single containment option offered, the operator must
provide

 the reasons that the well design is sufficient to allow shut-in without broach to
the

» seafloor.

Environmental Consequences 4-97



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

Enhanced Inspection and Enforcement Procedures, Including Strengthened Training
Program. As of October 1, 2011 the new BSEE is responsible for enforcement of safety and
environmental regulations. BSEE undertakes both annual scheduled inspections and periodic
unscheduled (unannounced) inspections of oil and gas operations on the OCS. The inspections
are to assure compliance with all regulatory constraints that allowed commencement of the
operation. The annual inspection examines all safety equipment designed to prevent blowouts,
fires, spills, or other major accidents. These annual inspections involve the inspection for
installation and performance of all facilities’ safety-system components. The primary objective
of an initial inspection is to assure proper installation and functionality of their safety and
pollution prevention equipment. After operations begin, additional announced and unannounced
inspections are conducted. Unannounced inspections are conducted to foster a climate of safe
operations, to maintain a BSEE presence, and to focus on operators with a poor performance
record. These inspections are also conducted after a critical safety feature has previously been
found defective. Poor performance generally means that more frequent, unannounced
inspections may be conducted on a violator’s operation. The inspectors follow the guidelines as
established by the regulations, APl RP 14C, and the specific BOEM-approved plan. The BSEE
inspectors perform these inspections using a national checklist called the PINC list. This listis a
compilation of yes/no questions derived from all regulated safety and environmental
requirements.

BSEE administers an active civil penalties program (30 CFR 250 Subpart N). A civil
penalty in the form of substantial monetary fines may be issued against any operator that
commits a violation that may constitute a threat of serious, irreparable, or immediate harm or
damage to life, property, or the environment. BSEE may make recommendations for criminal
penalties if a willful violation occurs. In addition, the regulation at 30 CFR 250.173(a)
authorizes suspension of any operation if the lessee has failed to comply with a provision of any
applicable law, regulation, or order or provision of a lease or permit. Furthermore, the Secretary
may invoke his authority under 30 CFR 250.185(c) to cancel a nonproductive lease with no
compensation. Exploration and development activities may be canceled under 30 CFR 250.182
and 250.183.

Predecessor bureaus to BSEE established a robust training program for inspectors to
ensure that personnel involved in installing, inspecting, testing, and maintaining safety devices
are qualified. As a preventive measure, all offshore personnel must be trained to operate oil-spill
cleanup equipment, or the lessee must retain a trained contractor(s) to operate the equipment for
them. BSEE offers numerous technical seminars to ensure that personnel are capable of
performing their duties and are incorporating the most up-to-date safety procedures and
technology in the petroleum industry. In 1994, the Office of Safety Management created this
Agency’s Offshore Training Institute to develop and implement an inspector training program.
The Institute introduced state-of-the-art multimedia training to the inspector work force and has
produced a series of interactive computer training modules. As of June 2011, BOEMRE
established the National Offshore Training Center, thereby developing the agency’s first formal
training curriculum, which has been piloted with new inspectors. Twenty-four additional courses
will be developed covering specific areas of offshore inspections.
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Following the DWH oil spill, BSEE now requires multiple-person inspection teams for
offshore oil and gas inspections. This internal process will improve oversight and help ensure
that offshore operations proceed safely and responsibly. The new process will allow teams to
inspect multiple operations simultaneously and thoroughly, and enhance the quality of
inspections on larger facilities. In addition, BSEE engineers and inspectors now fly offshore to
witness required testing of all ROV intervention functions on the subsea BOP stack during the
stump test (on the rig floor at surface) and testing at least one set of rams during the initial test on
the seafloor, and required function testing of autoshear and deadman systems on the subsea BOP
stack during the stump test and testing the deadman system during the initial test on the seafloor.
These reviews and inspections of the BOP systems and maintenance provide additional oversight
by BSEE to reduce the risk of an uncontrolled blowout by ensuring that BOP systems are
maintained and functional in the event of a well control event.

Relevance to Risk Reduction in Drilling Operations (including deep water). In the
aftermath of the DWH Event, President Obama directed the Secretary of the Interior to identify
new precautions, technologies, and procedures needed to improve the safety of oil and gas
development on the OCS. At the same time, the Secretary directed BOEMRE to exercise its
authority under the OCSLA to suspend certain drilling activities so that the bureau could
(1) ensure that drilling operations similar to those that lead to the DWH oil spill could operate in
a safe manner when drilling resumed, (2) ensure extensive spill response resources directed
toward the spill would be available for other spill events, and (3) provide adequate time to obtain
input enhance intervention and containment capability and promulgate regulations that address
issues described in the Safety Measures Report (USDOI 2010).

BOEMRE collected a large amount of information through public hearings and other
meetings held specifically on the DWH oil spill and through public comments on rulemaking
efforts. The information collection, review, and analysis efforts resulted in new regulations,
planned Notices to Lessees and Operators (NTLs), and BOEM/BSEE procedures that address
drilling safety, oil-spill response, and enhanced inspection procedures. New exploration plans,
applications for permits to drill, and OSRP plans are be subject to higher engineering and
environmental review standards. In addition, the oil and gas industry has cooperatively formed
Joint Industry Task Forces in subsea well control and containment and oil spill preparedness and
response. While Joint Industry Task Force recommendations will not have the force of
regulation, the recommendations may provide the basis for enhanced industry standards or future
rulemaking processes. Similarly, the Secretary of the Interior established the Ocean Energy
Safety Advisory Committee to facilitate the development of new regulations, collaborative
research and development, advanced training, and implementation of best practices in drilling
safety, well intervention and containment, and oil spill response.

The DWH event demonstrated that advances in drilling, safety, and spill response did not
keep pace with increasingly complex operations, and evidenced the need to strengthen oversight
of offshore drilling operations by raising the standards for drilling and workplace safety, spill
containment, and spill response. The measures described above create a more robust regulatory
system that strikes the right balance to ensure that energy development is conducted safely and in
an environmentally responsible manner, while also being more efficient, transparent and
responsive.
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4.4 ENVIRONMENTAL IMPACTS OF ALTERNATIVE 1 - PROPOSED ACTION

4.4.1 Exploration and Development Scenario

4.4.1.1 Gulf of Mexico

Oil and gas leasing and development have been occurring in the GOM for over 50 years.
There are a total of 29,097 lease blocks (each approximately 23 km?2 [3 mi x 3 mi]) and a total of
3,280 active platforms in the Western, Central, and Eastern GOM OCS Planning Areas.
Predictable patterns of activity have become established for the planning areas, and these were
used to estimate future activity within the GOM OCS Region Planning Areas that could occur
under this scenario (Table 4.4.1-1). This scenario of future development and activity was
generated using best professional judgment for the purpose of analysis only and does not
constitute official forecasts or policy recommendations.

The scenario information in Table 4.4.1-1 is initially assumed to have the potential to
occur anywhere within the areas of the GOM Planning Areas included in the proposed action
(Figure 4.4.1-1).

In the analysis of potential environmental impacts associated with the leasing program,
additional assumptions are used to identify potential oil and gas development activity levels to
more specific marine and coastal areas under consideration in a particular analysis. The GOM
OCS may be divided into continental shelf and slope regions, and this distinction is important to
both the occurrence of oil and gas within the GOM hydrocarbon basin and to ecosystem
characteristics and processes within the GOM Large Marine Ecosystem. Assumed levels of oil
and gas infrastructure and production that would occur on the continental slope and shelf are
shown in Table 4.4.1-2. This information suggests that while the amounts of well drilling and
gas production will be approximately the same on the shelf as on slope (51% versus 49%,
respectively), most new platforms will be installed in shallow water (in depths <200 m [<660 ft])
on the continental shelf. In contrast, most oil production (93%) will occur in deeper water (at
depths >200 m [>660 ft]) on the continental slope.

This assumed difference by depth of infrastructure development and oil and gas
production suggests similar differences in the resources that could be affected by normal
exploration and development (E&D) activities on the OCS. For example, 87% of all new
platform development is assumed to occur in waters of the inner continental shelf at depths of
60 m (about 200 ft) or less (Table 4.4.1-2). Thus, resources occurring in these shallower areas
may be expected to be more likely to encounter, and be affected by, normal well development
and operation than would resources restricted to deeper areas of the OCS.

Environmental Consequences 4-100



N -

November 2011

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
BOEM
TABLE 4.4.1-1 Proposed Action (Alternative 1) —
Exploration and Development Scenario for the GOM
Scenario Element Gulf of Mexico
Number of sales 12
Years of activity 40-50
Potentially available oil (Bbbl)2 2.7-54
Potentially available natural gas (tcf) 12-24
Platforms 200450
FPSOsP 0-2
No. of exploration and delineation wells 1,000-2,100
No. of development and production wells ~ 1,300-2,600
Miles of new pipeline 2,400-7,500
Vessel trips/week 300-600
Helicopter trips/week 2,000-5,500
New pipeline landfalls 0—<12
New pipe yards 4-6
New natural gas processing facilities 0-12
Platforms removed with explosives 150-275
Drill Muds/Well (tons)
Exploration and delineation wells 1,000
Development and production wells 1,000
Drill Cuttings/Well (tons)
Exploration and delineation wells 1,200
Development and production wells 1,200
Produced Water/Well/yr (tbbl)¢
Oil well 130
(highly variable)
Natural gas well 35
(highly variable)
Bottom Area Disturbed (ha)
Platforms 150-2,500
Pipeline 2,000-11,500
a  Bbbl = billion barrels.
b Floating production, storage, and offloading systems.
¢ Based on 1.04 bbl produced water/bbl of oil, and 86 bbl
produced water/1 million cf gas (Clark and Veil 2009);
tbbl = thousand barrels.
d Assumes 0.67 ha (1.6 ac) per platform and 0.8-1.6 ha
(2.0-4.0 ac) per mile of pipeline.
4-101
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TABLE 4.4.1-2 Depth Distribution of New Infrastructure and Expected Natural Gas and QOil
Production on the GOM OCS

% of New

% of New % of New Gas % of New Qil
Wells Platforms Production Production

OCs OCs OCs OCs OCs

OCS Depth  OCS  Sub- OCS Sub- OCS  Sub- OCS  Sub- OCS  Sub-

Zone (m) Area area  Area area Area  area Area  area Area  area
0-60 Shelf  Inner 52 37 95 87 51 37 7 5
60-200 Outer 15 8 14 2
200-800 Slope  Upper 48 12 5 2 49 7 93 12
800-1,600 Mid 20 2 22 44
1,600-2,400 -a - - -
>2,400 Lower 16 1 20 37

& No wells, platforms, or production are expected for this depth range.

4.4.1.2 Alaska — Cook Inlet

The Cook Inlet has had oil and gas operations in State waters since the late 1950s and
currently possesses a well-established oil and gas infrastructure. There has been no oil and gas
activity in the Cook Inlet Planning Area. A single sale in Cook Inlet is included in the proposed
action as a special interest sale, meaning that the planning process for the sale will not start until
industry expresses an interest in holding the sale. The most recent OCS lease sale in Cook Inlet
was in 2004 when no leases were purchased. The most recent sale in which OCS leases were
purchased occurred in 1997 when two leases were purchased.

Table 4.4.1-3 summarizes the assumed levels of exploration and development that could
occur under the proposed action (Alternative 1). Oil and gas development that could occur in the
Cook Inlet OCS Planning Area under the proposed action is expected to use both new and
existing infrastructure. Exploration drilling would employ fixed rigs (such as jack-up and mobile
gravity-base rigs) in water depths up to 150 ft (46 m) and floating rigs (semisubmersible rigs,
drill ships, or barges) in deeper water areas. Production wells will most likely use fixed
platforms with subsea well tie-backs to supplement on-platform wells. New subsea pipelines
would connect offshore installations to existing onshore facilities. Oil and gas would be carried
by new onshore pipelines over relatively short distances to existing oil refineries in Nikishi and
natural gas transmission facilities in the Kenali area, respectively.
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TABLE 4.4.1-3 Proposed Action (Alternative 1) — Exploration and
Development Scenario for Cook Inlet

Scenario Element Cook Inlet
Number of sales 1
Years of activity 40
Oil production (Bbbl)2 0.1-0.2
Natural gas production (tcf)?2 0-0.7
Platforms 1-3
No. of exploration and delineation wells 4-12
No. of development and production wells ~ 42-114
Miles of new offshore pipeline 25-150
Miles of new onshore pipeline? 50-105

Vessel trips/week 1-3
Helicopter trips/week -3
New pipeline landfalls -1
New shore bases

New processing facilities

New waste disposal facilities
Platforms removed with explosives

OO OO OoOr

Drill Fluids/Well (bbl)

Exploration and delineation wells
Development and production wells

Drill Cuttings (dry rock)/Well (tons)
Exploration and delineation wells
Development and production wells

Bottom Area Disturbed (ha)
Platforms (1.5 ha/platform)

500 — discharged at well site.

All treated and disposed of in the well.

600 — discharged at well site.
All treated and disposed in the well.

1.5-4.5

Pipeline (1.4 ha/mile) 35-210

a  Bbbl = billion barrels; tcf = trillion cubic feet.

b New onshore pipelines would deliver oil to existing refineries in Nikiski and
natural gas to transmission facilities in the Kenai area.

4.4.1.3 Alaska — Arctic

In contrast to oil and gas development in the GOM OCS, and with the exception of a
single production site (Northstar) that has an actual surface location in Alaskan State waters,
there has been no development activity from a structure in Arctic OCS areas. Since 1979, ten
lease sales have been held in the Beaufort Sea Planning Area and three in the Chukchi Sea
Planning Area (http://www.alaska.boemre.gov/lease/hlease/LeasingTables/lease_sales.pdf). The
2008 Lease Sale 193 for the Chukchi Sea Planning Area (MMS 2007a) is of note because of the
high industry interest expressed through the acquisition of 487 leases and the more than
$2.7 billion received by the government in high bids. No activity has resulted from this lease
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sale because of litigation that remains unresolved at the time this draft PEIS is being written.
The scenario put forth for the Arctic in the 20122017 program in Table 4.4.1-4, however,
assumes that the exploration and development activities anticipated as a result of Sale 193 will
have occurred prior to the beginning of the development and production activities listed in the
table. In particular, the scenario was developed using the assumptions that the discovery and
development of a 1-Bbbl oil field has already occurred, a pipeline has been installed from the
OCS production area in the Chukchi Sea to Point Belcher near Wainwright, Alaska, and support
base facilities have been constructed there as well. As a result of these assumptions, the scenario
in Table 4.4.1-4 includes no new pipeline landfalls or support bases, since these would have
already been constructed as a result of Sale 193 (BOEMRE 2011n). Also, oil discoveries less
than 1 Bbbl were assumed not to be economically feasible in the Program, because an initial
larger field needed to justify the construction of a pipeline to shore and coastal service facilities.
It is assumed that development as a result of lease sales under the Proposed Action Alternative
would utilize existing infrastructure, and that fields smaller than 1.0 Bbbl could be produced.

The draft PEIS assumes that the most likely locations for oil and gas activities in the
Arctic OCS will be in the areas that have been already leased in recent sales. While activities
within the entire Chukchi and Beaufort Sea Planning Areas will be considered in the analyses
that follow, the analyses assume that the most likely locations for exploration and development
activities will occur in the areas shown in Figure 4.4.1-2. It is assumed that these areas reflect
industry’s current assessment of the best hydrocarbon prospects through its large investments in
acquiring the leases. It is reasonable to assume that industry will explore and develop these areas
before moving into other areas currently considered less promising.

In the Beaufort Sea Planning Area, exploration is assumed to use artificial gravel islands
or extended-reach drilling in shallow waters (<6 m [20 ft]), mobile platforms in mid-depths (6—
18 m [20-60 ft]), and drill ships in deeper areas of the shelf. Because of severe winter ice pack
conditions, it is assumed that development would be limited to the shelf and to depths less than
91 m (300 ft) and platform installation would occur only in the summer (open water) season.
Production operations will use gravity-base platforms or gravel islands in shallow water (<12 m
[40 ft]) and larger gravity-base platforms in deeper waters (up to 91 m [300 ft]). Oil produced at
the platforms will be delivered via trenched subsea pipelines to existing onshore facilities.

In the Chukchi Sea Planning Area, with its greater water depths (>30 m [100 ft]) and
more remote location, exploration drilling is expected to employ drill ships. As in the Beaufort
Sea, concerns regarding severe winter ice conditions will also limit exploration and development
to the shelf and depths <91 m (300 ft) and only in the summer (open water) season. Production
operations will use large gravity-base structures with trenched subsea pipelines to transport the
oil to landfalls.

In both areas, elevated onshore pipelines will convey the oil and gas from the landfall
facilities to production facilities at Prudhoe Bay for ultimate entry to the Trans-Alaska Pipeline
System (TAPS). Based on the assumption that a natural gas pipeline connecting the North Slope
with the lower 48 States will be in place and operational by 2020, natural gas from the Chukchi
and Beaufort Seas may be transported by new and existing aboveground pipelines for entry into
such a pipeline (assuming capacity is available in the 2030-2035 time frame).
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Scenario for Arctic Alaska
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Scenario Element Beaufort Sea Chukchi Sea
Number of sales 1 1
Years of activity 50 50
Oil production (Bbbl)2 0.2-0.4 0.5-2.1
Natural gas production (tcf)P 0-2.2 0-8.0
Platforms 1-4 1-5
No. of exploration wells 6-16 6-20
No. of production wells 40-120 60-280
No. of subsea production wells 10 18-82
Miles of new offshore pipeline 30-155 25-250
Miles of new onshore pipeline 10-80 0
Vessel trips/week 1-12 1-15
Helicopter trips/week 1-12 1-15
New pipeline landfalls 0 0
New shore bases 0 0

Drill Fluids/Well (bbl)
Exploration and delineation wells
Development and production wells

Drill Cuttings (dry rock)/Well (tons)
Exploration and delineation wells
Development and production wells

Bottom Area Disturbed
Platforms (1.5 ha/platform)
Pipeline (1.4 ha/mile)

Surface Soil Disturbed
Pipeline®

500 — discharged at well site
All treated and disposed of
in the well.

600 — discharged at well site
All treated and disposed in
the well.

1.5-6.0

42-217

73-584

500 — discharged at well site
All treated and disposed of
in the well.

600 — discharged at well site
All treated and disposed in
the well.

1.5-75
35-350

a  Bbbl = billion barrels.

b Assumes that a natural gas pipeline from the North Slope will be operating by 2020 and have
capacity for new supplies in 2030-2035; tcf = trillion cubic feet.

¢ Assumes 46 m (150 ft) wide construction ROW; 7.3 ha (18 ac)/mi.

4.4.2 Accidental Spill Scenario

Oil spills are unplanned accidental events. Depending on the phase of O&G development

and the location, magnitude, and duration of a spill, natural resources that may be affected
include marine mammals, marine and coastal birds, sea turtles, fish, benthic and pelagic

invertebrates, water quality, marine and coastal habitats, and areas of special concern (such as

marine parks and protected areas). Spills may also affect a variety of socioeconomic condi
such as local employment, commercial and recreational fisheries, tourism, and subsistence.
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this draft PEIS, assumptions have been made about the occurrence and location of small and
large oil spills associated with the Program. Table 4.4.2-1 presents the assumptions for the
GOM, the Beaufort and Chukchi Seas, and Cook Inlet. The draft PEIS also considers the
potential impacts of a very large but low probability catastrophic discharge events (CDE), and
the assumptions for such events are presented in Table 4.4.2-2.

The source and number of assumed accidental spills were based on the volume of
anticipated oil production in each area, the assumed mode of transportation (pipeline and/or
tanker), and the spill rates for large spills. It is also assumed that these spills would occur with
uniform frequency over the life of the proposed action. Platform spills are assumed to occur in
areas proposed for lease consideration. Pipeline spills are assumed to occur between the
proposed lease areas and existing infrastructure. Tanker and barge spills are assumed to occur
along the tanker and barge routes from the lease areas to shore facilities.

Spills from tankers carrying oil produced in the Beaufort and Chukchi Sea Planning
Areas are assumed to occur outside of those planning areas. It is assumed that oil produced in
the Beaufort and Chukchi Sea Planning Areas would be delivered by offshore and onshore pipe
to TAPS, with subsequent delivery to the Valdez terminal facilities followed by tanker transport
to West Coast ports. Some tankering could also occur in the GOM to transport oil from floating
production, storage, and offloading (FPSO) facilities expected to operate in areas of the GOM
distant from existing pipelines.

4.4.2.1 Spill Size Assumptions

Spill size will vary greatly depending on the amount of oil released over a period of time
as a result of a single accidental event. For this draft PEIS, hypothetical spill sizes were
developed using OCS and U.S. tanker spill databases. The sizes of the assumed spills for each
spill type (platform, pipeline, tanker, or barge) are approximately equal to the median spill sizes
of historical spills for each spill type. Three categories of spill sizes are considered: small, large,
and catastrophic.

Small Spills. Analysis of historical data from the GOM, Pacific, and Alaska OCS
regions (Anderson, in preparation; MMS 2007b, 2008a). Examination of these data shows that
most offshore oil spills have been <1 bbl, accounting for approximately 95% of all OCS spills,
yet only less than 5% of the total volume of oil spills on the OCS (Anderson, in preparation;
Anderson and LaBelle 2000). Most of the total volume of OCS oil spilled (95%) has been from
spills >10 bbl. Between 1971 and 2009, 41,514 exploratory and development/production
operation wells were drilled on the OCS, and almost 16 billion bbl (Bbbl) of oil was produced.
During this period, there were 249 well control incidents during exploratory and
development/production operations on the OCS. These incidents were associated with
exploratory and development drilling, completion, workover, and production operations. Of
these well control incidents, 50 resulted in releases of crude oil ranging from <1 bbl to 450 bbl.
In 2010, there were 4 additional well control events. The loss of well control, explosion, and fire
on the DWH MODU resulted in the release of an estimated 4.9 million bbl of crude oil until the
well was capped on July 15, 2010.
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TABLE 4.4.2-1 Oil Spill Assumptions for the Proposed Action (Alternative 1)
Number of Spill Events?
Gulf of Mexico
Region Arctic Region
Western, South Alaska
Central, Beaufort and Region
Assumed and Eastern Chukchi
Scenario Elements Spill Volume  Planning Areas Planning Areas Cook Inlet
Oil Production (Bbbl)? 2.7-5.4 0.7-2.5 0.1-0.2
Large (bbl) >1,000
pipeline 1,700C 2-5 1-2 1 spill from
platform 5,100d 1-2 1 either
tanker 3,100-5,800¢ 1
Small (bbl)f >50 to <1,000 35-70 10-35 1-3
>1 bblto <50 200-400 50-190 7-15

& The assumed number of spills are estimated using the 1996-2010 spill rates in Anderson (in preparation).
For the Alaska OCS region, the 19962010 spill rates were compared to fault-tree rates in Bercha Group Inc
(20084, b, 2006). The greater number of spills from Anderson (in preparation) is represented here.

b Bbbl = billion barrels.

¢ During the last 15 years (1996-2010), 7 oil spills >1,000 bbl occurred from U.S. OCS pipelines. The
median spill size was 1,720 bbl. The maximum spill size between 1996 and 2010 from U.S. OCS pipelines
was 8,212 bbl.

d During the last 15 years (1996-2010), 2 oil spills >1,000 bbl occurred from U.S. OCS platforms. During
Hurricane Rita, one platform and two jack-up rigs were destroyed, and a combined total of 5,066 bbl was
spilled. The median spill size, when not accounting for a decreasing trend in the rate of platform spills, over
1964-2010, is 7,000 bbl.

€ 3,100 bbl for tankers in the GOM; 5,800 bbl for TAPS tankers transporting Alaska OCS oil.

f The number of spills <1000 bbl is estimated using the total spill rate for both pipeline and platform spills.

On the basis of the historical OCS spill data, for this draft PEIS small spills are
considered to be <1,000 bbl in volume (Table 4.4.2-1). Small spills are further divided into two
groups: small spills <50 bbl and small spills >50 bbl but <1,000 bbl (Table 4.4.2-1).

Large Spills. The spill-size assumptions used for large spills are based on the reported
spills from production in the GOM and Pacific OCS and what is anticipated as likely to occur
(Anderson, in preparation; MMS 2007b, 2008a; Anderson and LaBelle 2000); there have been
no large oil spills in the Alaska OCS region. For this PEIS, a large spill is considered to be
>1,000 bbl. Between 1964 and 1999, there were 11 platform spills and 16 pipeline spills
>1,000 bbl on the OCS (Anderson and LaBelle 2000). Between 2000 and 2010, there were
2 platform spills and 4 pipeline spills >1,000 bbl (Anderson, in preparation). The median sizes
of these large spills from pipelines and platforms for 1964-2010 are 4,550 and 7,000 bbl,
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TABLE 4.4.2-2 Catastrophic Discharge Event Assumptions?2

Volume Duration
Program Area (million bbl) (days) Factors Affecting Duration
Gulf of Mexico 0.9-7.2 30-90 Water depth
Arctic
Chukchi Sea 1.4-2.2 40-75 Timing relative to ice-free season and/or
Beaufort Sea 1.7-3.9 60-300 availability of rig to drill relief well
Cook Inlet 0.075-0.125  50-80 Availability of rig to drill relief well

& The Gulf of Mexico OCS region has estimated the discharge rate, volume of a spill, and
the extent and duration for a catastrophic spill event for both shallow and deep water
(in part) based on information gathered and estimates developed for the Ixtoc (1979)
and the Deepwater Horizon (2010) oil spills. The Alaska OCS region has estimated a
very large oil spill scenario based on a reasonable, maximum flow rate for each OCS
Planning Area, taking into consideration existing geologic conditions and information
from well logs. The number of days until a hypothetical blowout and discharge from a
well could be contained was also estimated. These are discharge volumes and do not
account for decreases in volume from containment or response operations.

respectively (Anderson, in preparation). The median sizes of these large spills from pipelines
and platforms for 1996-2010 are 1,700 and 5,100 bbl, respectively (Anderson, in preparation).
From 1971 to 2010, the DWH event in 2010 was the only loss of well control incident on the
OCS that resulted in a spill volume >1,000 bbl. This catastrophic discharge event is discussed
separately below.

Catastrophic Discharge Event. The CDE estimate is intended to provide a scenario for
a low-probability event with the potential for catastrophic consequences. Past oil spills that may
be relevant include the Exxon Valdez oil spill (262,000 bbl) (non-OCS program related) in
Prince William Sound, south central Alaska, the Ixtoc oil spill (3,500,000 bbl) (non-OCS
program related) in the western GOM, and the DWH event (4,900,000 bbl) in the northern GOM
(McNutt et al. 2011). For this draft PEIS, CDEs were developed for each program area, taking
into account considerations of water depth, weather conditions (such as ice cover) and the
potential availability of response equipment for drilling relief wells. For the GOM Planning
Areas, the CDE volumes range from 900,000 to 7,200,000 bbl, depending on the depth at which
the loss of well control occurs (Table 4.4.2-2). For the Cook Inlet Planning Area, the CDE
volume estimates range from 75,000 to 125,000 bbl, depending on the availability of a rig to drill
a relief well. For the Chukchi Sea and Beaufort Sea Planning Areas, the CDE volume estimates
range from 1,400,000 to 2,100,000 bbl and 1,700,000 to 3,900,000 bbl, respectively. For these
CDE estimates, the range in volumes depends on the timing of the CDE relative to the ice-free
(open water) season and on the availability of a rig to drill a relief well.
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4.4.2.2 Spill Number Assumptions

The number of spills <1,000 bbl assumed to occur during the years of activity of the
proposed action is estimated by multiplying the oil spill rate for each of the spill size groups by
the projected oil production as a result of the proposed action. Details on the methodology for
estimating spill rates (and thus spill number) can be found in Anderson (in preparation). As
shown in Table 4.4.2-1, most spills assumed to occur during the duration of the proposed action
would be in the small-volume category (<1,000 bbl). As the spill size increases, the occurrence
rate decreases, so the number of estimated spills decreases. Estimates of the number of large
spills for the Beaufort and Chukchi Sea Planning Areas were also derived from fault-tree
modeled rates and compared to the rates from Anderson (in preparation) (Bercha Group,

Inc. 2008).

4.4.3 Potential Impacts on Water Quality

4.4.3.1 Gulf of Mexico

This section analyzes impacts on GOM coastal and marine waters. Coastal waters, as
defined here, include the bays and estuaries along the coast and State waters extending out to the
inward boundary of the territorial seas. Marine waters extend from this boundary out to the
Exclusive Economic Zone, or approximately 322 km (200 mi) from the coast.

Table 4.1.1-1 details impacting factors associated with oil and gas activities and the
development phase in which they can occur. The following factors affecting water quality have
been identified: disturbance of bottom sediments, wastes and disposal, vessel traffic, and
accidental spills. The water quality stressor activities associated with oil and gas development
are shown in Table 4.4.3-1.

Discharges to waters of the GOM are regulated by National Pollution Discharge
Elimination System (NPDES) OCS General Permit No. GMG290000 until Sept 30, 2012, for the
western GOM (off of Texas and Louisiana) and NPDES OCS General Permit No. GMG460000
until March 31, 2015, for the eastern GOM, including the Mobile and Viosca Knoll lease blocks
in the Central Planning Area.

Common impacts on water quality in both coastal and marine areas include impacts from
vessel traffic, well drilling, and operational discharges. During drilling, drilling muds are
circulated down a hollow drill pipe, through the drill bit, and up the annulus between the drill
pipe and the borehole. Drilling muds are used for the lubrication and cooling of the drill bit and
pipe. The muds also remove the cuttings that come from the bottom of the oil well and help
prevent loss of well control by acting as a sealant. The drilling muds carry drill cuttings
(i.e., crushed rock produced by the drill bit) to the surface. The drilling muds are then processed
on the platform to remove the cuttings and recycled back down the well. The separated cuttings
are, in most cases, discharged to the ocean. There are three classes of drilling muds used in the
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TABLE 4.4.3-1 Water Quality Impact Matrix

Water Quality

Stressor and O&G Activity Coastal Water ~ Shelf Water  Deepwater  Marine Water

Vessel Traffic Exploration, Construction, X X X X
Operation, Decommissioning

Well Drilling: Exploration, Development X X X X

Pipelines: Trenching, Landfalls, Construction X X X

Chemical Releases: Drilling, Normal Operational X X X X
Discharges, Sanitary Wastes

Platforms: Anchoring, Mooring, Removal X X X X

Onshore Construction X

Oil Spills X X X X

industry: water-based muds (WBMs), oil-based muds (OBMs), and synthetic-based muds
(SBMs) (Neff et al. 2000). The WBMs used in most offshore drilling operations in U.S. waters
consist of fresh- or saltwater, barite, clay, caustic soda, lignite, lignosulfonates, and/or water-
soluble polymers. The OBMs use mineral oil or diesel oil as the base fluid rather than fresh- or
saltwater. They offer several technical advantages over WBMs for difficult drilling operations;
however, because of their persistence and adverse environmental effects, OBMs and associated
cuttings have been banned from ocean discharges in U.S. waters and must be transported to
shore for disposal (Neff et al. 2000). The synthetic-based fluids (SBFs) are a family of products
developed in the 1990s to provide drilling performance similar to that of oil-based fluids, but
with improved biodegradation characteristics and decreased ecotoxicity (Neff et al. 2000). The
types that would be used most frequently would be those that meet the requirements of the
NPDES permit. The SBF-wetted cuttings are permitted for ocean discharge, while the spent
fluid is transported to shore for reuse or disposal (Neff et al. 2000).

Discharges of drilling muds and cuttings during normal operations are regulated by
NPDES general permits issued by the U.S. Environmental Protection Agency (USEPA). In areas
where disposal of drilling muds and/or cuttings at sea are permitted under an NPDES general
permit and BOEM and BSEE regulations, their environmental effects are localized because of
settling, mixing, and dilution (Montagna and Harper 1996; Neff et al. 2000; Continental Shelf
Associates 2004c). The majority of cuttings are found within 250 m (820 ft) of a drilling site
(Continental Shelf Associates 2004c). Constituents of SBF cuttings have been found in an
approximately 1 ha (2.5 ac) area surrounding a drilling rig at concentrations that may cause harm
to wildlife (Neff et al. 2000).

Produced water is water that is brought to the surface from an oil-bearing formation
during oil and gas extraction. It is the largest individual discharge produced by normal
operations. Small amounts of oil are routinely discharged in produced water during OCS
operations. The USEPA has set an effluent limitation of 29 mg/L for the oil content of produced
waters (MMS 2007b). Produced water may contain specialty chemicals added to the well for
process purposes (e.g., biocides and corrosion inhibitors) and chemicals added during treatment
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of the produced water before its release to the environment (e.g., water clarifiers). Produced
water can have elevated concentrations of several constituents, including salts, petroleum
hydrocarbons, some metals, and naturally occurring radioactive material (NORM). Petroleum
hydrocarbons in produced water discharges are a major environmental concern. The most
abundant hydrocarbons in produced water are benzene, toluene, ethylbenzene, and xylenes
(BTEX) and low-molecular-weight saturated hydrocarbons. The BTEX compounds rapidly
evaporate into the atmosphere, leaving behind less volatile, heavier compounds (weathering)
(NRC 2003b). Polycyclic aromatic hydrocarbons (PAHS) are heavier hydrocarbons in produced
water and are a concern because of the toxicity of some PAHs and their persistence in the marine
environment (Rabalais et al. 1991).

The NORM waste in produced water includes the radium isotopes Ra-226 and Ra-228
and is a concern because it is radioactive. However, in produced water discharges, radium
coprecipitates with barium sulfate and is not available for uptake by organisms (Neff 2002).

Generally, the amount of produced water is low when production begins but increases
over time near the end of the field life. In a nearly depleted field, production may be as high as
95% water and 5% fossil fuels (Rabalais et al. 1991). The National Research Council (2003a)
estimated that the total amount of produced water being released into GOM waters was
660 million bbl/yr in the 1990s. Between 1996 and 2005, the annual volume of produced water
varied between 432 million bbl/yr and 686 million bbl/yr, with an average discharge of 596
million bbl/yr (MMS 2007b).

Before being discharged into the ocean, produced water is typically treated and must
meet NPDES requirements regarding discharge rate, contaminant concentration, and toxicity,
thereby reducing the potential for contamination. However, the discharge of produced water into
the sea may degrade water and sediment quality in the immediate vicinity of the discharge point
because of its potential constituents. Studies have shown contaminated sediments exist in areas
up to 1,000 m (3,280 ft) from a produced water discharge point, indicating water quality in that
zone has been affected by produced water discharges (Rabalais et al. 1991). Because discharge
points are typically much farther apart than 1,000 m (3,280 ft), no interactions that would
measurably affect water quality are expected between them, and background concentrations are
expected to exist away from the immediate discharge location. Two recent studies have shown
that produced water discharges do not make a significant contribution to the hypoxic conditions
that are seen in the GOM (Veil et al. 2005; Bierman et al. 2007).

Normal operations for the proposed action would also involve the use of vessels with
associated impacts. Compliance with NPDES permits and USCG regulations would prevent or
minimize most impacts on the environment caused by ship traffic.

The placement of drilling units and platforms would disturb bottom sediments and
produce turbidity in the water. This impact would be unavoidable; however, these impacts
would be temporary and water quality would return to normal (e.g., background concentrations
of suspended solids) within minutes to hours without mitigation because of mixing, settling, and
dilution.
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4.4.3.1.1 Routine Operations.

Coastal Waters. Routine activities potentially affecting coastal water quality include
pipeline landfalls, well completion activities, platform construction, and operation discharges.
The estimated exploration and development scenario for the GOM for the proposed action is
presented in Table 4.4.1-1 and estimated depth distribution of the activities in Table 4.4.1-2.

Construction and installation of exploratory and development wells (up to 100 and 600,
respectively), platforms (up to 450), and offshore pipelines (up to 12,000 km [7,500 mi]) would
affect water quality and disturb habitats (see Table 4.4.1-1). Such activities would disturb
bottom sediments and increase the turbidity of the water in the area of construction. Trenching
operations to bury pipelines would produce turbidity (i.e., increased suspended solids) in the
coastal waters along pipeline corridors. The disturbance of bottom sediments caused by these
operations would be unavoidable. However, these impacts would be temporary, and water
quality would return to normal (i.e., background concentrations) without mitigation, once these
activities were completed because of settling and mixing.

Construction of new onshore support facilities (up to 11 pipeline landfalls, 6 pipe yards,
and 12 processing facilities) could affect the quality of nearshore and fresh waters in the GOM
Planning Areas. During land site preparation, vegetation is typically cleared from the area,
compacting the topsoil, because of the constant movement of heavy machinery. This
compaction would reduce the water retention properties of the soil and increase erosion and
surface runoff from the site. Water quality would be degraded by increases in site runoff of
particulate matter, heavy metals, petroleum products, and chemicals to local streams, estuaries,
and bays. Proper siting of facilities and requirements associated with NPDES construction
permits should largely mitigate these impacts.

The OCS service and construction vessel traffic to and from platform sites within the
planning area (up to 600 vessel trips per week) would also affect water quality through the
permitted release of operational wastes. Routine vessel-associated discharges that could affect
coastal water quality include sanitary wastes and bilge water. Bilge water discharges from
support vessels could contain petroleum and metals from machinery. Bilge water and sanitary
discharges to larger coastal water channels would produce local and temporary effects because of
the large volume of water available to dilute the discharges and the presence of currents that
would promote mixing. However, in confined portions of some channels, there might be
insufficient water volume or currents for mixing and dilution. In such regions, water quality
could be degraded. Compliance with applicable NPDES permits and USCG regulations would
prevent or minimize most impacts on receiving waters. Discharges in coastal areas are regulated
by State-issued or Federal NPDES permits specifically for coastal areas.

Produced water discharges were banned in coastal waters of the GOM in the late 1990s,
and reinjection of produced water is practiced in coastal areas to avoid discharges (NRC 2003b;
Wilson 2007).

Marine Waters. Marine waters can be divided into continental shelf waters and deep
waters. Continental shelf waters are defined as those waters that lie outside of the coastal waters
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and have a depth less than 305 m (1,000 ft). Deep waters are located in regions that are equal to
or deeper than 305 m (1,000 ft).

Routine operations that could affect water quality include anchoring, mooring, drilling
and well completion activities, well testing and cleanup operations, flaring/burning, facility
installation and operations, support service activities, decommissioning, and site clearance.
Construction and installation of exploratory and development wells (up to 1,200), platforms
(up to 450), and offshore pipelines (up to 12,000 km [7,500 mi]) would affect water quality and
disturb habitats (see Table 4.4.1-1).

As with coastal areas, OCS vessel traffic to and from platform sites within the planning
area (up to 600 vessel trips per week) would also affect water quality through the permitted
release of operational wastes (such as bilge water). Because of the relatively small volumes that
would be discharged, these waste materials would be quickly diluted and dispersed, and any
impacts on water quality would be highly localized and temporary. Compliance with applicable
NPDES permits and USCG regulations would prevent or minimize most impacts on receiving
waters.

Sanitary and domestic waste and deck drainage would occur from platforms, drilling
vessels, and service vessels as part of normal operations and could contribute to water quality
degradation. However, sanitary and domestic wastes would be routinely processed through
onsite waste treatment facilities before being discharged overboard, and deck drainage would be
treated onsite to remove oil and then discharged. Sand and sludge recovered from the treatment
processes would be containerized and shipped to shore for disposal. Impacts on water quality
from such discharges would require no mitigation because of the treated nature of the wastes, the
small quantities of discharges involved, and the mixing and dilution of the wastes with large
volumes of water.

Discharges associated with drilling and production are discussed in Section 4.4.3.1.
Normal operations for the proposed action would also involve the use of vessels with associated
impacts, such as those discussed for related impacts on coastal areas. Compliance with NPDES
permits and USCG regulations would prevent or minimize most impacts on the environment.

The placement of drilling units and platforms would disturb bottom sediments and
produce turbidity in the water. Pipeline trenching, required in water depths less than 61 m
(200 ft), would also produce turbidity along pipeline corridors. This impact would be
unavoidable; however, these impacts would be temporary, and water quality would return to
normal (e.g., background concentrations of suspended solids) within minutes to hours without
mitigation because of mixing, settling, and dilution.

As discussed in Section 3.4.1.2, hypoxic conditions exist on the Louisiana-Texas shelf.
The size of the hypoxic zone varies from year to year. The hypoxic zone attained a maximum
measured extent in 2002, when it encompassed about 22,000 km?2 (8,494 mi2). Normal
operations from oil and gas production in the GOM could affect the extent and severity of the
hypoxic zone through discharges and accidental releases. Very preliminary calculations reveal
that ammonium and oil and grease contained in produced water are a small percentage of that
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contributed by the Mississippi River to the hypoxic zone (Rabalais 2005). A study that
monitored oxygen-demanding substances and nutrients in the produced water discharges from
50 platforms found that produced water discharges contributed less than 1% of the oxygen-
demanding substances to the hypoxic zone (Veil et al. 2005).

For the proposed action, the compositions and volumes of discharges would be expected
to be about the same as those observed historically, and compliance with existing NPDES
permits would minimize impacts on receiving waters (e.g., through limitations on concentrations
of toxic constituents). Water quality likely would recover without mitigation when discharges
ceased because of dilution and dispersion.

Although deepwater operations and practices are similar to those used in shallower
environments, there are some significant differences. Three of these are seafloor discharges
from pre-riser and riserless drilling operations, discharge of cuttings wetted with SBFs, and more
extensive and frequent use of chemical products to enhance oil and gas throughput because of
the temperatures and pressures present at the seafloor, including their use within pipelines to
facilitate the transport of large quantities of methanol and other chemicals to and from the shore.

Floating production facilities are used in deepwater rather than conventional, bottom-
founded (i.e., fixed) platforms. These deepwater facilities include floating production
semisubmersibles, tension leg platforms, and spars (Harbinson and Knight 2002). Often these
facilities are surface hubs for several subsea systems. Therefore, in deep water, there will be far
fewer and more widely spaced surface facilities than on the shelf, but these facilities will have
increased discharges of produced waters over time due to the larger volume being processed.

In order to enhance the throughput of oil and gas in deep water, more extensive and
frequent use of some chemical products is anticipated because of the temperatures and
pressures encountered at the seafloor. Chemicals most likely to be present in deepwater
operations and drilling include monoethylene glycol, methanol, corrosion inhibitors, and
biocides (Grieb et al. 2008). The toxicity of these substances varies, but the impact on water
quality would be temporary and localized (within feet of a release), due to the small quantities in
which they would likely be released and the amount of dilution and mixing that would occur in a
subsea environment (Grieb et al. 2008).

Deepwater activities could incrementally increase support activities and the expansion,
construction, or modification of onshore support bases due to the deeper draft of these support
vessels. The impacts resulting from this growth would be common to all OCS support facilities
(point-source waste discharges, runoff, dredging, and vessel discharges) and not specific to
deepwater activities. Short-term degradation of water quality might increase at a few support
base locations that would be expected to grow as a consequence of deepwater activities
(including Corpus Christi, Galveston, and Port Fourchon).
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4.4.3.1.2 Accidents.

Coastal Waters. Accidental releases could affect the quality of coastal water in the
GOM. The magnitude and severity of impacts would depend on spill location and size, type of
product spilled, weather conditions, and the water quality and environmental conditions at the
time of the spill.

Under the proposed action, the number and types of spills assumed to occur in the GOM
Planning Area include up to seven large spills (i.e., >1,000 bbl), up to five spills at a volume of
1,700 bbl from pipelines, up to two spills at a volume of 5,000 bbl from platforms, and up to one
spill at a volume of 3,100 bbl from a tanker. Between 35 and 70 small spills with volumes
between 50 and 999 bbl are assumed to occur, as well as between 200 and 400 very small spills
with volumes between 1 and 50 bbl (Table 4.4.2-1).

Weathering processes that transform the oil, such as volatilization, emulsification,
dissolution, chemical oxidation, photo-oxidation, and microbial oxidation, may reduce impacts
of oil spills in the GOM Planning Areas on coastal water quality (NRC 2003b; NOAA 2005).
Dissolution, which is a small component of weathering, can be important to biological
communities because the most soluble fractions are often the most toxic (Shen and Yapa 1988).
Because oil is generally less dense than water, it would tend to float on the sea surface. Lighter
oil fractions such as BTEX would readily evaporate from the surface and, therefore, would not
be a continuing source of potential water contamination. Following a spill, light crude oils can
lose as much as 75% of their initial volume to evaporation as the lighter components
(e.g., BTEX) change from the liquid to the gas phase; medium-weight crude oils can lose as
much as 40% (NRC 2003b).

If a large spill occurred in enclosed coastal waters or was driven by winds, tides, and
currents into an enclosed coastal area, water quality would be adversely affected. These impacts
could be increased if they occurred in areas with degraded water quality, such as areas
continuing to be affected by the DWH. Similarly, if a large tanker spill were to happen near
port, adverse impacts on coastal waters could occur. In such a low-energy environment (i.e., an
environment in which there is limited wave and current activity), the oil would not be easily
dispersed, and weathering could be slower than it would be in the open sea. Effects on water
quality could persist if oil reached coastal wetlands and was deposited in fine sediments,
becoming a long-term source of pollution because of remobilization. In such locations, spill
cleanup might be necessary for the recovery of the affected areas. Potential impacts from spill
response and cleanup activities are discussed below. As a result of the DWH event, residual oil
was still being removed from shorelines as of January 2011 (Geoplatform 2011a, b). However,
supratidal buried oil, small surface residue balls, and submerged oil mats are three types of
residual oil from the DWH spill in the nearshore zone that were identified as being more
damaging to completely remove from coastal habitats than to let them remain and naturally
attenuate (OSAT-2 2011). Oiled shorelines might also be washed with warm or cold water,
depending on the shore’s location.

Small oil spills (<1,000 bbl) or very small oil spills (<50 bbl) would produce small but
measurable impacts on water quality. Assuming that all small and very small spills would not

Environmental Consequences 4-117



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

occur at the same time and place, water quality would rapidly recover without mitigation because
of mixing, dilution, and weathering. However, impacts could be increased if they occurred in
areas with degraded water quality, such as areas continuing to be affected by the DWH event.

Marine Waters. Accidental releases could affect the quality of marine waters in the
GOM Planning Areas. The number and types of spills assumed to occur in the GOM Planning
Areas are the same as those discussed above for coastal waters. The magnitude of these impacts
and the rate of recovery would depend on the location and size of the spill, the type of product
spilled, weather conditions, and environmental conditions at the time of the spill. Failures of
production-related piping, seals, and connections have been identified as key risks for releases
that may affect water quality in deepwater environments, with loss of well control presenting the
highest risk of environmental impacts (Grieb et al. 2008). Because of the depths of some
deepwater drilling operations, servicing any leak identified during subsea drilling and production
operations would be more difficult and require remotely operated vehicles for depths greater than
610 m (2,000 ft) (Grieb et al. 2008). Each piping connection presents a potential for leakage due
to human error, corrosion, or erosion (Grieb et al. 2008). In general, oil spilled below the surface
rises rapidly as droplets that coalesce to form a slick. Standard response procedures for a spill
could then be used.

Because deepwater operations can be located far from shore, tankers could be used to
shuttle crude oil to shore stations. This transport of oil from operations in deep water has the
potential to produce spills that could affect coastal waters within a very short time if the spill
occurred near the port. It is expected that such spills could release approximately 3,100 bbl of
oil. Such a release could retain a large volume of oil in the slick at the time it contacted land.

Small oil spills (<1,000 bbl) and very small oil spills (<50 bbl) would have measurable
impacts on water quality. If it is assumed that all small and very small spills would not occur at
the same time and place, water quality would rapidly recover without mitigation because of
mixing, dilution, and weathering.

Spill Response and Cleanup. Spill response and cleanup activities in coastal and marine
water could include, depending on location, use of chemical dispersants, in situ burning, use of
vessels and skimmers, and beach cleaning and booming (BOEMRE 2011Kk).

Dispersants are combinations of surfactants and solvents that work to break surface oil
into smaller droplets that then disperse on the surface and into the water column. Many factors
affect the behavior, efficacy, and toxicity of a particular dispersant, including water temperature,
surface salinity, wave and wind energy, light regime, water depth, type of oil, concentration of
dispersant, how the dispersant is applied (constant or intermittent spikes), and exposure time to
organisms. Dispersants are used to degrade an oil spill more quickly through increasing surface
area and to curtail oil slicks from reaching shorelines (Word et al. 2008). As oil breaks into
smaller droplets, it can distribute vertically in the water column. If oil droplets adhere to
sediment, the oil can be transported to the seafloor and interstitial water in the sediment. In
shallow nearshore waters, wind, wave, and current action would more likely mix the dispersant-
oil mixture into the water column and down to the seafloor environment. Chemically dispersed
oil is thought to be more toxic to water column organisms than physically dispersed oil, but the
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difference is not clear-cut, and generally the toxicity is within the same order of magnitude
(NRC 2005b).

In situ burning is used to reduce an oil spill more quickly and to curtail oil slicks from
reaching shorelines. In situ burning could increase the surface water temperature in the
immediate area and produce residues. The uppermost layer of water (upper millimeter or less)
that interfaces with the air is referred to as the microlayer. Important chemical, physical, and
biological processes take place in this layer, and it serves as habitat for many sensitive life stages
and microorganisms (GESAMP 1995). Disturbance to this layer through temperature elevation
could cause negative effects on biological, chemical, and physical processes.

Residues from in situ burning can float or sink depending on the temperature and age of
the residue. Floating residue can be collected; however, residues that sink could expose the
benthic waters and sediment to oil components as the residue degrades on the seafloor.

The NOAA Office of Response and Restoration states, “Overall, these impacts [from
open water in situ burning] would be expected to be much less severe than those resulting from
exposure to a large, uncontained oil spill” (NOAA 2011d).

Oiled shorelines might be washed with warm or cold water, depending on the shore’s
location. Oil dispersants and surface washing agents used to clean up a spill could also be a
source of impacts to water quality for coastal areas in the event of a spill (EIC and NCSE 2010;
Coastal Response Research Center 2010). Beach cleaning and booming activities could result in
effects from suspended sediment in waters and resettlement of sediments elsewhere, possible
resuspension of hydrocarbons, and runoff of treatment-laden waters that could affect nearshore
temperature and nutrient concentrations (BOEMRE 2011Kk).

Catastrophic Discharge Event. For the GOM Planning Areas, a low-probability CDE
could have a volume of 900,000 to 7,200,000 bbl (Table 4.4.2-2). A catastrophic discharge
event in either coastal or marine water could present sustained degradation of water quality from
hydrocarbon contamination in exceedence of State and Federal water and sediment quality
criteria. These effects could be significant depending upon the duration and area impacted by the
spill. Additional effects on water quality would occur from response and cleanup vessels, in situ
burning of oil, dispersant use, discharges and seafloor disturbance from relief well drilling, and
activities on shorelines associated with cleanup, booming, beach cleaning, and monitoring.

4.4.3.2 Alaska Cook Inlet

This section analyzes impacts on coastal and marine waters in the Cook Inlet Planning
Area. Coastal waters, as defined here, include the bays and estuaries along the coast and State
waters extending out to the inward boundary of the territorial seas. Marine waters extend from

this boundary out to a water depth of 200 m (656 ft).

Section 4.1.1 details impacting factors for activities associated with oil and gas activities
and the development phases in which they can occur. The following factors affecting water
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quality have been identified: disturbance of bottom sediments, wastes and disposal, vessel
traffic, and accidental spills. The water quality stressor activities associated with oil and gas are
shown in Table 4.4.3-1. Note that no onshore construction or pipeline landfalls are anticipated
for the Cook Inlet Planning Area for the lease sales during 2012-2017 period.

Discharges to waters of Cook Inlet are regulated by NPDES OCS General Permit
No. AKG-31-5000 until July 2, 2012.

Common impacts on water quality in both coastal and marine areas include those from
vessel traffic, well drilling, and operational discharges. The types of impacts expected are the
same as those discussed above in Section 4.4.3.1.

4.4.3.2.1 Routine Operations.

Coastal Waters. Routine activities potentially affecting coastal water quality include
pipeline landfalls, well completion activities, platform construction, and operational discharges.
The estimated exploration and development scenario for Cook Inlet is presented in Table 4.4.1-3.

Construction and installation of exploratory and development wells (up to 12 and 114,
respectively), platforms (up to 3), and offshore pipelines (up to 240 km [150 mi]) would affect
water quality and disturb habitats (see Table 4.4.1-3). Trenching operations to bury pipelines
would produce turbidity (i.e., increased suspended solids) in the coastal waters along pipeline
corridors. Increased water turbidity would also result from placing drilling units and platforms.
The disturbance of bottom sediments caused by these operations would be unavoidable.
However, these impacts would be temporary, and water quality would return to normal
(i.e., background concentrations) without mitigation, once these activities were completed,
because of settling and mixing.

Construction of new onshore pipelines (up to 169 km [105 mi]) would also impact coastal
water quality in the Cook Inlet Planning Area. Proper siting of facilities and requirements
associated with NPDES construction permits would largely mitigate these impacts. The impacts
on water quality would range from negligible to minor, depending on site location and
construction and mitigation activities.

Increased turbidity from construction and installation activities would occur in the
immediate area of the activity. Contaminants introduced into Cook Inlet waters by these
activities would be diluted and dispersed by complex currents associated with the tides (diurnal
tidal variations at the upper end of the Cook Inlet at Anchorage can be 9 m [30 ft]), estuarine
circulation, wind-driven waves, and Coriolis forces (MMS 2003a; Royal Society of
Canada 2004). Seawater enters the Lower Cook Inlet from the Gulf of Alaska at the Kennedy
Entrance south of the Kenai Peninsula, and fresh water enters the inlet from numerous streams
along the east, north, and west shorelines; major freshwater inputs include the Susitna and Kenai
Rivers. Seawater circulates northward in Cook Inlet along its eastern boundary, mixes with fresh
water in the northern end, and flows southward along the western boundary. Water exits the
lower Cook Inlet through Shelikof Strait and discharges into the Gulf of Alaska (MMS 2002a).
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Surface currents in Cook Inlet can exceed 5 knots (5.7 mph), and bottom currents can reach
1.5 knots (1.7 mph) (Royal Society of Canada 2004). Approximately 90% of waterborne
contaminants would be flushed from the lower Cook Inlet within about 10 months

(MMS 2003a). Contaminants flushed from Cook Inlet would pass through Shelikov Strait and
enter the Gulf of Alaska. Because of dilution, settling, and flushing, impacts from these
activities would be local and temporary.

In addition to affecting the turbidity of coastal waters in the Cook Inlet, construction
activities would produce waste materials. The majority of wastes generated during construction
and developmental drilling would consist of drill cuttings and spent muds (MMS 2002a).
Drilling muds and cuttings generated when installing exploration and delineation wells would be
discharged at the well site. The volume of drilling fluids and cuttings vary depending upon the
well characteristics, but, in general, fluids average approximately 500 bbl/well, and drill cuttings
would comprise the equivalent of approximately 600 tons/well of dry rock. Thus, under the
proposed action, up to 6,000 bbl of drilling fluids and up to 7,200 tons of drill cuttings could be
disposed of in the waters of the Cook Inlet Planning Area. All drilling muds and cuttings
associated with development and production wells would be treated and reinjected into the well.
Discharge of drilling muds and cuttings would increase turbidity in the vicinity of the well. The
discharge would contain trace metal and hydrocarbon constituents that would be suspended in
the water column and subsequently deposited on the seafloor. These drilling discharges must
comply with NPDES permit requirements regarding the discharge amount, rate, and toxicity,
which would greatly reduce the impact to water quality.

Because all produced water would be discharged down hole, there would be no impacts
on water quality from these operational discharges. Domestic wastewater would also be
generated by these activities. This material would be injected into a disposal well. Solid wastes,
including scrap metal, would be hauled offsite for disposal at an approved facility.

The OCS service and construction vessel traffic to and from platform sites within the
planning area (up to nine vessel trips per week) would also affect quality through the permitted
release of operational wastes. Routine vessel-associated discharges that could affect coastal
water quality include sanitary wastes and bilge water. Bilge water discharges from support
vessels could contain petroleum and metals from machinery. Bilge water and sanitary discharges
to larger coastal water channels would produce local and temporary effects because of the large
volume of water available to dilute the discharges and the presence of currents that would
promote mixing. However, in confined portions of some channels, there might be insufficient
water volume or currents for mixing and dilution. In such regions, water quality could be
degraded. Compliance with applicable NPDES permits and USCG regulations would prevent or
minimize most impacts on receiving waters. Discharges in coastal areas are regulated by State-
issued or Federal NPDES permits specifically for coastal areas.

The National Research Council (2003b) estimated that the total amount of produced
water being released into Cook Inlet waters was 45.7 million bbl/yr in the 1990s. Produced
water can contain hydrocarbons, salts, and metals at levels toxic to marine organisms. Before
being discharged into the ocean, produced water is typically treated and must meet NPDES
requirements regarding discharge rate, contaminant concentration, and toxicity, thereby reducing
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the potential for sediment contamination. However, under the current NPDES permits, new
facilities would not be allowed to discharge produced water into Cook Inlet. Under the proposed
action, it is anticipated that all produced waters would be treated and reinjected into the well.
Therefore, no impacts on water quality are expected to result from produced water.

Marine Waters. Routine operations that could affect marine water quality in the Cook
Inlet Planning Area include anchoring, mooring, drilling and well completion activities, well
testing and cleanup operations, flaring/burning, facility installation and operations, support
service activities, decommissioning, and site clearance. These activities would disturb the
seafloor and increase the suspended sediment load in the water column. Offshore pipelines in
Alaska are normally placed in a dredged trench in waters less than about 60 m (197 ft) deep.
Dredged material from the trenches can be used to cover the pipeline. Fill deposited during
artificial island construction also increases turbidity. As these operations are reversed and
structures removed, increased turbidity would reoccur. In general, plumes from these activities
extend a few hundred meters to a few kilometers down current, but the length of the plume
would depend on rate and duration of discharge, sediment grain size, current regime, source type,
water column turbulence, and season. The direction of plume movement would be influenced by
the general circulation pattern in the planning area and local ambient conditions. Suspended
sediments in the plumes are expected to have toxicity ranges that are generally described as
nontoxic to slightly toxic (National Academy of Sciences 1983). Overall, it is anticipated that
the impacts on water quality from routine operations would be localized and temporary. As with
coastal water impacts, dilution, settling, and rapid flushing would minimize any long-lasting
impacts on water quality.

Adverse water quality impacts would also be produced by routine discharges of domestic
waste (e.g., wash water, sewage, and galley wastes) and deck drainage (platform and deck
washings, and gutters and drains, including drip pans and work areas). Domestic waste would
increase suspended solids in the receiving water, thereby increasing turbidity and biological
oxygen demand. Sanitary and domestic wastes are monitored in accordance with the NPDES
permit. Established effluent limitations and guidelines published in 40 CFR Part 435, and
operator compliance should minimize impacts on ambient water quality. Such impacts would be
local and temporary.

The principal discharges of concern during drilling would be muds and cuttings. Drilling
muds and cuttings generated when installing exploration and delineation wells would be
discharged at the well site. All drilling muds and cuttings associated with development and
production wells would be treated and reinjected into the well. See the discussion above for
coastal waters for further information on potential impacts of discharging drilling muds and
cuttings.

During operations, all produced water would be reinjected into the well in the Cook Inlet
Planning Area, there produced water generated from activities associated with the proposed
action would have no impacts on marine water quality.

As with coastal waters, OCS vessels traveling to and from platform sites within the
planning area (up to three vessel trips per week per platform) could affect local water quality as a
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result of operational discharge of waste fluids. Because of dilution, settling, and flushing, water
quality impacts from such discharges would be localized and temporary.

4.4.3.2.2 Accidents.

Coastal Waters. Accidental releases could affect the quality of coastal water in the
Cook Inlet. The magnitude and severity of impacts would depend on the spill location and size,
type of product spilled, weather conditions, and the water quality and environmental conditions
at the time of the spill.

Under the proposed action, the number and types of spills assumed to occur in the Cook
Inlet Planning Area include up to one large spill (i.e., >1,000 bbl) from either a platform
(5,100 bbl) or a pipeline (1,700 bbl), up to three small spills with volumes between 50 and
999 bbl; and up to 15 very small spills with volumes between 1 and 50 bbl (Table 4.4.2-1). For
conservative analysis (i.e., one in which impacts would be greater than those that would actually
occur), all the spills are assumed to occur in Cook Inlet coastal waters. Such spills would
adversely affect water quality. A spill in isolated coastal waters, in shallow waters under thick
ice, or in rapidly freezing ice could cause sustained degradation of water quality to levels that are
above State or Federal criteria for hydrocarbon contamination. Concentrations could exceed the
chronic criterion of 0.015 ppm total hydrocarbons, but this exceedance would probably occur
over a relatively small area. Persistent small spills in such areas could result in local chronic
contamination. In most cases, spills would be rapidly diluted. In some cases, however, water
quality could be degraded to a greater extent.

Weathering processes that transform the oil, such as volatilization, emulsification,
dissolution, chemical oxidation, photo-oxidation, and microbial oxidation, may reduce impacts
of oil spills on coastal water quality in the Cook Inlet Planning Area (NRC 2003b; NOAA 2005).
Dissolution, which is a small component of weathering, can be important to biological
communities because the most soluble fractions are often the most toxic (Shen and Yapa 1988).
Because oil is generally less dense than water, it would tend to float on the sea surface. Lighter
oil fractions such as BTEX would readily evaporate from the surface and, therefore, would not
be a continuing source of potential water contamination. Following a spill, light crude oils can
lose as much as 75% of their initial volume to evaporation as the lighter components
(e.g., BTEX) change from liquid to gas phase; medium-weight crude oils can lose as much as
40% (NRC 2003b).

Spills would tend to move in directions consistent with established circulation patterns
for the planning area (i.e., northward along the Kenai Peninsula and southward along the Alaska
Peninsula). Actual flow paths would be affected by winds, tides, ice cover, temperature, and
cleanup activities.

If a large spill were to happen near port, there could be adverse impacts on coastal waters.
In such a low-energy environment (i.e., an environment in which there is limited wave and
current activity), the oil would not be easily dispersed, and weathering could be slower than it
would be in the open sea. Effects on water quality could persist if oil reached coastal wetlands
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and was deposited in fine sediments, becoming a long-term source of pollution because of
remobilization. In such locations, spill cleanup might be necessary for the recovery of the
affected areas. Potential impacts to water quality from spill cleanup activities are discussed
below.

Small oil spills (<1,000 bbl) or very small oil spills (<50 bbl) would produce small but
measurable impacts on water quality. Assuming that all intermediately sized and small spills
would not occur at the same time and place, water quality would rapidly recover without
mitigation because of mixing, dilution, and weathering.

Under arctic conditions (i.e., cold water and cold air temperatures), weathering processes,
such as volatilization, would also be much slower than in warmer climates (MMS 2008b); under
calm conditions and cold temperatures in restricted waters, vertical mixing and dissolution would
be reduced (MMS 2008b). If the spill were to occur on ice or under ice, oil would be trapped
and essentially remain unchanged until breakup occurred and the ice began to melt. The volatile
compounds from such a spill would be more likely to freeze into the ice within hours to days
rather than dissolve or disperse into the water below the ice. A hydrocarbon plume in the water
column underneath the ice could persist with concentrations that exceed ambient standards and
background levels for a distance greater than that in the open sea (MMS 2008b). Impacts on
coastal waters from a large spill would depend on the season, type, and composition of the spill,
weather conditions, and size of the spill.

Marine Waters. Accidental hydrocarbon releases in the marine environment can occur
at the surface from tankers or platforms or at the seafloor from the wellhead or pipelines. The
number of potential spills estimated for Cook Inlet marine waters are conservatively assumed to
be the same as those discussed above for coastal waters. In general, oil spilled below the surface
rises rapidly as droplets that coalesce to form a slick. Standard response procedures for a spill
could then be used. In open marine waters, evaporation, advection, and dispersion generally
reduce the effects of toxic oil fractions and their degradation products to below State and Federal
criteria for hydrocarbon contamination. Sustained degradation of water quality to levels
exceeding the chronic criterion of 0.015 ppm total hydrocarbon contamination is unlikely.
However, levels could exceed this standard over several thousand square kilometers for a short
period of time (about 30 days), depending on the size, location, and season of the spill. Marine
spills would tend to move in directions consistent with established circulation patterns for the
planning area (i.e., northward along the Kenai Peninsula and southward along the Alaska
Peninsula). Actual flow paths would be affected by winds, tides, ice cover, temperature, and
cleanup activities. The persistence of oil slicks would generally last less than 1 year. Large oil
spills assumed under this alternative would become more likely as the volume of assumed oil
production increases. Water quality would eventually recover, but recovery time could be
decreased by oil-spill cleanup activities.

Spill Response and Cleanup. Spill response and cleanup activities in both coastal and
marine waters could include, depending on location, use of chemical dispersants, in situ burning,
use of vessels and skimmers, drilling of a relief well, and beach cleaning and booming
(BOEMRE 2011k). Potential impacts to water quality from each of these spill response and
cleanup activities are discussed above in Section 4.4.3.1.2. However, clean up of large spills in
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the open sea off of south central Alaska could be hindered by several factors. There could be
limited access to oil slicks contained between ice floes during a large part of the year. There
could also be reduced oil flow into recovery devices because of increased viscosity and
precipitation of wax crystals, as well as decreased oil adhesion to the recovery unit material and
a high percentage of free water in the recovered product due to mixing of the oil slick with slash
ice and snow (MMS 2008b). In winter, icebreakers could affect the movement of spilled oil that
may be trapped beneath or in the ice (BOEMRE 2011Kk).

If an oil spill occurred in winter, in situ burning would be limited by the lack of open
water to collect oil and open water in which to burn it. If burning could occur in winter on a
limited scale, sea ice would melt in the immediate vicinity of the burn.

Catastrophic Discharge Event. For the Cook Inlet Planning Area, a low-probability
CDE could have a volume of between 75,000 and 125,000 bbl (Table 4.4.2-2). A catastrophic
discharge event in coastal or marine water could present sustained degradation of water quality
from hydrocarbon contamination in exceedence of State and Federal water and sediment quality
criteria. These effects could be significant depending upon the duration and area impacted by the
spill. Additional effects on water quality could occur from response and cleanup vessels, in situ
burning of oil, dispersant use, discharges and seafloor disturbance from relief well drilling, and
activities on shorelines associated with cleanup, booming, beach cleaning, and monitoring.
Impacts from the spill would again depend on the spill size and composition, weather conditions,
and the location of the spill.

4.4.3.3 Alaska — Arctic

This section analyzes impacts on coastal and marine waters in the Arctic region. Coastal
waters, as defined here, include the bays and estuaries along the coast and State waters extending
out to the inward boundary of the territorial seas. Marine waters extend from this boundary out
to a water depth of 200 m (656 ft).

Table 4.1.1-1 details impacting factors associated with oil and gas activities and the
development phase in which they can occur. The following factors affecting water quality have
been identified: disturbance of bottom sediments, wastes and disposal, vessel traffic, and
accidental spills. The water quality stressor activities associated with oil and gas development
are shown in Table 4.4.3-1.

The current Arctic NPDES General Permit for wastewater discharges from Arctic oil and
gas exploration (No. AKG-33-0000) expired on June 26, 2011. USEPA will reissue separate
NPDES exploration General Permits for the Beaufort Sea and the Chukchi Sea prior to the 2012
drilling season. USEPA expects that tribal consultation and public comment on the new
proposed Arctic oil and gas exploration permits would occur in fall 2011. The USEPA Region
10 website will post updates to its website as they become available at http://yosemite.epa.gov/
r10/water.nsf/npdes+permits/arctic-gp.
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Common impacts on water quality in both coastal and marine areas include those from
vessel traffic, well drilling, and operational discharges. The types of impacts expected are the
same as those discussed above in Section 4.4.3.1.

4.4.3.3.1 Routine Operations.

Coastal Waters. Construction and installation of exploratory wells (up to 16 in the
Beaufort Sea Planning Area and up to 20 in the Chukchi Sea Planning Area), development wells
(up to 120 in the Beaufort Sea Planning Area and up to 280 in the Chukchi Sea Planning Area),
subsea production wells (up to 10 in the Beaufort Sea Planning Area and up to 82 in the Chukchi
Sea Planning Area), platforms (up to 4 in the Beaufort Sea Planning Area and up to 5 in the
Chukchi Sea Planning Area), and offshore pipelines (up to 249 km [155 mi] in the Beaufort Sea
Planning Area and up to 402 km [250 mi] in the Chukchi) would affect water quality. Such
activities would disturb bottom sediments and increase the turbidity of the water in the area of
the construction. Because pipelines in shallow waters are buried using a trenching method,
installation would initially release sediment to the water column. Moderate impacts on water
quality (i.e., turbidity) from such construction and installation activities would occur in the
immediate area of the activity. These impacts would be local and short term as settling and
mixing occurred.

Drilling muds and cuttings generated when installing exploration and delineation wells
would be discharged at the well site. All drilling muds and cuttings associated with development
and production wells would be treated and reinjected into the well. For exploration wells, the
volume of drilling fluids and cutting vary depending upon the well characteristics, but, in
general, fluids average approximately 500 bbl/well and drill cuttings would comprise the
equivalent of approximately 600 tons/well of dry rock. Thus, under the proposed action, up to
8,000 bbl of drilling fluids and up to 9,600 tons of drill cuttings could be disposed of in the
waters of the Beaufort Sea Planning Area and up to 10,000 bbl of drilling fluids and up to
12,000 tons of drill cuttings could be disposed of in the waters of the Chukchi Sea Planning
Area. Discharge of drilling muds and cuttings would increase turbidity in the vicinity of the
well. The discharge would contain trace metal and hydrocarbon constituents that would be
suspended in the water column and subsequently deposited on the sea floor. These drilling
discharges must comply with NPDES permit requirements regarding the discharge amount, rate,
and toxicity, which would greatly reduce the impact to water quality.

Because of climatic conditions in the Arctic region, there would be a number of
additional operations specific to the Arctic (e.g., constructing and maintaining ice roads
[MMS 2002c] and ice islands). In addition to affecting the turbidity of coastal waters in the
Aurctic region, construction activities would also produce waste materials. Contaminants would
also be released to the coastal waters during every ice breakup from fluids entrained in ice roads
and ice islands (Skolnik and Holleyman 2005). Entrained contaminants from vehicle exhaust,
grease, antifreeze, oil, and other vehicle-related fluids would pass directly into the sea at each
breakup (MMS 2002c). These discharges are not expected to be major; however, they would
occur throughout the life of a development area.
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Construction of new onshore pipelines (up to 129 km [80 mi] in the Beaufort Sea
Planning Area and none in the Chukchi Sea Planning Area) would also affect coastal water
quality in the Arctic region. Proper siting of facilities and requirements associated with
construction permits would largely mitigate these impacts. The impacts on water quality would
range from negligible to minor, depending on site location and construction and mitigation
activities.

The OCS service and construction vessel traffic to and from platform sites within the
planning area (up to 12 vessel trips per week in the Beaufort Sea Planning Area and up to
15 vessel trips per week in the Chukchi Sea Planning Area) would also affect water quality
through the permitted release of operational wastes. Compliance with applicable NPDES
permits and USCG regulations would prevent or minimize most impacts on receiving waters.

Marine Waters. Routine operations that could affect marine water quality in the Arctic
region include anchoring, mooring, drilling and well completion activities, well testing and
cleanup operations, flaring/burning, facility installation and operations, support service activities,
decommissioning, and site clearance. Activities such as dredging trenches for pipelines and
constructing artificial islands would disturb the seafloor and increase the suspended sediment
load in the water column. These suspended sediments have toxicity ranges that are generally
described as nontoxic to slightly toxic (National Academy of Sciences 1983). Turbidity and
plumes containing sediments would depend on the season, sediment grain size, the rate and
duration of discharge within the disturbed areas, and the currents present. This additional
suspended sediment load would be temporary, and impacts on water quality would be localized.

The majority of wastes generated during construction and development would consist of
drill cuttings and spent muds (MMS 2002c). Drilling muds and cuttings generated when
installing exploration and delineation wells would be discharged at the well site. All drilling
muds and cuttings associated with development and production wells would be treated and
reinjected into the well. Some waste also would be generated during operations from
well-workover rigs. Domestic wastewater and produced waters generated by these activities
would also be injected into the disposal well. Solid wastes, including scrap metal, would be
hauled offsite for disposal at an approved facility. Impacts on water quality from these activities
would be negligible.

Turbidity on a smaller scale would also result from retrieving anchors used to control the
movement of vessels while dredging and setting pipes or placing platforms. These types of
disturbances would not occur if drillships, which use dynamic positioning rather than anchors,
were used, a standard procedure in Chukchi Sea exploration.

The OCS service and construction vessel traffic to and from platform sites within the
planning area (up to 12 vessel trips per week in the Beaufort Sea Planning Area and up to 15
vessel trips per week in the Chukchi Sea Planning Area) would also affect water quality through
the permitted release of operational wastes. Compliance with applicable NPDES permits and
USCG regulations would prevent or minimize most impacts on receiving waters.
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4.4.3.3.2 Accidents.

Coastal Waters. Accidental releases could affect the quality of coastal water in the
Arctic region. The magnitude and severity of impacts would depend on the location of the spill,
spill size, type of product spilled, weather conditions, and the water quality and environmental
conditions at the time of the spill. Under the proposed action, the number and types of spills
assumed to occur in the Arctic region include up to three large spills (i.e., >1,000 bbl): up to two
spills at a volume of 1,700 bbl from pipelines and up to one spill at a volume of 5,000 bbl from a
platform. Between 10 and 35 small spills with volumes between 50 and 999 bbl are assumed to
occur and between 50 and 190 very small spills with volumes between 1 and 50 bbl
(Table 4.4.2-1).

If a large spill were to occur in enclosed coastal waters or were driven by winds, tides,
and currents into a semi-enclosed coastal area, water quality would be adversely affected. With
limited wave and current activity in coastal waters, the oil would not be easily dispersed, and
weathering could be slower than in the open sea (see discussion in Section 4.4.3.1.2). Under
arctic conditions (i.e., cold water and cold air temperatures), weathering processes, such as
volatilization, would also be much slower than in warmer climates (MMS 2008b); under calm
conditions and cold temperatures in restricted waters, vertical mixing and dissolution would be
reduced (MMS 2008b). If the spill were to occur on ice or under ice, oil would be trapped and
essentially remain unchanged until breakup occurred and the ice began to melt. The volatile
compounds from such a spill would be more likely to freeze into the ice within hours to days
rather than dissolve or disperse into the water below the ice. A hydrocarbon plume in the water
column underneath the ice could persist with concentrations that exceed ambient standards and
background levels for a distance greater than that in the open sea (MMS 2008b). Impacts on
coastal waters from a large spill would depend on the season, type and composition of the spill,
weather conditions, and size of the spill.

Effects on water quality could persist even longer if oil were to reach coastal wetlands
and be deposited in fine sediments, becoming a long-term source of pollution because of
remobilization. In such locations, spill cleanup could be necessary for recovery of the affected
areas. Shoreline cleanup operations could involve crews working with sorbents, hand tools, and
heavy equipment. The magnitude and severity of impacts from such spills would depend on the
nature of the coastal area associated with the spill, the spill size and composition, and the water
quality and condition of resources affected by the spill.

Cleanup of large spills in the open sea could be hindered by several factors. There could
be limited access to oil slicks contained between ice floes during a large part of the year. There
could also be reduced oil flow into recovery devices because of increased viscosity and
precipitation of wax crystals, as well as decreased oil adhesion to the recovery unit material and
a high percentage of free water in the recovered product due to mixing of the oil slick with slash
ice and snow (MMS 2008b). Impacts from the spill would again depend on the spill size and
composition, weather conditions, and the location of the spill.

Small oil spills (<1,000 bbl) or very small oil spills (<50 bbl) would produce measurable
impacts on water quality. Based on the assumption that all small and very small spills do not

Environmental Consequences 4-128



O©oo~NOoO ol WwN -

2012-2017 OCS Qil and Gas Leasing Program Draft Programmatic EIS UsDOI
November 2011 BOEM

occur at the same time and place, water quality would rapidly recover without mitigation, due to
mixing, dilution, and weathering.

Marine Waters. Under arctic conditions (i.e., cold water and air temperatures),
weathering processes would be much slower than in warmer climates (MMS 2008b).
Seasonality and the specific spill location would cause variability in effects (e.g., summer versus
winter in the Beaufort and Chukchi Seas). If a spill were to occur, oil would be trapped and
essentially remain unchanged until breakup occurred and the ice began to melt. The volatile
compounds from such a spill would be more likely to freeze into the ice within hours to days
rather than dissolve or disperse into the water below the ice. A hydrocarbon plume in the water
column underneath the ice could persist with concentrations that are above ambient standards
and background levels for a distance that would be five times greater than that in the open sea
(MMS 2008b).

Small oil spills (<1,000 bbl) or very small oil spills (<50 bbl) would have measurable
impacts on water quality. If it is assumed that all small and very small spills would not occur at
the same time and place, water quality would rapidly recover without mitigation because of
mixing, dilution, and weathering.

Spill Response and Cleanup. Spill response and cleanup activities in both coastal and
marine waters could include, depending on location, use of chemical dispersants, in situ burning,
use of vessels and skimmers, drilling of a relief well, and beach cleaning and booming
(BOEMRE 2011k). Potential impacts to water quality from each of these spill response and
cleanup activities are discussed above in Section 4.4.3.1.2. However, cleanup of large spills in
the open sea within the Beaufort and Chukchi Seas could be hindered by several factors. There
could be limited access to oil slicks contained between ice floes during a large part of the year.
There could also be reduced oil flow into recovery devices because of increased viscosity and
precipitation of wax crystals, as well as decreased oil adhesion to the recovery unit material and
a high percentage of free water in the recovered product due to mixing of the oil slick with slash
ice and snow (MMS 2008b). In winter, icebreakers could affect the movement of spilled oil that
may be trapped beneath or in the ice (BOEMRE 2011Kk).

If an oil spill occurred in winter, in situ burning would be limited by the lack of open
water to collect oil and open water in which to burn it. If burning could occur in winter on a
limited scale, sea ice would melt in the immediate vicinity of the burn.

Catastrophic Discharge Event. For the Chukchi Sea Planning Area, a low-probability
CDE could have a volume of between 1,400,000 and 2,200,000 bbl (Table 4.4.2-2). For the
Beaufort Sea Planning Area, a catastrophic discharge event could have a volume of between
1,700,000 and 3,900,000 bbl (Table 4.4.2-2). A catastrophic discharge event in either coastal or
marine waters could present sustained degradation of water quality from hydrocarbon
contamination in exceedence of State and Federal water and sediment quality criteria. These
effects could be significant depending upon the duration and area impacted by the spill.
Additional effects on water quality could occur from response and cleanup vessels, in situ
burning of oil, dispersant use, discharges and seafloor disturbance from relief well drilling, and
activities on shorelines associated with cleanup, booming, beach cleaning, and monitoring.
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Impacts from the event would again depend on the spill size and composition, weather
conditions, and the location of the spill.

4.4.3.4 Conclusions

Overall coastal and marine water quality impacts due to routine operations and
operational discharges under the proposed action would be unavoidable. Compliance with
NPDES permit requirements would reduce or prevent most impacts on receiving waters caused
by discharges from normal operations. Water quality would recover when discharges ceased
because of dilution, settling, and mixing. Impacts on water quality from routine operations
associated with the Program are expected to be minor to moderate.

Oil spills could reduce water quality, and these impacts would be unavoidable. In the
presence of cold temperatures and ice, cleanup activities could be more difficult than in more
temperate environments. The magnitude of the impacts would depend on the specific location
affected and the nature and magnitude of the activity/accident. Small spills would be expected to
result in short-term, temporary impacts on coastal and marine water quality. A large spill in
coastal waters could result in longer term impacts on water quality, but cleanup efforts would
reduce the likelihood of permanent impairment. A large spill in marine waters would be
expected to have temporary impacts on water quality; however, cleanup efforts and evaporation,
dilution, and dispersion would minimize the long-term impacts.

A catastrophic discharge event could present sustained degradation of water quality from
hydrocarbon contamination in exceedence of State and Federal water and sediment quality
criteria. These effects would be significant depending upon the duration and area impacted by
the spill. Impacts from the event would again depend on the spill size and composition, weather
conditions, and the location of the spill.

4.4.4 Potential Impacts on Air Quality

4.4.4.1 Gulf of Mexico

In the GOM west of 87.5° W longitude, OCS air emissions are regulated by BOEM
according to 30 CFR 250.302-304. BOEM reviews projected air emissions information from an
operator submitting a plan for exploration or development activities. If the projected annual
emissions exceed a certain threshold, which is determined by the distance from shore, the
operator needs to perform a modeling analysis to assess air quality impacts on onshore areas. If
the modeled concentrations exceed defined significance levels in an attainment area, which is an
area that meets the National Ambient Air Quality Standards (NAAQS), best available control
technology would be required on the facility. If the affected area is classified nonattainment,
further emission reductions or offsets may be required. Projected contributions to onshore
pollutant concentrations are also subject to the same limits that the USEPA applies to the
onshore areas under its Prevention of Significant Deterioration (PSD) program (MMS 2007c).
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Facilities located east of 87.5° W longitude would be under the USEPA jurisdiction,
which regulates air emissions as prescribed in 40 CFR Part 55. For facilities located within
40 km (25 mi) of a State’s seaward boundary, the regulations are the same as would be
applicable if the emission source were located in the corresponding onshore area and would
include State and local requirements for emission controls, emission limitations, offsets,
permitting, testing, and monitoring. For facilities located beyond 40 km (25 mi) of a State’s
seaward boundary, the basic Federal air quality regulations apply, which include the USEPA
emission standards for new sources, the PSD regulations, and Title VV permits. Both PSD and
Title V requirements apply to major sources that, depending on the source type, could potentially
emit more than either 100 tpy or 250 tpy of a criteria pollutant. Which threshold applies to a
particular source, how the potential emissions are calculated, and what controls are required if
the applicable threshold is exceeded are all issues determined in discussions with regulators
during the air permit application and approval process (MMS 2007c).

The USEPA has established NAAQS for six criteria pollutants — nitrogen dioxide
(NO»), sulfur dioxide (SO»), particulate matter (PM; PM1g, PM with an aerodynamic diameter of
10 pum or less; and PM2 5, PM with an aerodynamic diameter of 2.5 um or less), carbon
monoxide (CO), lead (Pb), and ozone (O3) — because of their potential adverse effects on
human health and welfare. The health and environmental effects of air pollutants have been
summarized by the USEPA (USEPA 2011a). Ambient levels of criteria pollutants except Pb can
contribute to respiratory illnesses, especially in persons with asthma, children, and the elderly,
and PM and CO can also aggravate cardiovascular diseases.

Ozone Formation. Og3 in the atmosphere is formed by photochemical reactions
involving primarily nitrogen oxides (NOy) and volatile organic compounds (VOCs). It is formed
most readily in the summer season, with high temperatures, lower wind speeds, intense solar
radiation, and an absence of precipitation; high O3 episodes are typically associated with slow-
moving, high-pressure systems characterized by light winds and a shallow boundary layer
(NRC 1992). Og3 can irritate the respiratory system, reduce lung function, and aggravate asthma.
Repeated exposure to O3 pollution for several months may cause permanent lung damage.
Children, adults who are active outdoors, and people with respiratory problems are the most at
risk from high O3. High levels of O3 are also accompanied by a mix of organic radicals, which
also causes adverse health effects. Ogs interferes with the ability of plants to produce and store
food, which makes them more susceptible to disease, insects, other pollutants, competition, and
harsh weather. It may also cause damage to the leaves of trees and other plants, thereby
affecting the health and appearance of vegetation in cities, National Parks, and recreation areas.
O3 may reduce forest growth and crop yields, potentially affecting species diversity in
ecosystems (USEPA 2011a).

Acid Deposition and Visibility. Gaseous pollutants undergo various chemical reactions
in the atmosphere to form small particles, which remain airborne for extended periods of time.
NOyx compounds react with ammonia and moisture to form ammonium nitrate particles, which

contribute to PM> 5 concentrations. SO, combines with moisture to form tiny sulfate particles,
which may also contribute to adverse health effects. In addition, gaseous NOy and SO» can

dissolve into cloud water. These acidic chemicals eventually return to the ground in either wet
(e.q., rain, snow) or dry (e.g., gases, particles) forms, commonly referred to as acid deposition or
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acid rain (USEPA 2011b). Dry deposition is equally as important as wet deposition. The
deposition often takes place hundreds of kilometers from the source. Acid deposition can
damage forests and crops, change the makeup of soil, and may, in some cases, make lakes and
streams acidic and unsuitable for fish. Deposition of nitrogen from NOy emissions also
contributes to nitrogen load in water bodies, especially estuaries and near-coastal ecosystems.
Acid deposition accelerates the decay of building materials and paints, including irreplaceable
monuments, statues, sculptures, and other cultural resources. Particulate matter, including
sulfate and nitrate particles and organic aerosols that form part of photochemical smog,
significantly reduce atmospheric visibility in areas including National Parks, Monuments, and
Wilderness Areas (USEPA 2011b).

In general, the most important source of visibility degradation is from PM> 5 in the 0.1 to
1 um size range, which covers the range of visible light (0.4-0.7 um) (Malm 1999). These
particles are directly emitted into the atmosphere through fuel burning. However, other sources
arise through chemical transformation of NO», SO», and VOC:s into nitrates, sulfates, and
carbonaceous particles. EXxisting visibility in the eastern United States, including the GOM
States, is impaired due to PM> 5 containing primarily sulfates and carbonaceous material. High
relative humidity (over 70%) can play an important factor in visibility impairment, especially in
the GOM coastal areas, where relative humidity is higher than 70% throughout the year. These
particles are generally hygroscopic, and thus the absorption of water by the particulate matter
makes them grow to a size that enhances their ability to scatter light and hence aggravates
visibility reduction. Over the open waters of the GOM, a study of visibility from platforms off
Louisiana revealed that significant reductions in Louisiana coastal and offshore visibility are
almost entirely due to transient natural occurrences of fog (Hsu and Blanchard 2005). Episodes
of haze are short-lived and affect visibility much less. Offshore haze can result from plume drift
generated from coastal sources (MMS 2007c).

4.4.4.1.1 Routine Operations.

Under the proposed action, construction and operation of up to 2,100 exploration and
delineation wells, up to 2,600 development and production wells, and up to 12,100 km
(7,500 mi) of new pipeline as well as up to 12 new pipeline landfalls, up to 6 new pipe yards, and
up to 12 new natural gas processing facilities and the removal of up to 275 platforms with
explosives will result in emissions that could affect air quality in the GOM. These activities
would generate emissions from stationary sources at the drilling/well sites and from support
vessels and aircraft over the 40- to 50-year period of the Program (Table 4.4.1-1). There could
be up to 600 vessel trips/wk and 5,500 helicopter trips/wk under the proposed action.

Emissions. The type and relative amounts of air pollutants generated by offshore
operations vary according to the phase of activity. There are three principal phases of oil and gas
activities operations: exploration, development, and production. Activities affecting air quality
include seismic surveys, drilling activities, platform construction and emplacement, pipeline
laying and burial operations, platform operations, flaring, fugitive emissions, support vessel and
helicopter operations, and evaporation of VOCs during transfers and spills. Principal emissions
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TABLE 4.4.4-1 Estimated Highest Annual Air Emissions from OCS Activities in the Gulf of Mexico Planning Areas,
Proposed 2012-2017 Leasing Program

Pollutant (tons/yr)

Activity NOx SOy PMg PM> 5 VOC Cco
Exploration/Delineation Well Drilling ~ 15,359-29,4032  1,956-3,745 271-518 267-511 364-696 3,662-7,002
Development/Production Well Drilling ~ 8,190-15,529 1,043-1,978 144-274 142-270 194-368 1,952-3,698
Platform Installation and Removal 540-998 77-142 18-21 18-23 18-23 98-129
Pipeline Installation 3,180-9,939 540-1,688 120-375 120-375 120-375 660-2,063
Production Platforms 11,634-21,887 284-535 108-204 107-202 7,432-13,981  13,031-24,514
Support Vessels 20,943-39,400  2,822-5,309 363-682 363-682 363-682 1,995-3,753
Helicopters 173-325 43-80 34-63 34-63 417-785 2,112-3,973
Tankers Loading 0-326 0-55 0-12 0-12 0-2,456 0-68
Tankers in Transit 0-7,035 0-853 0-107 0-107 0-2,164 0-586
Tankers Unloading 0-326 0-55 0-12 0-12 0-1,162 0-68
Total 60,019-125,167 6,765-14,440 1,058-2,268  1,051-2,257  8,907-22,692  23,510-45,853

& The range of values reflects the low and high end of the exploration and development scenarios for the Program.
Source: Herkhof 2011; Wilson et al. 2010.
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of concern are the criteria pollutants and their precursors: NOy, sulfur oxides (SOx),13 PM1g and
PMy 5, CO, and VOC. Releases of toxic chemicals could be a concern around oil spills and
in situ burning and especially during accidental releases of hydrogen sulfide (H»S) at platforms.

Wilson et al. (2010) provided a comprehensive emission inventory of oil and gas
activities in the GOM for the year 2008, showing that support vessels and platforms rank first
and second, respectively, as NOy emitters with natural gas engines being the largest source on
platforms. Support vessels are the largest SOy emitters, while the drilling rigs also emit
significant SOx. Albeit small, the primary SOy sources on platforms are diesel engines used in
drilling. The largest sources of PM1q are support vessels, drilling rigs, and production platforms.
VVOCs come mostly from production platforms, where the primary sources are cold vents,
followed by fugitive sources. Fugitive sources include oil and gas processing, pump and
compressor seals, valves, connectors, and storage tanks. Natural gas engines on platforms
account a considerable portion of CO emissions (Wilson et al. 2010).

Air emissions from the proposed action were estimated using the most recently available
exploration and development scenario for 2012-2017, as shown in Table 4.4.4-1. These
emissions were estimated by BOEM (Herkhof 2011) using emission factors from the 2008
Gulfwide Emission Inventory Study (Wilson et al. 2010).

In terms of absolute amounts, the largest emissions would be NOy followed by CO, with
lesser amounts of VOC, SOy, PM1g, and PM> 5 in order of descending emissions. Under both
the high and low scenarios, support vessels would be the largest source of NOy, SOy, PM1g, and
PM2> 5 and production platforms would be the largest source of VOC and CO. Emissions from
the Program would initially be lower in the first few years as exploratory wells were drilled and
platforms started producing oil and gas. During the last half of the Program, emissions would
decrease as production decreased and some platforms were removed (MMS 2007c).

It is estimated that about 10% of the crude oil produced in deep water in the GOM would
be transported to shore via tanker, while in shallow waters about 1% of production would be
transported by barge. The transport of crude oil would result in VOC emissions from loading
operations and breathing losses during transit. VOC emissions would also occur during
unloading and ballasting in port. There would also be emissions of NOy, SO, and PM1g from
the ships’ engines (MMS 2007c).

Impacts on Criteria Pollutants Other Than Ozone. BOEM performed a cumulative
air quality modeling analysis of platform emissions in a portion of the GOM in 1992
(MMS 1997b). The area modeled included most of the coastline of Louisiana and extended
eastward to include coastal Mississippi and Alabama. Facility emissions were obtained from the
emissions inventory used in the GOM air quality study (MMS 1995b). The emission values
were multiplied by a factor of 1.4 to account for growth. The modeled onshore annual average
NO> concentrations were generally somewhat greater than 1 microgram per cubic meter (ug/m3).
The highest values appeared in the Mississippi River Delta region, where a maximum

13 sulfur dioxide (SOy) belongs to the family of sulfur oxides (SOy). For emissions, SO, accounts for most of
SOy, and thus these are used interchangeably.
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concentration of 6 ng/m3 was calculated, which is 6% of the national standard for NO,. The
highest predicted annual, maximum 24-hr, and maximum 3-hr average SO, concentrations were
1.1, 13, and 98 pg/m3, respectively. These values are 1, 4, and 7% of the NAAQS for the
respective averaging periods. Modeling was not performed for PM1g or PM2 5, but the
concentrations would be lower because of lower emission rates. The projected emissions for the
proposed action would be lower than the emissions used in the modeling and scattered further
offshore; thus, the impacts would be correspondingly lower. EXisting concentrations of NO»,
SOy, PM1g, and PM3 5 in the GOM coast States are well within the NAAQS, so emissions from
the proposed action would not result in any exceedance of the NAAQS.

The highest predicted NO> and SO2 concentrations in the 1992 emissions modeling were
well within the maximum allowable PSD Class Il increments for those pollutants. Any
concentrations resulting from the emissions associated with the proposed action should also be

within the PSD Class Il increments.

The maximum allowable increase for the annual average NO2 concentration in the Class |
Breton National Wilderness Area (NWA\) is 2.5 ug/m3. The highest predicted annual average
NO; concentration in Breton from the year 1992 emission sources was 3.6 ug/m3, which exceeds
the Class I increment and indicates that the question of increment consumption at Breton NWA

could be of concern (MMS 2007c, 1997b).

The highest predicted SO»
concentrations in Breton NWA were 0.3, 4.5,
and 9.7 pug/m3 for the annual, maximum 24-hr
average, and maximum 3-hr average
concentrations, respectively. The maximum
allowable concentration increases for PSD
Class I areas are 2.0, 5.0, and 25 pg/m3,
respectively. Based on this result, SO2
concentrations from the proposed action would
be within the Class | maximum allowable
increases (MMS 1997b, 2007c¢).

Because of continuing concern about
the combined impact of offshore and onshore
emission sources on the PSD Class | increments
in Breton NWA, BOEMRE has collected an
emission inventory for OCS facilities located
within 100 km (62 mi) of the Breton Class |
area. A modeling study (2000-2001) to the
baseline years (1977 for SO, and 1988 for
NO3) revealed that none of the allowable SO,
or NO2 increments had been fully consumed
(Wheeler et al. 2008). The maximum annual,

Comparing Impacts to PSD Increments

Several points should be considered when air
quality impacts are compared to PSD increments.
First, the PSD program applies to individual
sources, not programs. Emissions from an
individual source such as a platform or set of
platforms could differ from the emissions being
modeled in a particular study. Second, increment
tracking is a cumulative process that sets a
maximum allowable increase above a baseline
concentration. It is unlikely that a permitting
agency would permit a single source to consume
all of the increment. Last, PSD applies only to
major sources, generally sources with the potential
to emit more than 250 tons/yr, except for the

100 tons/yr threshold for 28 source categories.
OCS oil and gas production activities are subject to
a 250 tons/yr threshold. Regardless of the actual
emissions, a source’s potential emissions could
exceed the 250 tons/yr threshold. Determining
potential emissions and available PSD increment
allowances requires consultation with the
cognizant regulators.

24-hr, and 3-hr SO2 increments consumed with the Breton NWA were —-1.07, 1.18, and
1.80 pg/m3, respectively. A decrease in annual SO, concentration resulted from a general
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decrease in SO2 emissions from onshore and offshore sources since 1977. The maximum
allowable concentration increases for PSD Class | areas are 2.0, 5.0, and 25 pg/m3, respectively.
The maximum annual NO increment consumed within the Breton NWA was 0.10 pg/m3, for
which the maximum allowable NO5 increment is 2.5 ug/m3. In addition, the BOEM consults
with the U.S. Fish and Wildlife Service (USFWS), the Federal land manager of the Breton NWA
area, for plans within 100 km (62 mi) of Breton that exceed a certain emission threshold.
Mitigation measures, such as the use of low-sulfur fuel, may be applied (MMS 2007c).

No modeling has been performed for CO. In OCS waters, CO emission sources less
than about 7,000 tons/year would not have any significant effect on onshore air quality and
are exempt from air quality review under BOEM air quality regulations (MMS 2007c). This is
based on air quality modeling that was performed to support the BOEM air quality rules. As
shown in Table 4.4.4-1, CO emissions from the proposed action are higher than 7,000 tons/year.
However, CO emissions are comparable to NO> and SO, emissions, and their associated impacts
are well within the NAAQS discussed above. In addition, CO standards (40,000 and
10,000 pg/m3 for 1- and 8-hr averages, respectively) are more than one order of magnitude
higher than those for NO2 and SO,. Therefore, no significant impacts from CO associated with
the proposed action would be anticipated.

Impacts on Ozone. As discussed in MMS (2007c¢), the impacts from OCS activities on
O3 were evaluated in the GOM air quality study (MMS 1995b). The study focused on the O3
nonattainment areas in southeast Texas and the Baton Rouge, Louisiana, areas. It was
determined through modeling that OCS sources contributed little to onshore O3 concentrations in
either of these areas. At locations where the model predicted 1-hr average O3 levels above
120 parts per billion (ppb), which was then the NAAQS, the OCS emissions contributed less
than 2 ppb to the total concentrations. These contributions occurred in only a small geographic
area during any particular episode. At locations where the model predicted O3 levels were much
less than 120 ppb, the highest OCS contributions were about 6-8 ppb. When the modeling was
performed after doubling the OCS emissions, the highest OCS contributions at locations where
the predicted O3 levels exceeded the standard was 2—4 ppb.

Again, as noted in MMS (2007c), more recent O3 modeling was performed using a
preliminary GOM-wide emissions inventory for the year 2000 to examine the O3 impacts with
respect to the 1997 8-hr O3 standard of 80 ppb (effective May 27, 2008, the 8-hr O3 standard was
lowered to 75 ppb). One modeling study focused on the coastal areas of Louisiana extending
eastward to Florida (Haney et al. 2004). This study showed that the impacts of OCS emissions
on onshore O3 levels were very small, with the maximum contribution of 1 ppb or less at
locations where the standard was exceeded. The other modeling effort dealt with O3z levels in
southeast Texas (Yarwood et al. 2004). The results of this study indicated a maximum
contribution of 0.2 ppb or less to areas exceeding the standard.

Due to the complex, nonlinear nature of the photochemical production of ozone in the
atmosphere, changing emissions of ozone precursors by a given percentage may not produce a
corresponding percentage change in O3 concentrations. However, the projected emissions from
the proposed action would be smaller than the emissions used in the models to ensure that
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contributions to O3 levels from actions associated with the proposed action would be smaller
than the figures above.

Impacts on Visibility. The application of the VISCREEN visibility screening model
(USEPA 1992) to individual OCS facilities has shown that the emissions are not large enough to
significantly impair visibility. It is not known to what extent aggregate OCS sources contribute
to visibility reductions. However, the individual emission sources from the proposed action are
relatively small and scattered over a large area, and it is not expected that they would have a
measurable impact on acid deposition or visibility. The impacts on visibility would be negligible
(MMS 2007c).

Greenhouse Gas Emissions and Climate Change. Estimates were made of the total
greenhouse gas (GHG) emissions of CO2, CHg, and N»O for all projected OCS oil and gas
Program activities (Herkhof 2011). Emission estimates for the various activities were largely
based on a comprehensive inventory of air emissions from oil and gas activities in the GOM for
2008 (Wilson et al. 2010). Air emissions resulting from the Program were estimated by
considering the exploration and development scenarios presented in Table 4.4.4-1. Emissions
are given in terms of teragrams (Tg) of COp-equivalent, where one Tg is 1012 g (106 metric
tons). This measure takes into account a global warming potential (GWP) factor, which accounts
for the relative effectiveness of a gas to contribute to global warming with respect to the same
amount CO». In these calculations, CHg is given a GWP of 21, while N2O is given a GWP
of 310.

Table 4.4.4-2 lists the total calculated emissions of CO2, CHg4, and N2O from activities
associated with the Program and compare them with current (2009) U.S. greenhouse gas
emissions from all sources (USEPA 2011l). The projected CO, emissions from the Program are
about 0.068-0.14% of all current CO2 emissions in the United States. The Program CHg
emissions are about 0.087-0.17% of the current CH, emissions in the United States, which is
slightly higher than that for CO,. The projected N2O emissions from the Program are about
0.009-0.020% of all current NoO emissions in the United States. 1f CO2, CHg4, and N2O
emissions are combined, the Program emissions are about 0.067-0.14% and 0.066-0.13% of the
Nationwide total of three GHG emissions and of all GHG emissions, respectively. The estimated
total global GHG emissions in 2005 were approximately 38,726 Tg CO2-equivalent
(74 FR 66539). The estimated Program GHG emissions are about 0.011-0.023% of the total
global GHG emissions.

As noted in Section 3.3, GHG emissions are one of the causes of climate change.
Climate change is a global phenomenon and predicting climate change impacts requires
consideration of large scale or even worldwide GHG emissions, not just emissions at a local
level. Climate change predictive capability (modeling) lacks the ability to estimate the impact of
GHGs from a particular source or sources such as oil and gas activities associated with the
Program. What their impact, if any, would be is determined not only by the emissions from the
oil and gas activities themselves, but also by the GHG emissions of other sources throughout the
world and whether these other emissions are expected to increase or decrease. In addition, since
some GHG gases, such as CO», may persist in the atmosphere for up to a century, the potential
impacts of any source may extend well beyond the active lifetime of the source or program. This
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TABLE 4.4.4-2 Projected Greenhouse Gas Emissions from Oil and Gas Activities in
the Gulf of Mexico Planning Areas, 2012-2017 Leasing Program

Total 2009 U.S. Emissions ~ 2012-2017 Program as

2012-2017 Program from All Sources Percentage of Total 2009
Pollutant (Tg CO,-equivalent)? (Tg CO,-equivalent) U.S. Emissions
CO, 3.75-7.65 5,505.2 0.068-0.39
CHy 0.59-1.14 686.3 0.087-0.166
N,O 0.03-0.06 295.6 0.009-0.020
CO, + CHg + N2O 4.37-8.85 6,487.1 0.067-0.136
All GHGP 4.37-8.85 6,633.2° 0.066-0.133

2 One Tg is equal to 1012 g, or 106 metric tons. The CO,-equivalent for a gas is derived by
multiplying the mass of the gas by the associated GWP, which accounts for the relative
effectiveness of a gas to contribute to global warming with respect to the same amount CO». In
these calculations, CHy4 is given a GWP of 21, while N,O is given a GWP of 310.

b Total U.S. GHG emissions also include hydrofluorocarbons, perfluorocarbons, and sulfur
hexafluoride emissions. Estimates of emissions from the Program were not made for these
compounds, but they are assumed to be very small.

Source: USEPA 2011l; Herkhof 2011.

said, given the small percentage contributions of oil and gas activities in the GOM to global
GHG emissions, the potential impact on climate change would probably be small. Section 3.3
provides some baseline considerations for climate change and Section 4.4.3 and Sections 4.4.6
through 4.4-15 discuss potential impacts to specific impact areas.

4.4.4.1.2 Accidents.

Under the proposed action, the number and types of spills assumed to occur in the GOM
include up to eight large spills (>1,000 bbl) from both pipeline and platforms including one
tanker spill and between 235 and 470 small spills (<1,000 bbl) over the 40- to 50-year period of
the Program (Table 4.4.2-1). Evaporation of oil from these spills and emissions from spill
response and cleanup activities including in situ burning, if used, have the potential to affect air
quality in the GOM.

Spills and In Situ Burning. Evaporation of small accidental oil spills would cause
small, localized increases in VOCs. Most of the emissions would occur within a few hours of
the spill and would decrease after that period. Large spills would result in emissions over a large
area and a longer period of time. Hanna and Drivas (1993) modeled the emissions of various
hydrocarbon compounds from a large spill. A number of these compounds, including BTEX and
hexane, are classified by the USEPA as hazardous air pollutants. The results showed that these
compounds evaporate almost completely within a few hours after the spill occurs. Ambient
concentrations peak within the first several hours after the spill starts and are reduced by two
orders of magnitude after about 12 hr. The heavier compounds take longer to evaporate and may
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not peak until about 24 hr after spill occurrence. Total ambient VOC concentrations are
significant in the immediate vicinity of an oil spill, but concentrations are much reduced after the
first day (MMS 2007c). Spreading of the spilled oil and action by winds, waves, and currents
would further disperse VOC concentrations to extremely low levels over a relatively larger area.
Concentrations of criteria pollutants would remain well within NAAQS (MMS 2008Db).

Diesel fuel oil could be spilled either in transit or from accidents involving vehicles,
vessels, or equipment. A diesel spill would evaporate faster than a crude oil spill. Ambient
hydrocarbon concentrations would be higher than those of a crude oil spill but would persist for a
shorter time. Also, because any such spill probably would be smaller than some potential crude
oil spills, any air quality effects from a diesel spill likely would be lower than those for other
spills (MMS 2008b).

In situ burning of spilled crude or diesel would generate a plume of black smoke and
emissions of NO», SO», CO, PM1q, and PM> 5 that would temporarily affect air quality, but the
effects would be small. Fingas et al. (1995) describe the results of a monitoring program of a
burn experiment at sea. The program involved extensive ambient measurements during two
experiments in which approximately 300 bbl of crude oil was burned. During the burn, CO,
S0O2, and NO» were measured only at background levels and were frequently below detection
levels. Ambient levels of VOCs were high within about 100 m (328 ft) of the fire, but were
significantly lower than those associated with a nonburning spill. It appeared that a major
portion of these compounds was consumed in the burn. Effects of in situ burning for spilled
diesel fuel would be similar to those associated with a crude oil spill (MMS 2008b).

A significant component of the pollution from a fire would be soot. Soot would cling
to plants near the fire but would tend to clump and wash off vegetation in subsequent rains.
Potential contamination of shoreline and onshore vegetation would be limited, however, because
oil and gas activities under the proposed action would be at least 15 km (8 NM) offshore, with
the exception of any oil- or gas-transport pipelines (MMS 2008b).

Smoke from burning crude oil would contain PAHs. Benzo(a)pyrene, which often is
used as an indicator of the presence of carcinogenic varieties of PAHSs, is present in crude oil
smoke in very small amounts, but in quantities approximately three times larger than in unburned
oil (Evans 1988). Investigators have found that, overall, the oily residue in smoke plumes from
crude oil is mutagenic, although not highly so. McGrattan et al. (1995) modeled smoke plumes
associated with in situ burning. Modeling has shown that the surface concentrations of
particulate matter do not exceed the health criterion of 150 ug/m3 beyond about 5 km (3 mi)
downwind of an in situ burn. This result appears to be supported by field experiments conducted
off Newfoundland and in Alaska (MMS 2007c). This is quite conservative, as this health
standard is based on a 24-hr average concentration rather than a 1-hr average concentration.

Catastrophic Discharge Events. In the GOM, a low-probability CDE event could range
in size from 900,000 and 7,200,000 bbl, and have a duration of 30-90 days (Table 4.4.2-2).
Evaporation of oil from these spills and emissions from spill response and cleanup activities
including in situ burning, if used, have the potential to affect air quality in the GOM.
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In a catastrophic discharge event, oil may be burned to prevent it from entering sensitive
habitats. During an in situ burn, the conditions exist (i.e., incomplete hydrocarbon combustion
and the presence of chlorides in seawater) such that dioxins and furans could potentially form.
(Dioxins and furans are a family of extremely persistent chlorinated compounds that magnify in
the food chain, and dioxins are a group of potentially cancer-causing chemicals.) A total of
410 controlled burns (corresponding to about 5% of the total leaked oil) were conducted during
the DWH event (Lubchenco 2010). Measurements of dioxins and furans during the DWH event
in situ burning were made and their emission factors were derived (Aurell and Gullett 2010).
The estimated levels of dioxins and furans produced by the in situ burns were similar to those
from residential woodstove fires and slightly lower than those from forest fires, according to
USEPA researchers (Schaum et al. 2010), and thus, concerns about bioaccumulation in seafood
were alleviated. The reports found that while small amounts of dioxins were created by the
burns, the levels that workers and residents would have been exposed to were below USEPA’s
levels of concern.

The effects of a catastrophic discharge event on public health and the environment can be
classified as short-term and long-term effects. The short-term effects include watery and irritated
eyes, skin itching and redness, coughing, and shortness of breath or wheezing.

Although there are relatively few studies on air quality impacts to human health
following oil spills, some lessons can be learned from the 1991 Kuwaiti oil field fires and the
effects of oil burning during the DWH event. In the Kuwaiti event, 600 oil wells were set on
fire. These burnings produced a composite smoke plume of gaseous constituents (e.g., NOy,
SOy, COy, etc.), acid aerosols, VOCs, metal compounds, PAHSs, and particulate matter. Military
personnel deployed to the Persian Gulf War have reported a variety of symptoms attributed to
their exposures, including asthma and bronchitis, but Lange et al. (2002) did not find that
exposures to oil fire smoke caused respiratory symptoms among veterans.

There would be some residual air quality impacts after the well is capped or “killed.” As
most of the oil would have been burned, evaporated, or weathered over time, air quality would
return to pre-oil spill conditions. While impacts on air quality are expected to be localized and
temporary, adverse effects that may occur from the exposure of humans and wildlife to air
pollutants could have long-term consequences (BOEMRE 2011).

Hydrogen Sulfide. An accidental release of HyS in the atmosphere could present a
serious hazard to platform workers and persons in close proximity to a platform. H»,S
concentrations of 20 ppm, the OSHA ceiling level that must not be exceeded during any part of
the workday, causes irritation to exposed persons within minutes and concentrations of 500 ppm
are deadly. All OCS operators involved in production of sour gas or oil that could result in
atmospheric H2S concentrations above 20 ppm are required to file an H»S Contingency Plan
with BOEM. The plan contains measures to prevent serious injury or death to personnel. Under
a worst-case scenario of an accidental release at a very large facility with a throughput of
100 million cubic feet of gas per day with high HoS concentration levels (on the order of
20,000 ppm), near-calm wind, and stable atmospheric conditions, the HoS levels are predicted to
be 500 ppm at about 1 km (0.6 mi) from the facility and 20 ppm at several kilometers from the
source (MMS 2001c). Most “sour gas” facilities have H2S concentrations below 500 ppm,
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which would result in HoS levels of 20 ppm that are confined to an area within the dimensions of
a typical platform (MMS 2007c).

In the case of an aquatic H»S release, the gas is soluble in water, so a small gas leak
would result in almost complete dissolution into the water column. Larger leaks would result in
less dissolution and could result in release into the atmosphere if the surrounding waters reach
saturation. Because the oxidation of H»S in water takes place slowly, there should not be any
appreciable zones of hypoxia. HyS levels can have adverse impacts on mammals, birds, and fish
(MMS 2001c).

4.4.4.2 Alaska — Cook Inlet

The OCS facilities located off the coast of Alaska would be under the jurisdiction of the
USEPA, which regulates air emissions as prescribed in 40 CFR Part 55. For facilities located
within 40 km (25 mi) of a State’s seaward boundary, the regulations are the same as would be
applicable if the emission source were located in the corresponding onshore area, and would
include State and local requirements for emission controls, emission limitations, offsets,
permitting, monitoring, testing, and reporting. For facilities located more than 40 km (25 mi)
from a State’s seaward boundary, the basic Federal air quality regulations apply, including the
USEPA emission standards for new sources, PSD regulations, and Title V permits. Both PSD
and Title V requirements apply to major sources that, depending on the source type, could
potentially emit more than either 100 tons/yr or 250 tons/yr of a criteria pollutant. Which
threshold applies to a particular source, how the potential emissions are calculated, and what
controls are required if the applicable threshold is exceeded are all issues determined in
discussions with regulators during the air permit application and approval process.

The USEPA has established NAAQS for six criteria pollutants — NO», SO, PM1g and
PM> 5, CO, Pb, and O3 — because of their potential adverse effects on human health and
welfare. The health and environmental effects of air pollutants have been summarized by the
USEPA (USEPA 2011a). Ambient levels of criteria pollutants other than Pb can contribute to
respiratory illnesses, especially in persons with asthma, children, and the elderly, and PM and
CO can also aggravate cardiovascular diseases.

Ozone Formation. Ogs in the atmosphere is formed by photochemical reactions
involving primarily NOy and VOCs. It is formed most readily in the summer season, with high
temperatures, lower wind speeds, intense solar radiation, and an absence of precipitation; high-
O3 episodes are typically associated with slow-moving, high-pressure systems characterized by
light winds and shallow boundary layers (NRC 1992). However, conditions in Alaska are
seldom favorable for significant O3 formation, primarily due to low ambient temperature. At
Kodiak, for example, the highest monthly mean daily maximum of 61.0°F occurs in August,
when the highest temperature is 86°F (NCDC 2011a).

Acid Deposition and Visibility. Gaseous pollutants undergo various chemical reactions

in the atmosphere to form small particles, which remain airborne for extended periods of time.
NOyx compounds react with ammonia and moisture to form ammonium nitrate particles, which
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contribute to PM> 5 concentrations. SO, combines with moisture to form tiny sulfate particles,
which may also contribute to adverse health effects. In addition, gaseous NOy and SO» can
dissolve into cloud water. These acidic chemicals eventually return to the ground in either wet
(e.g., rain, snow) or dry (e.g., gases, particles) forms, commonly referred to as acid deposition or
acid rain (USEPA 2011b). Dry deposition and wet deposition are equally important. The
deposition often takes place hundreds of miles from the source. Acid deposition can damage
forests and crops, change the makeup of soil, and in some cases may make lakes and streams
acidic and unsuitable for fish. Deposition of nitrogen from NOy emissions also contributes to
nitrogen load in water bodies, especially estuaries and near-coastal ecosystems. Acid deposition
accelerates the decay of building materials and paints, including those of irreplaceable
monuments, statues, sculptures, and other cultural resources. Particulate matter, including
sulfate and nitrate particles and organic aerosols that form part of photochemical smog,
significantly reduce atmospheric visibility. Atmospheric pollutants adversely affect visibility in
many national parks and monuments, as well as wilderness areas (USEPA 2011b).

The most important source of visibility degradation is from PMy 5 in the 0.1- to 1-um
size range, which covers the range of visible light (0.4-0.7 um) (Malm 1999). These particles
are directly emitted into the atmosphere through fuel burning. However, other sources arise
through the chemical transformation of NOy, SO, and VOCs into nitrates, sulfates, and
carbonaceous particles. EXxisting visibility in Alaska is generally good because of the absence of
large emission sources.

Arctic Haze. Arctic haze is a reduction in visibility that often appears in distinct bands
at different heights. It was initially observed during weather reconnaissance flights in the High
Arctic. The haze is seasonal, with a peak in the spring, and originates from anthropogenic
sources outside the Arctic. The most severe episodes occur when stable high-pressure systems
produce clear, calm weather; these episodes can reduce visibility (~30.6 km [~19 mi]) in spite of
the otherwise clear weather. Coal burning appears to be the principle source of haze particles.
Haze particles consist of sulfate (up to 90%), soot, and sometimes dust, most of which originate
in Eurasia and are picked up by the Arctic airmass that moves northward over the North Pole in
winter. The cold, dry air in the polar regions allows particles to remain airborne for weeks, thus
permitting the contaminants to spread over the Arctic and into North America. Arctic haze
reduces visibility, but the levels of sulfur compounds in haze are lower than those found in
heavily polluted cities (AMAP 1997).

4.4.4.2.1 Routine Operations. The Cook Inlet OCS experiences open-water conditions
throughout the year, except in small northern portions of the planning area from January to
March (MMS 2003a).

Under the proposed action, construction and operation of up to 12 exploration and
delineation wells, up to 114 development and production wells, up to 241 km (150 mi) of new
offshore pipeline, up to 169 km (105 mi) of new onshore pipeline, and up to 1 new pipeline
landfall will result in emissions that could affect air quality in Cook Inlet. These activities would
generate emissions from stationary sources at the drilling/well sites and from support vessels and
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aircraft over the 40-year period of the Program (Table 4.4.1-3). There could be up to 3 vessel
trips/wk and 3 helicopter trips/wk under the proposed action.

Emissions. The type and relative amounts of air pollutants generated by offshore
operations vary according to the phase of activity. There are three principal phases of OCS
operations: exploration, development, and production. Activities affecting air quality include
seismic surveys; drilling activities; platform construction and emplacement; pipeline laying and
burial operations; platform operations; flaring; fugitive emissions; support vessel and helicopter
operations; and evaporation of VOCs during transfers and spills. Principal emissions of concern
are the criteria pollutants and their precursors: NOy, SO2, PM1g, and PM> 5, CO, and VOCs.

Releases of toxic chemicals could be a concern around oil spills and in situ burning and
especially during accidental releases of H,S at platforms. Other sources of pollutants related to
OCS operations are accidents such as losses of well control and oil spills. Spill emissions consist
primarily of VOCs, while fires and in situ burning produce criteria pollutants along with
hazardous air pollutants.

Air emissions from the proposed action in the Cook Inlet were estimated using the
most recent available exploration and development scenarios for 2012-2017 as shown in
Table 4.4.4-3. These emissions were estimated by BOEM (Herkhof 2011) using emission
factors from the 2008 Gulfwide Emission Inventory Study (Wilson et al. 2010). Although the
study is specific to the GOM, these factors should be applicable in the Cook Inlet, since many of
the same types of sources are involved in oil and gas activities in both areas.

TABLE 4.4.4-3 Estimated Highest Annual Air Emissions from OCS Activities in the Cook
Inlet Planning Area, Proposed 2012-2017 Leasing Program

Pollutant (tons/yr)

Activity NOy SOy PM1q PMy g VOC CO
Exploration/Delineation Well Drilling 38-382 8-8 3-3 3-3 -7 0-0
Development/Production Well Drilling ~ 229-382 46-77 16-27 16-27 41-68 1-2
Platform Installation and Removal 213-213 31-31 5-5 5-5 5-5 28-28
Pipeline Installation 331-663 56-113 13-25 13-25 13-25 69-138
Production Platforms 53-53 1-1 0-0 0-0 34-34 60-60
Support Vessels 96-96 13-13 2-2 2-2 2-2 9-9
Helicopters 1-1 0-0 0-0 0-0 2-2 10-10
Tankers Loading 0-0 0-0 0-0 0-0 0-0 0-0
Tankers in Transit 0-0 0-0 0-0 0-0 0-0 0-0
Tankers Unloading 0-0 0-0 0-0 0-0 0-0 0-0
Total 961-1,445 156-243  39-62 39-62 103-143 177-246

& The range of values reflects the low and high end of the exploration and development scenarios for the
Program.

Source: Herkhof 2011; Wilson et al. 2010.
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Oil and gas activity emissions from the Program for the Cook Inlet are relatively small in
comparison to those other planning areas. For all pollutants under both low and high scenarios,
Cook Inlet emissions are 4% or less of the GOM emissions. They are up to 12% of Arctic
regions emissions. In terms of absolute amount, the main emissions would be NOy followed by
CO, with lesser amounts of SOy, VOCs, PM1g and PM> 5 in order of descending emissions.
Emissions from the Program would initially be lower in the first few years as exploratory wells
were drilled and platforms started producing oil and gas. During the last half of the 40-yr
Program, emissions would decrease as production decreased and some platforms were removed

(MMS 2007c¢).

Impacts on Criteria Pollutants Other
Than Ozone. Air quality modeling for NOo,
SO,, and PM1g were conducted for a lease sale
in the Cook Inlet Planning Area (MMS 2003a).
Potential air quality impacts were estimated by
using the Offshore and Coastal Dispersion
model for both exploratory drilling and a
production facility. Potential emission sources
were placed so as to maximize potential air
quality impacts on the Tuxedni Wilderness
Area (WA), which isa PSD Class | area in the
Cook Inlet. The highest predicted NO>
concentration in the Tuxedni WA was
0.27 pug/m3, about 11% of PSD Class |
maximum allowable increment of 2.5 pug/m3,
For SOy, the highest predicted annual average,
maximum 24-hr, and maximum 3-hr average
concentrations in the Tuxedni WA were 0.02,
0.58, and 2.7 ug/m3, respectively, for which
PSD Class I incremental limits are 2, 5, and
25 ug/m3. For PM1, the highest annual
average and 24-hr average concentrations in
Tuxedni WA were predicted to be 0.02 and

Comparing Impacts to PSD Increments

Several points should be considered when air
quality impacts are compared to PSD increments.
First, the PSD program applies to individual
sources, not programs. Emissions from an
individual source such as a platform or set of
platforms could differ from the emissions being
modeled in a particular study. Second, increment
tracking is a cumulative process that sets a
maximum allowable increase above a baseline
concentration. It is unlikely that a permitting
agency would permit a single source to consume
the entire increment. Last, PSD applies only to
major sources, generally sources with the potential
to emit more than 250 tons/yr, except the

100 tons/yr threshold for 28 source categories.
OCS oil and gas production activities are subject to
a 250 tons/yr threshold. Regardless of the actual
emissions, a source’s potential emissions could
exceed the 250 tons/yr threshold. Determining
potential emissions and available PSD increment
allowances require consultation with the cognizant
regulators.

0.51 pg/m3, for which PSD Class | incremental limits are 4 and 8 pg/m3. The highest onshore
pollutant concentrations were lower than or comparable to those in the Tuxedni WA and thus
less than the NAAQS and the PSD Class Il incremental limits.

Each project in the Program would apply the best available control technology according
to USEPA and State regulations, and pollutant concentrations would have to meet the PSD
incremental limits. Existing pollutant concentrations in the Cook Inlet are well within the
NAAQS (MMS 2003a). The small additional concentrations from the Program would result in

levels that are still well within the NAAQS.

Impacts on Ozone. As noted above, conditions in Alaska are seldom favorable for
significant O3 formation because of the low ambient temperature. Precursor emissions NOy and
VOCs are relatively small, and a significant increase in O3 concentrations onshore is not likely to
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result from oil and gas activities associated with the proposed action. OCS activities would also
be relatively small and separated from each other, diminishing the combined effects from these
activities and greatly increasing atmospheric dispersion of pollutants before they reach shore.
The proposed activities would not be expected to cause any exceedances of the O3 standard
(MMS 2008b).

Impacts on Visibility. A number of visibility screening runs were performed using the
VISCREEN model to evaluate potential effects of oil and gas activities on visibility in the
Tuxedni WA (MMS 2003a). For an exploration project located 12 km (7.5 mi) distant from the
Tuxedni WA, the model results exceed the screening criteria when the wind blows directly from
the facility to the Tuxedni WA, under the worst-case meteorological conditions with a wind
speed of 1 m/s (2.2 mph) and stable atmosphere. If the screening criteria are exceeded, it
indicates the possibility that a plume generated by the emissions would be visible by an observer
within Tuxedni WA. However, it does not provide a measure of any general visibility effects in
the area, such as regional haze. Itis estimated that this scenario would occur less than 1% of the
time. For distances larger than 50 km (31 mi), the screening criteria were not exceeded. Under
average meteorological conditions, it is estimated that a plume would not be visible.

Given that oil and gas sources are relatively small and would be scattered over a large
area, it is not expected that they would have a measureable impact on visibility. However, a
more refined analysis might be needed during the permitting process to more precisely evaluate
any effects of oil and gas activities on visibility.

Greenhouse Gas Emissions. Estimates were made of the total GHG emissions of CO»,
CHyg, and N»O for all projected activities associated with the Program (Herkhof 2011). Emission
estimates for the various activities were largely based on a comprehensive inventory of air
emissions from oil and gas activities in the GOM for 2008 (Wilson et al. 2010). Air emissions
resulting from the Program were estimated by considering the exploration and development
scenarios presented in Table 4.4.1-3. Emissions are given in terms of Tg of CO2-equivalent,
where 1 Tg is 1012 g (106 metric tons). This measure takes into account a GWP factor that
accounts for the relative effectiveness of a gas to contribute to global warming with respect to the
same amount of CO,. In these calculations, CHg4 is given a GWP of 21, while N2O is given a
GWP of 310.

Table 4.4.4-4 lists the total calculated emissions of CO2, CHg4, and N2O from activities
associated with the Program and compares them with current (2009) U.S. greenhouse gas
emissions from all sources (USEPA 2011l). The projected CO» emissions from the Program are
about 0.0025-0.0038% of all current CO» emissions in the United States. The Program CHy4 and
N2O emissions are about 0.0004% or less of the current their respective emissions in the
United States. If CO2, CHg4, and N2O emissions are combined, the Program emissions are about
0.0022-0.0033% and 0.0021-0.0032% of the nationwide total of three GHG emissions and of all
GHG emissions, respectively. The estimated total global GHG emissions in 2005 were
approximately 38,726 Tg CO»-equivalent (74 FR 66539). The estimated Program GHG
emissions are about 0.00036-0.00055% of the total global GHG emissions.
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TABLE 4.4.4-4 Projected Greenhouse Gas Emissions from Oil and Gas Activities in
the Cook Inlet Planning Area, 2012-2017 Leasing Program

Total 2009 U.S. Emissions 2012-2017 Program

2012-2017 Program from All Sources as Percentage of Total

Pollutant (Tg COy-equivalent)? (Tg COy-equivalent) 2009 U.S. Emissions
CO, 0.1363-0.2100 5,505.2 0.00247-0.00382
CHy 0.0028-0.0028 686.3 0.00041-0.00041
N,O 0.0006-0.0010 295.6 0.00021-0.00032
CO, + CHy4 + N2O 0.1397-0.2138 6,487.1 0.00215-0.00330
All GHGP 0.1397-0.2138 6,633.2° 0.00211-0.00322

a  One Ty is equal to 1012 g, or 106 metric tons. The CO,-equivalent for a gas is derived by
multiplying the mass of the gas by the associated GWP, which accounts for the relative
effectiveness of a gas to contribute to global warming with respect to the same amount CO». In
these calculations, CHy is given a GWP of 21, while N,O is given a GWP of 310.

b Total U.S. GHG emissions also include hydrofluorocarbons, perfluorocarbons, and sulfur
hexafluoride emissions. Estimates of emissions from the Program were not made for these
compounds, but they are assumed to be very small.

Source: USEPA 2011l; Herkhof 2011.

As noted in Section 3.3, GHG emissions are one of the causes of climate change.
Climate change is a global phenomenon and predicting climate change impacts requires
consideration of large-scale or even worldwide GHG emissions, not just emissions at a local
level. Climate change predictive capability (modeling) lacks the ability to estimate the impact of
GHGs from a particular source or sources such as oil and gas activities associated with the
Program. What their impact, if any, would be is determined not only by the emissions from the
oil and gas activities themselves, but also by the GHG emissions of other sources throughout the
world and whether these other emissions are expected to increase or decrease. In addition, since
some GHG gases, such as CO», may persist in the atmosphere for up to a century, the potential
impacts of any source may extend well beyond the active lifetime of the source or program. This
said, given the small percentage contributions of oil and gas activities in Cook Inlet to global
GHG emissions, the potential impact on climate change would probably be small. Section 3.3
provides some baseline considerations for climate change and Section 4.4.3 and Sections 4.4.6
through 4.4-15 discuss potential impacts on specific impact areas.

4.4.4.2.2 Accidents. Under the proposed action, the number and types of spills assumed
to occur in Cook Inlet include up to one large spill (>1,000 bbl) from either a pipeline or
platform and between 8 and 18 small spills (<1,000 bbl) over the 40-year period of the Program
(Table 4.4.2-1). Evaporation of oil from these spills and emissions from spill response and
cleanup activities including in situ burning, if used, have the potential to affect air quality in
Cook Inlet.
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Spills and In Situ Burning. Small accidental oil spills would cause small, localized
increases in concentrations of VOCs because of evaporation of the spill. Most of the emissions
would occur within a few hours of the spill and would decrease drastically after that period.
Large spills would exhibit similar behavior but would affect a somewhat larger area and cause
elevated pollutant concentrations to persist somewhat longer. Hanna and Drivas (1993) modeled
the emissions of various hydrocarbon compounds from a large spill. A number of these
compounds, including BTEX and hexane, are classified by the USEPA as hazardous air
pollutants. Many of these contaminants may be carcinogenic to humans and/or animals. The
results showed that these compounds evaporate almost completely within a few hours after the
spill occurs. Ambient concentrations peak within the first several hours after the spills starts and
are reduced by two orders of magnitude after about 12 hr. The heavier compounds take longer to
evaporate and may not peak until about 24 hr after spill occurrence. Total ambient VOC
concentrations are significant in the immediate vicinity of an oil spill, but concentrations are
much reduced after the first day (MMS 2007c). There is no information about any possible
effect from the inhalation of air contaminants by subsistence animals, but this effect would be
expected to be much less than any contamination by contact with hazardous compounds in the
water. These effects on subsistence are described in Section IV.B.3.k of MMS (2007c).

In situ burning is a potential technique for cleanup and disposal of spilled oil. In situ
burning of a spill results in emissions of NO2, SO,, CO, and PM1g and generates a plume of
black smoke. Fingas et al. (1995) describes the results of a monitoring program of a burn
experiment at sea. The program involved extensive ambient measurements during two
experiments in which approximately 300 bbl of crude oil was burned. It found that during the
burn, CO, SO, and NO, were measured only at background levels and were frequently below
detection levels. Ambient levels of VOCs were high within about 100 m (328 ft) of the fire but
significantly lower than those associated with a nonburning spill. Measured concentrations of
PAHs were low. It appeared that a major portion of these compounds was consumed in the burn.
The appearance of a black plume from in situ burning around a subsistence hunting area could
have an adverse effect on subsistence hunting practices because of the creation of a perception
that wildlife has been contaminated. Subsistence hun