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SUMMARY

The Proposed Action

The U.S. Department of the Interior (USDOI) proposes 15 lease sales in six of the Outer
Continental Shelf (OCS) Planning Areas in the Gulf of Mexico (GOM) and offshore Alaska
during the period 2012-2017 (Table S-1). Five area-wide lease sales each would be held in the
Central and Western GOM Planning Areas, with one to two lease sales in the extreme western
portion of the Eastern GOM Planning Area. Scheduled in the Alaska Region would be one sale
with two whaling deferrals in the Beaufort Sea Planning Area, one sale with a 40 km (25 mi)
buffer in the Chukchi Sea Planning Area, and one special interest sale in the Cook Inlet Planning
Area. No lease sales are proposed off the U.S. east and west coasts. The proposed Program
establishes a schedule that the USDOI will use as a basis for considering where and when leasing
might be appropriate over a 5-year period (Table S-1). A decision to adopt the Program proposal
IS not a decision to issue specific leases or to authorize any drilling or development.

Oil and gas activities may occur on OCS leases after a lease sale pursuant to the proposed
action, and these activities may extend over a period of 40 to 50 years. These activities may
include (1) seismic surveys; (2) drilling oil and natural gas exploration and production wells;

(3) installation and operation of offshore platforms and pipelines, onshore pipelines, and support
facilities; and (4) transporting oil using ships or pipelines.

TABLE S-1 Proposed 2012-2017 Program Lease Sale Schedule

OCS Planning Area Proposed Lease Sale Year
Western Gulf of Mexico Annual sales beginning in 2012
Central Gulf of Mexico Annual sales beginning in 2013
Eastern Gulf of Mexico 2014, 2016
Cook Inlet 2013
Chukchi Sea 2016
Beaufort Sea 2015

Alternatives

Seven alternatives to the Proposed Action Alternative (Alternative 1) are evaluated in this
draft programmatic environmental impact statement (PEIS). Each alternative represents a
reduction from the proposed action, differing only in which planning areas (and associated
number of lease sales) would be included for possible future lease offerings under the 2012-2017
OCS Qil and Gas Leasing Program (Program).

Summary XXiX
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« Alternative 2 — Exclude the Eastern GOM Planning Area for the duration of
the Program. Leasing in the other five planning areas would be the same as
Alternative 1.

« Alternative 3 — Exclude the Western GOM Planning Area for the duration of
Program. Leasing in the other five planning areas would be the same as
Alternative 1.

« Alternative 4 — Exclude the Central GOM Planning Area for the duration of
the Program. Leasing in the other planning areas would be the same as
Alternative 1.

« Alternative 5 — Exclude the Beaufort Sea Planning Area for the duration of the
Program. Leasing in the other planning areas would be the same as
Alternative 1.

« Alternative 6 — Exclude the Chukchi Sea Planning Area for the duration of the
Program. Leasing in the other planning areas would be the same as
Alternative 1.

« Alternative 7 — Exclude the Cook Inlet Planning Area for the duration of the
Program. Leasing in the other planning areas would be the same as
Alternative 1.

« Alternative 8 — No Action. No lease sales would be conducted in any OCS
Planning Area during the period 2012-2017. Exploration, development, and
production activities would continue on blocks leased previously.

Principal Issues and Concerns

Risks of Qil Spills. Major regulatory reforms and advances in drilling and containment
technology have occurred following the Deepwater Horizon event, reducing the risk of oil spills
from OCS operations. The greatest concern related to oil and gas development following lease
sales under any of the alternatives addressed in this draft PEIS is that of an accidental oil spill.
The magnitude of effects from an accidental spill will depend on the location, timing, and
volume of the spill; the environmental setting of the spill (e.g., restricted coastal waterway,
deepwater pelagic location); and the species (and their ecology) exposed to the spill. Spill
cleanup operations could result in short-term disturbance of fauna in the vicinity of cleanup
activities.

Evaluating historical spill data and taking into account the amount of oil production
anticipated to occur with development following leasing, spill scenarios were developed for the
northern GOM, Cook Inlet, Beaufort Sea, and Chukchi Sea Planning Areas. Most expected
spills would be less than 50 bbl in size, and impacts to most resources from such small spills
would be minor, as dispersion and natural processes would be expected to quickly disperse and
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degrade the spill, limiting exposure of, and effects to, resources in the vicinity of the spill. In
contrast, a large spill may be expected to affect more resources, do so over a much larger area
and for a much longer period of time, and result in potentially major impacts. For analytical
purposes, the draft PEIS presents analyses of the effects of varying sizes of oil spills on sensitive
resources.

While this analysis provides the Secretary of the USDOI with information about the
potential impacts if spills were to occur and contact environmental resources, the analyses cannot
predict whether, when, or where specific oil spills will occur or whether any spills will contact
environmental resources. The draft PEIS does estimate the number of possible small and large
oil spills based on historical oil-spill data, which is independent from the severity of oil-spill
impacts.

In all program areas, the analyses considered the occurrence of at least one very large,
catastrophic spill event, even if the amounts of oil estimated to be developed suggest the
occurrence of such a spill unlikely. The analyses of these spills does not mean the USDOI
expects such a catastrophic event to occur under any of the action alternatives considered in this
draft PEIS; rather, the analyses identify potential impacts to resources, should such a catastrophic
discharge event occur, even if it is unlikely that such an event would occur.

Impact-Producing Factors. It is important to note that establishing a schedule of lease
sales by itself will have no direct effects on most resources on the OCS, as the activities that
could impact resources would only occur following a lease sale, and then only following
approval for exploration and development to be initiated in the lease sale area. Because the
nature, location, and level of future project-specific oil and gas activities is unknown at this time,
the environmental analyses presented in this draft PEIS are based on reasoned assumptions about
future activities, and apply to each of the seven action alternatives under consideration for the
Program. Estimates of oil and gas resources that might be found in, and produced from, the
areas being considered for leasing provide the basis for making the assumption of the level of
development that might occur. Each scenario contains the major elements of activity needed to
support exploration, production, and transportation of oil and gas that may be discovered and
found to be economically producible.

Several types of routine oil and gas activities were identified that could cause impacts
under the proposed action or alternatives (excluding the No Action Alternative) following
subsequent lease sale, plan, or permit considerations. None of the action alternatives, if
implemented, would authorize oil and gas development activities. These activities were,
however, evaluated in the draft PEIS in resource-specific analyses to provide decision makers
with information regarding the nature and magnitude of potential impacts that may be incurred
with development following a lease sale under any of the seven action alternatives. Location-
and resource-specific impacts would be evaluated in subsequent lease sale and plan-specific
National Environmental Policy Act (NEPA) analyses and decision-making. The impact-
producing factors related to routine OCS activities and evaluated in this draft PEIS include:
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« The disposal of liquid wastes, including drilling fluids (i.e., drill muds),
produced water, ballast water, and sanitary and domestic wastewater
generated by OCS-related activities.

« Solid waste disposal, including material removed from the well borehole
(i.e., drill cuttings), solids produced with the oil and gas (e.g., sands), cement
residue, bentonite, and trash and debris (e.g., equipment or tools) accidentally
lost.

« Gaseous emissions from offshore and onshore facilities and transportation
vessels and aircraft.

» Noise from seismic surveys, ship and aircraft traffic, pipeline trenching,
drilling and production operations, and explosive platform removals.

» Physical impacts from ship and aircraft traffic and use conflicts with oil
tankers and barges, supply/support vessels and aircraft, and seismic survey
vessels and aircraft.

» Physical emplacement, presence, and removal of facilities including offshore
platforms; seafloor pipelines; floating production, storage, and offloading
systems; onshore infrastructure such as pipelines, storage, processing, and
repair facilities; ports; pipe coating yards; refineries; and petrochemical plants.

In addition, accidental oil spills were also considered an impacting factor, although not resulting
from routine operations. Accidental spills may be associated with a loss of well control,
production accidents, transportation failures (e.g., tankers, other vessels, seafloor and onshore
pipelines, and storage facilities), and low-level releases from platforms.

Sensitive Biological and Ecological Resources and Critical Habitats

The Program encompasses large areas in the GOM and portions of Alaska. These areas
constitute diverse marine and coastal environments that support a tremendous diversity of
habitats and biota, including species and habitats protected by the Endangered Species Act and
other Federal and State laws and regulations. At this programmatic stage, it is not possible, or
appropriate, to conduct site-specific analyses of all the potentially affected resources or identify
all relevant mitigation. Therefore, in keeping with NEPA and Council on Environmental Quality
regulations, the draft PEIS focuses on those aspects of marine and coastal resources that are
unique, ecologically important, or most susceptible to impacts from offshore oil and gas
activities. The draft PEIS also concentrates on those life stages and habitats that may be most
sensitive to routine oil and gas activities, as well as to accidental oil spills.

The identification and evaluation of potential impacts focused on three main categories:

animals, plants, and habitats. Among the animal groups evaluated were marine mammals, birds,
fish, sea turtles, and benthic invertebrates. Special attention was drawn to migratory species,
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species taken commercially and for Alaska Native subsistence (including whales, fish, and
birds), and threatened and endangered species. With respect to habitats, both marine (i.e., corals
and “hard bottom” areas) and coastal (i.e., estuaries, wetlands/marshes) areas were identified and
evaluated for possible adverse impacts from OCS oil and gas activities.

Social, Cultural, and Economic Resources

Specific concerns regarding social, cultural, and economic resources included potential
impacts on tourism, recreation, commercial and recreational fishing, subsistence harvests,
aesthetics, local economy (especially the “boom/bust” phenomenon), land and water use
conflicts, disproportionate impacts on low income and minority groups, and disproportionate
impacts on Alaska Natives. The social, cultural, and economic topics analyzed in the draft PEIS
are as follows:

« Population, employment, income, and public service issues from the effects of
the Program, including issues of “boom/bust” economic cycles.

« Land use and infrastructure, including construction of new onshore facilities,
and land use and transportation conflicts between the oil and gas activities and
other uses.

« Sociocultural systems effects, including concerns about the effects on
subsistence (e.g., bowhead whale hunting), loss of cultural identity, health
impacts including psychological health, and social cost of oil spills.

« Environmental justice (e.g., the potential for disproportionate and high
adverse impacts on minority and/or low-income populations [Executive
Order 12898]).

« Commercial and recreational fisheries.
« Tourism and recreation, including the use of coastal areas for sightseeing,
wildlife observations, swimming, diving, surfing, sunbathing, hunting, fishing,
boating, and visual impacts of offshore OCS structures.
« Archaeological resources, including historic shipwrecks and sites inhabited by
humans during prehistoric times.
Climate Change
The draft PEIS considers how climate change, based on the observed changes that have
been occurring during the past several decades, may affect baseline conditions of resources over

the 40 to 50 year period during which oil and gas production could occur following lease sales
under the Program. The effects of climate change on ecosystems are complex and non-uniform
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across the globe and vary among atmospheric, terrestrial, and oceanic systems. Considerations
of climate change effects in OCS Planning Areas focus on impacts to marine and coastal systems
where environmental sensitivities are typically associated with increasing atmospheric and ocean
temperatures, sea level rise, and ocean acidification. These general categories of climate change
responses are occurring in addition to human-induced pressures related to coastal population
densities (e.g., land use changes, pollution, overfishing) and trends of increasing human use of
coastal areas. The draft PEIS presents resource-specific discussions of the affected environment
with discussions of the effects of ongoing, observable climate changes for those resources. In
addition, the impacts of the continuing trend in climate change during the life of the Program are
evaluated as well.

Conclusions

The analyses in this draft PEIS describe in detail the nature and extent of potential
impacts of future oil and gas activities on the OCS that may occur under the proposed action or
any of the action alternatives. Specifically, the draft PEIS evaluates the potential direct, indirect,
and cumulative impacts of routine operations and accidental oil spills. The analyses assume the
implementation of all mitigation measures currently required by statute, regulation, or Bureau of
Ocean Energy Management (BOEM) policy and practice. One objective of the draft PEIS is to
convey to decision makers and the public the relative extent of potential impacts. Conclusions
for most analyses generally indicate the ability of most affected resources to recover from
impacts that could result from oil and gas development following leasing.

Under the proposed action, or Alternatives 2 through 7, routine operations associated
with each of these phases will have the same or similar impact-producing factors associated with
them, and these have “typical” types of impacts, regardless of location. The magnitude and
importance of those impacts on the resource, however, will be very site- and project-specific.
The types of impacts identified and discussed below will be the same for each of the alternatives
except the No Action Alternative. The principal difference in potential impacts among the action
alternatives will be in where those impacts may be incurred. Each of the alternatives to the
proposed action excludes one of the six planning areas included in the proposed action from the
Program, and thus most resources in an excluded planning area would not be expected to be
affected by routine operations occurring in other planning areas. Because routine operations
include some impacting factors (such as seismic survey noise and support vessel traffic) that may
extend beyond planning area boundaries, resources in an excluded planning area may be affected
by some of the routine operations associated with development in adjacent planning areas.
Similarly, accidental oil spills may be transported from the planning area in which the spill
occurs to adjacent planning areas, affecting resources in those other areas.

The evaluation of a No Action Alternative is required by the regulations implementing
NEPA (40 CFR 1502.14(d)). If the Secretary were to adopt this alternative, it would halt OCS
presale planning, sales, and new leasing from 2012 to 2017. However, exploration,
development, and production stemming from past sales would continue.
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Water Quality

In the GOM and Alaska Planning Areas, routine operations could result in minor to
moderate, localized, short-term impacts. Any such impacts would be associated with structure
placement and construction (pipelines, platforms) and operational discharges (produced water,
bilge water, and drill cuttings) and sanitary and domestic wastes. Structure placement and
removal could increase suspended sediment loads, while operational discharges, sanitary and
domestic wastes, and deck drainage could affect chemical water quality. Compliance with
National Pollutant Discharge Elimination System (NPDES) permit requirements, and U.S. Coast
Guard (USGS) regulations would reduce most impacts of routine operations.

The effects of accidental oil spills will depend upon the material spilled, spill size,
location, and remediation activities. Small spills would likely result in short-term, localized
impacts. Impacts from a large oil spill could persist for an extended period of time if oil were
deposited in wetland and beach sediments or low-energy environments because of potential
remobilization. The speed of natural recovery in Alaskan waters, as compared to GOM waters,
could be slowed by the persistence of oil in cold water temperatures and ice cover. A very large
oil spill (especially one associated with a catastrophic discharge event [CDE]) would affect water
quality over a much larger area, including possibly in planning areas adjacent to the one where
the spill occurs. The potential for more widespread and long-term water quality impacts may be
expected to be greater in cold Alaskan waters, especially under ice-cover conditions. In Alaska,
winter conditions (e.g., complete ice cover and extremely cold conditions) could substantially
complicate spill response given current spill control and remediation technologies.

Air Quality

Routine operations affecting air quality in the GOM and Alaska Planning Areas include
emissions from construction equipment, machinery supporting production operations,
helicopters, and ships. Only minor impacts to air quality are expected under any of the action
alternatives. Emissions during routine operations under any of the action alternatives would
cause some slight, localized increases in concentrations of nitrogen dioxide (NOy), sulfur dioxide
(SOy), particulate matter less than 10 or 2.5 microns in diameter (PM1g and PM3 5, respectively),
and carbon monoxide (CO) in the Planning Areas where such activities would occur.
Concentrations would be well within the U.S. Environmental Protection Agency (USEPA)
national ambient air quality standards (NAAQS) and the Prevention of Significant Deterioration
(PSD) increments. Increases in 0zone may occur, but would be less than 1% of total
concentrations. Air quality impacts from oil spills and in situ burning would be localized and of
short duration. Overall, impacts from routine operations, oil spills, and spill response activities
are expected to be minor.

Acoustic Environment

Routine operations in the GOM and Alaska OCS Planning Areas could affect ambient
noise conditions, with impacts to ambient noise levels expected to be minor. Noise generating

Summary XXXV



O©oo~NOoO Ol WwN -

2012-2017 OCS Oil and Gas Leasing Program Draft Programmatic EIS USDOI
November 2011 BOEM

sources associated with routine operations include seismic surveys, drilling and production,
infrastructure placement and removal, and vessel traffic. Depending on the source and activity,
changes in ambient noise levels could be short-term and localized (e.g., from vessel traffic),
long-term and localized (from production), or short-term and less localized (from seismic
surveys). Seismic surveys could result in short-term changes in ambient noise levels, but the
changes could extend well beyond the survey boundary.

Marine and Coastal Habitats

Coastal and Estuarine Habitats. Under any of the action alternatives, coastal and
estuarine habitats could incur minor to moderate impacts from routine operations such as
pipeline landfall and construction, maintenance dredging of inlets and channels, and vessel
traffic. Coastal and estuarine habitats could be disturbed by activities such as pipeline trenching
and onshore facility construction. Shoreline habitats may also be affected by wake-induced
erosion during routine dredging activities or ship traffic. Habitats potentially affected would
include coastal dunes, wetlands, and barrier islands. The magnitude of these impacts would
depend on the location of the construction activities, the level of dredging or shipping activity in
a specific area, and existing environmental conditions (such as ongoing shoreline degradation).

Coastal and estuarine habitats could also be affected by accidental oil spills. The
magnitude of potential impacts to coastal and estuarine habitats will depend on a variety of
factors, including the location, size, timing, and duration of the spill, the effectiveness of
remediation efforts, existing environmental conditions (e.g., vegetation, substrate type, ice
cover), and natural localized erosion and deposition patterns. The effects of small spill would be
very localized and relatively short-term. In the event of a large spill or a CDE, habitats over a
much greater geographic area may be affected, and may incur more severe impacts where oil is
concentrated. In some cases, habitats such as coastal wetlands may not fully recover even
following remediation.

Marine Benthic Habitats. Impacts from routine OCS oil and gas activities could result
from the construction and removal of infrastructure (wells, platforms, pipelines), vessel traffic,
and permitted operational discharges. Construction activities which involve the physical
disturbance of the seafloor will result in moderate impacts to benthic habitats within and
immediately adjacent to the disturbance footprint. In most cases, disturbed soft-bottom habitats
would recover. Protective measures, currently required at the lease sale phase thorugh lease
stipulations, exist for seafloor habitats such as live bottom and pinnacle trend areas in the GOM.
These measures would help to reduce potential impacts on both nearshore and deeper-water
habitats.

Accidental oil spills could affect benthic habitats, and result in minor to moderate impacts
to affected habitats. The magnitude of these impacts would depend upon the location, size,
timing and duration of the spill; weather conditions; effectiveness of containment and cleanup
operations; and other environmental conditions at the time of the spill. Impacts from small spills
would be mostly localized and minor. However, if a large spill or a CDE at the seafloor
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(i.e., from a wellhead or a pipeline) were to occur, a greater amount of habitat could be affected.
As a consequence, full recovery of oiled habitats could take many years in some locations.

Marine Pelagic Habitats. Overall, no permanent degradation of pelagic habitat is
anticipated and impacts would be negligible to minor in the GOM and Alaska Planning Areas.
During routine operations (including routine discharges), marine pelagic habitats could be
affected as a result of increased turbidity associated with bottom-disturbing activities, and from
operational discharges such as produced water and drilling muds and cuttings. Impacts would be
largely localized and short-term in duration.

Small accidental spills may be expected to result in only minor, localized impacts on
pelagic habitats. The effects from oil spills would depend on the location, magnitude, duration,
and timing of the spill, on environmental factors (e.g., presence of sea ice, storms, ocean
currents), and on the habitats affected by the spill. Large spills or a CDE could reduce habitat
quality over a larger area, and result in moderate impacts to some habitats. In the GOM, oil
contacting Sargassum mats could result in complete or partial short-term loss of these unique
habitats in some areas and cause localized population-level impacts on associated biota. In
Alaska, accidental spills occurring under ice cover or in sea ice habitats could result in small, but
long-term impacts to pelagic habitats.

Marine and Coastal Fauna

Mammals. Impacts to marine mammals from routine operations include noise
disturbance from seismic surveys, vessels, helicopters, construction and operation of platforms,
and removal of platforms with explosives; potential collision with vessels; and exposures to
discharges and wastes. Impacts to cetaceans could range from negligible to moderate, with
species or stocks inhabiting continental shelf or shelf slope waters most likely to be affected. In
Alaska, if the disturbance results in the temporary abandonment of young by adults
(e.g., abandonment of pups in Steller’s sea lion rookeries), survival of young may be reduced,
and moderate impacts to local populations may result. Collisions with OCS-related vessels could
also injure or kill some individuals, although the incidence of such collisions is expected to be
very low. Meeting the requirements of the Endangered Species Act (ESA) and Marine Mammal
Protection Act would reduce the likelihood and magnitude of adverse impacts from routine
operations to most marine mammal species. For terrestrial mammals, no impacts are expected
from routine operations in the GOM to endangered beach mice subspecies or the Florida salt
marsh vole. In Alaska, impacts to terrestrial mammals from routine operations would be
negligible to minor.

Accidental oil spills may result in the direct and indirect exposures of mammals and their
habitats to the oil. Fouling of fur of some species (e.g., sea otter and fur seal) could affect
thermoregulation and reduce survival, while ingestion of oil and oil-contaminated food could
have acute and chronic effects. The magnitude of effects from accidental spills will depend on
the location, magnitude, duration, timing, and volume of the spills; the habitats affected by the
spills (e.g., coastal habitats); and the species exposed. Spills in open waters may be expected to
affect the fewest number of individuals. Very large spills, such as a CDE, would affect the
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greatest number of species and individuals, and have the greatest potential for adversely affecting
local mammal populations. In Alaska, the greatest risk to marine mammals would be associated
with large spills reaching rookeries and haulout locations where large numbers of individuals
could be exposed and population-level impacts on some species (especially the Steller’s sea lion)
could occur. Overall, small spills would affect relatively few individuals, while large spills
could affect many more species, and in some cases (such as a CDE) result in local population-
level effects.

Marine and Coastal Birds. Routine operations may result in negligible to moderate,
localized, short-term impacts. Impacts would be associated primarily with infrastructure
construction, and ship and helicopter traffic. The primary effect would be disturbance of birds in
the immediate vicinity of the activity. In most cases, disturbed birds would temporarily leave the
area, while in other cases,the displacement could be long-term. Because many birds tend to
habituate to human activities and noise, potential impacts from disturbance may be short-term
and not expected to result in population-level effects. However, construction activities near
coastal habitats could disrupt breeding and nesting activities of colonial nesting birds.

Depending on the species, the numbers of birds affected, and the activity disturbed (nesting,
molting, feeding, staging), the displacement of disturbed birds could reduce reproductive
success, foraging success, and survival. Some collision mortality with offshore platforms would
be expected. Loss or alteration of preferred habitat due to pipeline landfalls or other onshore
construction could result in the displacement and possible decrease of nesting activities.

Accidental oil spills pose the greatest threat to marine and coastal birds. The magnitude
and ecological importance of any effects would depend upon the size, location, duration, and
timing of the spill; the species and life stages of the exposed birds; and the size of the local bird
population. Exposure to spills in deep water would be largely limited to pelagic birds. Shallow-
water spills that reach coastal habitats could affect the greatest variety and number of birds,
including shorebirds, waterfowl, wading birds, gulls, and terns. Spills reaching onshore
locations have the greatest potential for affecting the greatest number of birds, especially if a
spill occurs in or reaches an area where birds have congregated and are carrying out important
activities (such as nesting, molting, and staging areas for some of the Alaskan waterfowl and
shorebirds). Exposed birds may experience a variety of lethal or sublethal effects, and the
magnitude and ecological importance of any such effects would depend upon the size and
location of the spill, the species and life stage of the exposed birds, and the size of the local bird
population.

Fish Resources and Essential Fish Habitat

Overall, impacts to fish from routine Program activities are expected to range from
negligible to minor, and no impacts on threatened or endangered fish species are expected. The
primary potential impacts on fish communities from Program activities could result from seismic
surveys and bottom-disturbing activities such as drilling, platform placement and mooring, and
pipeline trenching and placement, which could displace, injure, or kill fish in the vicinity of the
activity. Fixed platforms, particularly the large number projected for the GOM, would also serve
as artificial reefs that would attract substantial numbers of fish. Oil and gas activities would be
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temporary, and no permanent or population-level impacts on fish are expected. Displaced fish
and invertebrate food sources would repopulate the area over a short period of time in the GOM,
but fish habitat recovery may be long-term in Alaskan waters. The effects of drilling muds and
produced water discharge on fish would be localized, and no population-level effects are
expected. Drilling waste and produced water discharge would be far less in Alaska because
fewer wells would be drilled in Alaska and because it is assumed that drilling muds and cuttings
from production wells and all produced water would be reinjected into the wells.

Small spills would be localized and are unlikely to affect a substantial number of fish
before dilution and weathering would reduce concentrations of toxic fractions to nontoxic levels.
Large spills and a CDE would affect a wider area, with the magnitude of the impacts depending
on the location, timing, and volume of spills, distribution and ecology of affected fish species,
and other environmental factors. Most adult fish are highly mobile and would likely avoid lethal
hydrocarbon exposures, although they may be subjected to sublethal concentrations. Smaller
species and egg and larval life stages are more likely to suffer lethal or sublethal exposures from
oil contact because of their relative lack of mobility. Under most circumstances, any single large
spill would affect only a small proportion of a given fish population; therefore, overall
population levels may not be affected. However, fish species that currently have depressed
populations or have critical spawning grounds present in the affected area could experience
population-level impacts. Oil contacting shoreline areas used for spawning or providing habitat
for early life stages of fish could result in large-scale lethal and long-term sublethal effects on
fish. In Alaskan waters, where oil may be slow to break down, coastal oiling could measurably
depress some fish populations for several years. However, no permanent impacts on fish
populations are expected.

Reptiles

Five species of sea turtles occur in the three GOM Planning Areas: green, hawksbill,
Kemp’s ridley, leatherback, and loggerhead, and all are listed as threatened or endangered under
the ESA. All but the hawksbill have been reported to nest on beaches within the GOM Planning
Areas. In addition to these turtles, the American crocodile, which is federally endangered,
occurs in the Eastern GOM Planning Area along the southern coast of Florida. Routine
operations in the GOM are not expected to affect the American crocodile. This species could be
affected in the event there is a very large oil spill that reaches the southern Florida coast. In such
an event, adults and young could be directly exposed, and nest sites could be fouled. No reptiles
occur in the Alaska OCS Planning Areas.

Impacts to reptiles from routine operations associated with the Program are expected to
range from minor to moderate. Sea turtles could be directly affected by seismic surveys, vessel
traffic, construction of offshore and onshore facilities, operational discharges, and removal of
platforms. Noise generated during exploration and production activities and platform removal
may result in the temporary disturbance of some individuals, while some turtles may be killed
during the use of underwater explosives for platform removal. The construction and operation of
new onshore facilities may impact nest sites, possibly result in eggs being crushed, and disturb
hatchling movement from the nest sites to the water. Sea turtles may also be injured or killed by
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collisions with OCS vessels. Permit requirements, ESA regulations and requirements, regulatory
stipulations, and BOEM guidelines could limit the seriousness of any potential effects on sea
turtles. Therefore, while routine operations could affect individual sea turtles, population-level
impacts are not expected.

Oil spills may expose one or more sea turtle life stages to oil or its weathering products.
Oil reaching nests may reduce egg hatching and hatchling survival, and inhibit hatchling access
to water. Exposed hatchlings, juveniles, and adults may incur a variety of lethal or sublethal
effects. The presence of oil on nesting beaches may affect nest site access and use. Small spills
are unlikely to affect a large number of sea turtles or their habitats and thus are not expected to
have substantial or long-term effects. The magnitude of effects from accidental spills would
depend on the location, timing, duration, and volume of the spills; the environmental settings of
the spills; and the species and life stages of sea turtle exposed to the spills. A very large spill
could affect many more individuals and habitats, including nesting beaches, and potentially lead
to population-level effects.

Invertebrates

Routine operations could result in negligible to moderate impacts to invertebrates,
especially to benthic invertebrates. The primary impacts of routine Program activities would be
from bottom-disturbing activities during the exploration and site development phases. Routine
operations involving bottom disturbance (including pipeline trenching) could displace, bury,
injure, or kill invertebrates in the immediate vicinity of the activities. Affected invertebrate
communities would generally repopulate the disturbed areas over a short period of time
(especially soft-bottom communities), although a return to the pre-disturbance community may
take longer, particularly in the Arctic. If discharged into open water, the effects of drilling muds
and produced water on invertebrates would be localized and no population-level effects are
expected. No permanent or population-level impacts on invertebrates are expected from routine
operations following lease sales under any of the action alternatives.

Small surface or subsurface oil spills would be rapidly diluted and likely result in only
minor localized impacts on invertebrates. Large spills could affect a large number of benthic and
pelagic invertebrates and their habitats. The location, size, duration, and timing of the spill
would be important determinants of the impact magnitude of large spills. A large spill
contacting shoreline areas with sensitive intertidal and shallow subtidal habitats could result in
large-scale and long-term sublethal and lethal effects to the benthic communities in those
habitats. In Alaska, local populations of intertidal organisms affected by such large spills could
be measurably depressed for several years and oil could persist in shoreline sediments for
decades.

Areas of Special Concern

Impacts to Areas of Special Concern (AOCs) resulting from routine Program activities
are expected to be negligible to moderate because of the existing protections and use restrictions.
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Routine operations that could affect AOCs (e.g., National Marine Sanctuaries, National Parks)
include the placement of structures, pipeline landfalls, operational discharges, and vessel traffic.
However, impacts from these activities are unlikely, as no infrastructure (e.g., pipeline landfalls,
shore bases) would be sited in National Parks, National Wildlife Refuges (NWRs), or other
AQOCs. In Alaska, no OCS-related activities would occur in National Park lands, thereby
minimizing the potential for impacts from routine operations to these AOCs, and impacts from
routine activities in adjacent areas would be minimal. However, offshore construction of
pipelines and platforms could have temporary effects on wildlife due to noise and activity levels
and on scenic values for park visitors.

While an oil spill could affect AOCs, the magnitude of the potential impact would
depend on the location, size, duration, and timing of a spill; the weather conditions at the time of
the spill; the effectiveness of cleanup operations; and other environmental conditions
(e.g., presence of sea ice) at the time of the spill. Accidental oil spills reaching AOCs could
negatively affect fauna and habitats, subsistence use, commercial or recreational fisheries,
recreation and tourism, and other uses.

Impacts on Population, Employment, and Regional Income

The main effect on population and employment of routine operations that could result
following leasing will be the employment generated by routine Program activities. In the GOM,
direct expenditures associated with routine operations would result in negligible impacts from
small increases in population, employment, and income in each region over the duration of the
leasing period, corresponding to less than 1% of the baseline. In Alaska, direct expenditures
would result in minor impacts from small increases in population, employment, and income in
each region over the duration of the leasing period, corresponding to less than 5% of the
baseline. Given existing levels of leasing activity, impacts on property values in the GOM and
Alaska Planning Areas would be negligible. In planning areas where tourism and recreation
provide significant employment, accidental oil spills (especially a low probability CDE) could
result in the short-term loss of employment, income, and property values. Expenditures
associated with spill cleanup activities would create short-term employment and income in some
parts of the affected coastal region(s).

Land Use and Infrastructure

Routine Program activities would result in negligible to minor impacts in the GOM, and
minor to moderate impacts in Alaska, on land use, development patterns, and infrastructure. In
the GOM, existing infrastructure generally would be sufficient to handle exploration and
development associated with potential new leases. In Alaska, additional infrastructure would be
necessary to support Program development. Projected impacts in both the GOM and Alaska
from an accidental oil spill (especially from a low-probability CDE) would alter land use
temporarily but would not likely result in long-term changes. The magnitude of the impacts
would depend upon the location, size, timing, and duration of the spill and the existing land use
at the spill location.
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Commercial and Recreational Fisheries

Following leasing, routine Program operations could have minor impacts on subsistence,
commercial, and recreational fisheries. Impacts would be associated primarily with vessel traffic
and structure placement, presence, and removal, each of which could temporarily drive fishes
away from the area and preclude fishing. However, these impacts would be temporary, and
population-level effects on commercial and recreational fishery resources are not anticipated
from these routine operations. Once platforms are installed and production activities begin,
offshore structures would act as fish attraction devices for both pelagic and reef-associated
species; these structures would also be attractive for recreational fishing. Seismic surveys and
construction of platforms and pipelines could result in space-use conflicts with commercial and
recreational fishing activities, although these effects would be localized. Space-use conflicts, in
the case of seismic surveys, would be short-duration.

The level of effects from accidental oil spills on subsistence, commercial, and
recreational fisheries would depend on the location, timing, duration, and volume of spills, in
addition to other environmental factors. Small spills are unlikely to have a large effect before
dilution and weathering reduces concentrations and, therefore, would not have long-term effects
on subsistence, commercial and recreational fisheries. If large oil spills were to occur,
subsistence, commercial, and recreational fisheries could be affected. The potential for oil-
soaked fishing gear and potentially contaminated fish may reduce commercial and recreational
fishing efforts and affect subsistence use of the resource. Very large spills could also indirectly
affect fisheries by degrading habitats that are critical for the survival of target species, but would
only be serious if they led to severe declines in target species’ populations. Highly mobile fish
species (tunas, sharks, and billfish) could move away from surface oil spills in deep water,
disrupting fishing efforts.

Tourism and Recreation

Routine operations would have minor, short-term negative effects on recreation and
tourism, with potential adverse aesthetic impacts on beach recreation and sightseeing and
potential positive impacts on diving and recreational fishing in the GOM coast; sightseeing,
boating, fishing, and hiking activities in the Cook Inlet area; and sightseeing, hiking, and boating
activities in the Chukchi Sea and Beaufort Sea Planning Areas.

Potential impacts on recreation and tourism resulting from an oil spill in any of the
planning areas would likely include direct impacts (e.g., oil contamination of a beach), access
restrictions to a particular area (e.g., no diving or fishing while cleanup is being conducted), and
aesthetic impacts. These impacts could persist for several months or more pending cleanup
completion and any required habitat restoration. The extent of the impacts would depend on the
location, size, duration, and timing of the spill and on the effectiveness of cleanup operations.
Since oiled coastal sediments are often removed via mechanical means, such shoreline activity
would effectively close the area to public use for the duration of cleanup operations. If
restoration is required (i.e., to restore the proper beach profile), additional time may be required
before public access is allowed. Historical evidence pertinent to the effects of major oil spills
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has indicated that spills may prompt either a seasonal decline in tourist visits and/or tourist
movement to other coastal areas in the region.

Sociocultural Systems and Environmental Justice

Impacts on sociocultural systems and environmental justice vary across OCS regions. In
the GOM and Cook Inlet, where sociocultural systems have a long experience with offshore oil
and gas operations, impacts on sociocultural systems would be few and impacts would be minor.
The greatest impacts on sociocultural systems in the GOM are expected to result from the
ongoing expansion of oil and gas activities in the GOM, especially in expansion to deepwater
and ultra-deepwater areas. This expansion of oil and gas activities has contributed to the cultural
heterogeneity of the area by drawing the offshore workforce from a wider geographic range.
Expansion to deepwater and ultra-deepwater areas has resulted in the creation of jobs that require
more specialized skills and in requiring longer, unbroken periods of work offshore. While there
is extensive onshore oil development in the vicinity of Prudhoe Bay, there is currently no OCS
oil and gas development in the Arctic. Thus, impacts to sociocultural systems from routine
Program operations may range from minor to major. Of greatest concern to the Alaska Natives
who inhabit the area are threats to their subsistence base and way of life. Noise from seismic
surveys and exploratory drilling has the potential to deflect whales and other marine mammals
from their accustomed migration routes, making them more difficult to harvest.

A large environmental justice concern is the potential health risk to residents from nearby
OCS-related infrastructure, including helipads, heliports, waste management facilities, pipe
coating yards, shipyards, platform fabrication yards, supply bases, natural gas storage facilities,
repair yards, refineries, port facilities, and terminals. In the GOM, with existing industrial
infrastructure, routine Program operations are not expected to significantly change the health risk
exposure of nearby residents, and impacts are expected to be negligible. Impacts to
environmental justice from routine Program activities in the Cook Inlet and Arctic planning areas
are expected to be negligible to minor.

Much of Alaska’s Native population, however, resides in coastal areas, and the Arctic
areas have a very high Native Alaskan population. The importance of marine mammals (such as
the bowhead whale) to subsistence by Alaska Natives (especially in the Arctic) raises particular
concerns. 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. A
large oil spill that contacts subsistence resources could also have disproportionately high impacts
on the Alaska Native population if the subsistence resources were diminished or tainted as a
result of the spill.

Archaeological Resources

Archaeological resources that could be affected by the proposed action include historic
shipwrecks and inundated prehistoric sites offshore, and historic and prehistoric sites onshore.
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Although shipwrecks tend to concentrate in shallow, nearshore waters in all OCS regions,
historic shipwrecks are scattered across the entire continental shelf, and many are found even in
deepwater areas. Inundated prehistoric sites may occur on those portions of the continental shelf
that were exposed as dry land during the period of lower sea levels of the last ice age. The extent
of the continental shelf that was exposed varies from area to area; however, globally, sea levels
were approximately 120 m (394 ft) lower than present approximately 21,000 to 19,000 years
ago. Onshore historic properties include sites, structures, and objects such as historic buildings,
forts, lighthouses, homesteads, cemeteries, and battlefields. Onshore prehistoric archaeological
resources include sites, structures, and objects such as shell middens, earth middens, campsites,
kill sites, tool manufacturing areas, ceremonial complexes, and earthworks.

Routine operations associated with the proposed action that may affect archaeological
resources in all regions include drilling wells, installing platforms, installing pipelines,
anchoring, and constructing onshore infrastructure. Existing Federal, State and local laws and
regulations require that archaeological surveys be conducted prior to permitting any activity
(onshore or offshore) that might disturb a significant archaeological site. Compliance with
existing laws and regulations should protect archaeological resources to the maximum extent
possible from most impacts associated with routine activities; however, it is still possible that
some impacts could occur.

Should a direct physical contact between a routine activity and a shipwreck site occur, it
could destroy fragile ship remains and/or disturb the site context, resulting in a loss of data on
ship construction, cargo, and the social organization of the vessel’s crew, as well as the
concomitant loss of information on maritime culture for the time period from which the ship
dates. Ferromagnetic debris associated with OCS operations could mask the magnetic signature
of historic archaeological resources, making them difficult to detect with magnetometers.
Interaction between a routine activity and a prehistoric archaeological site could destroy artifacts
or site features and could disturb the stratigraphic context of the site.

Oil spills could affect coastal historic and prehistoric archaeological resources and could
result in unavoidable loss of information. The level of this impact would depend on the
significance and uniqueness of the information lost. Archaeological resource protection during
an oil spill requires specific knowledge of the resource’s location, condition, nature, and extent
prior to impact; however, the coastal areas of the various OCS regions have not been
systematically surveyed for sites. Existing information indicates that prehistoric sites in all
regions occur frequently along the mainland coast and barrier islands, and along the margins of
estuaries, bays and lagoons; thus, any spill that contacts these areas could involve a potential
impact on a prehistoric site.

Alternative 8 — No Action
The evaluation of a No Action Alternative is required by the regulations implementing

NEPA (40 CFR 1502.14(d)). If the Secretary were to adopt this alternative, it would halt OCS
presale planning, sales, and new leasing from 2012 to 2017, even in the Central and Western

Summary xliv



O©oo~NOoO Ol WwN -

2012-2017 OCS Oil and Gas Leasing Program Draft Programmatic EIS USDOI
November 2011 BOEM

GOM Planning Areas. However, exploration, development, and production stemming from past
sales would continue.

This alternative would eliminate new leasing from mid-2012 through mid-2017. The
amounts of OCS natural gas (up to 35 trillion cubic feet) and oil (up to 8.1 billion barrels of oil)
that could help meet national energy needs would be forgone. That amount of energy would
have to be replaced by a combination of imports, alternative energy sources, and conservation.

Market forces are expected to be the most important determinant of the substitute mix for
OCS oil and gas. Key market substitutes for forgone OCS oil production would be imported oil,
conservation, switching to gas, and onshore production. For OCS natural gas, the principal
substitutes would be switching to oil, onshore production, imports, and conservation.

In addition to market-based substitutes, the nation or individual States might choose to
encourage or even impose programs designed to deal with the energy shortfall. To replace oil,
these programs might favor alternative vehicle fuels such as ethanol or methanol, vehicles with
greater fuel efficiency, or alternate transportation methods such as mass transit.

As a partial replacement for the forgone natural gas, governments might mandate
increased reliance on coal, nuclear, hydroelectric, or wind-generated electric power. In addition,
governments might give more emphasis to programs encouraging more efficient electricity
transmission and more efficient use of gas and electricity in factories, offices, and homes.

Conclusions

This PEIS is consistent with the requirements of Outer Continental Shelf Lands Act of
1953 (67 Stat. 462) as amended in 1988 (43 USC 1331 et seq.), NEPA (42 USC 4321), as
amended, and Council on Environmental Quality regulations for implementing NEPA
(40 CFR Part 1500). A scoping process was conducted to obtain input from stakeholders,
including individuals, public interest organizations, and governmental agencies, and this input
was used to develop the alternatives and issues analyzed in this PEIS.

On the basis of the analyses in this PEIS, the types of impacts that could occur during
routine Program activities would be the same among the action alternatives. The alternatives
differ primarily on the basis of where the impacts could occur, which is directly related to the
planning areas included in each alternative. Routine operations are expected to result in impacts
that range from negligible to major, with most being short-term and recovering following
completion of the routine activities. The greatest impacts would occur with a low-probability
catastrophic discharge event, but the nature and magnitude of impacts would depend on the
location, size, duration, and timing of the spill, the resources affected, and the effectiveness of
the spill containment and cleanup activities.
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ACSAR
ABC
ABM
ACC
ACIA
ACP
ADCED
ADEC
ADF&G
ADNR
AEB
AEWC
AFB
AFN
AHTS
Alaska OHA
AMMP
ANCSA
ANILCA
ANIMIDA
ANSC
ANWR
AO

BBB
Bbbl
bbl
bbl/yr
BBO
BBOE
Bcf
BCNP
BLM
BNWR
B.P.
bpd
BSAI
BTEX
BPXA

°C
l4c
CAA

USDOI
BOEM

ABBREVIATIONS AND ACRONYMS

Atlantic continental slope and rise

American Bird Conservancy

Alabama beach mouse

Arctic Coastal Current

Arctic Climate Impact Assessment

Arctic Coastal Plain

Alaska Department of Community and Economic Development
Alaska Department of Environmental Conservation
Alaska Department of Fish and Game

Alaska Department of Natural Resources

Aleutian East Borough

Alaska Eskimo Whaling Commission

Air Force Base

Alaskan Federation of Natives

anchor handling towing supply

Alaska Office of History and Archaeology
adaptive mitigation and management plan

Alaska Native Claims Settlement Act of 1971
Alaska National Interest Lands Conservation Act
Arctic Nearshore Impact Monitoring in Development Area
Aleutian North Slope Current

Arctic National Wildlife Refuge

Arctic Oscillation

Bristol Bay Borough

billion barrels

barrels

barrels per year

billion barrels of oil

billion barrels of oil equivalent

billion cubic feet

Big Cypress National Preserve

Bureau of Land Management (USDOI)
Breton National Wildlife Refuge

before present

barrels per day

Bering Sea and Aleutian Islands, Alaska
benzene, toulene, ethylbenzene & xylene
British Petroleum (Exploration) Alaska

degrees Centrigrade
carbon-14
Clean Air Act or conflict avoidance agreement
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CAH
CBM
CEC
CEl
CEQ
CER
CFC
CFR
CHg
CIAP
CIRI
cm
CMP
cm/s
CMSP
CO
CO»
COE
CPUE
CVI
CWA
CWPPRA
CZM
CZMA

dB

dB re 1 pPa-m
DDT

DHHS

DIN

DIP

DLP

DOSS

DPnB

DPS

DTNP

DWH

DWH oil spill

E&D
EA
ECOS
EDA
EEZ
EFH
EIA

Central Arctic Herd
Choctawhatchee beach mouse
Commission on Environmental Cooperation
Coastal Environments, Inc.

Council on Environmental Quality
categorical exclusion review
chlorofluorocarbons

Code of Federal Regulations
methane

Coastal Impact Assistance Program
Cook Inlet Region, Inc.

centimeter

coastal management program
centimeter per second

Coastal and Marine Spatial Planning
carbon monoxide

carbon dioxide

Corps of Engineers (U.S. Army)
catch per unit effort

coastal vulnerability index

Clean Water Act

Coastal Wetlands Planning, Protection, and Restoration Act
Coastal Zone Management

Coastal Zone Management Act

decibel

dB referenced to 1 micropascal within 1 meter of the source
dichlorodiphenyltrichloroethane

Department of Health and Human Services

dissolved inorganic nitrogen

dissolved inorganic phosphorus

defense of life and property

dioctylsulfosuccinate

dipropylene glycol n-butyl ether

distinct population segment

Dry Tortugas National Preserve

Deepwater Horizon

Deepwater Horizon MC252 Spill of National Significance

exploration and development
environmental assessment

Environmental Conservation Online System
estuarine drainage area

Exclusive Economic Zone

essential fisheries habitat

economic impact area
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EIS environmental impact statement

EJ environmental justice

ENP Everglades National Park

ENSO El Nifio-Southern Oscillation

EO Executive Order

ERS Economic Research Service (USDOA)
ESA Endangered Species Act

ESI Environmental Sensitivity Index

°F degrees Fahrenheit

FAD fish aggregation device

FCMA Fishery Conservation and Management Act of 1976
FDA fluvial drainage area

FEMA Federal Emergency Management Agency
FGBNMS Flower Garden Banks National Marine Sanctuary
FKNMS Florida Keys National Marine Sanctuary
FLM Federal land manager

FMC fishery management council

FMP fishery management plan

FOSC Federal On-Scene Coordinator

FPSO floating production, storage, and offloading
FR Federal Register

FS Forest Service (USDOA)

FSB Federal Subsistence Board

FWPCA Federal Water Pollution Control Act

FWS Fish and Wildlife Service (USDOI)

GCCF Gulf Coast Claims Facility

GINS Gulf Island National Seashore

GMFMC Gulf of Mexico Fishery Management Council
GOA Gulf of Alaska

GOM Gulf of Mexico

GRS geographic response strategy

GSA Geographic Society of America

GWP global warming potential

H»S hydrogen sulfide

ha hectare

HAPC habitat area of particular concern

HCA Habitat Conservation Area

HDDC high density deepwater communities

HIA Health Impact Assessment

HPA Habitat Protection Area

Hz hertz
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IBA
IPCC
IPHC
IUCN
IWC

kHz
KIB
km
km?2
km/hr
KPB
kwh

Ib

LCI

LMA

LME

LNG

LPB

LRRS

LSU CMI
LCWCRTF

m
m3

m3/s

m/s

m/yr
MAFLA
MAG-PLAN
MARPOL
Mbbl
MCF
mag/kg
mg/L

mi2
mi2/yr
ML

ml/L
MMbbl
MMPA
MMS
MODU
MPA

mph
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Important Bird Area

Intergovernmental Panel on Climate Change
International Pacific Halibut Commission
International Union Conservation Network
International Whaling Commission

kilohertz

Kodiak Island Borough
kilometer

square kilometer
kilometers per hour
Kenai Peninsula Borough
kilowatt hours

pounds

Lower Cook Inlet

Labor Market Area

Large Marine Ecoregion

liquefied natural gas

Lake and Peninsula Borough

Long-Range Radar Site

Louisiana State University Coastal Marine Institute

Louisiana Coastal Wetlands Conservation and Restoration Task Force

meter

cubic meter

cubic meter per second

meters per second

meters per year

Mississippi, Alabama, and Florida
MMS Alaska-GOM Modeling Using IMPLAN
International Convention for the Prevention of Pollution from Ships
million barrels

million cubic feet

milligrams per kilogram

milligrams per liter

square miles

square miles per year

Richter low magnitude

milliliters per liter

million barrels

Marine Mammal Protection Act
Minerals Management Service (USDOI)
mobile offshore drilling unit

Marine Protected Area

miles per hour
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MPPRCA Marine Plastic Pollution Research and Control Act
MPRSA Marine Protection Research and Sanctuaries Act
MRFSS Marine Recreational Fisheries Statistics Survey (NMFS)
MSA metropolitan statistical area

MSP marine spatial planning

Mw moment magnitude

NAAQS National Ambient Air Quality Standards

NAFTA North Atlantic Free Trade Agreement

NAO North Atlantic Oscillation

NASA National Aeronautics and Space Administration
NAST National Assessment Synthesis Team

NDBC National Data Buoy Center

NEPA National Environmental Policy Act

NGL natural gas liquid

NGO non-governmental organization

NHPA National Historic Preservation Act

NIC National Incident Command

NM nautical miles

NMFS National Marine Fisheries Service (USDOC, NOAA)
N2O nitrous oxide

NO> nitrogen dioxide

NOy nitrogen oxide

NOAA National Oceanic and Atmospheric Administration (USDOC)
NOC National Ocean Council

NORM naturally occurring radioactive material

NOy nitrogen oxides

NP National Park

NPDES National Pollutant Discharge Elimination System
NPFMC North Pacific Fishery Management Council

NPR-A National Petroleum Reserve—Alaska

NRDA Natural Resource Damage Assessment

NRDC National Resources Defense Council

NRHP National Register of Historic Places

NPS National Park Service (USDOI)

NRC National Research Council

NSB North Slope Borough

NSRE National Survey on Recreation and the Environment (NOAA)
NTL Notice to Lessees

NWA national wilderness area

NWR national wildlife refuge

NWS National Weather Service

0&G oil and gas

O3 ozone
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OBIS-SEAMAP Ocean Biogeographic Information System-Spatial Ecological Analysis of

OBM
OCD
OCS
OCSLA
OECM
OPA 90
OPAREA
OSAT
OSRF
oSsv

PAH
Pb
PCB
PCH
PCPI
PDO
PEIS
PICES
PINS
PKBM
PM
PM1o
PMo 5
ppb
ppm

ppt
PSD

RCRA
ROD
ROP
ROW

SAAQS
SABM
SBF
SCAT
SEED
SIP
SMB
SO»
SOy
SST

Megavertebrate Populations

oil-based mud

Offshore and Coastal Dispersion Model
Outer Continental Shelf

Outer Continental Shelf Lands Act
Offshore Environmental Cost Model
Oil Pollution Act of 1990

(military) operating area

Operational Science Advisory Team of the Unified Area Command
oil-spill financial responsibility
offshore supply vessel

polyaromatic hydrocarbons

lead

polychlorinated biphenyl

Porcupine Caribou Herd

per capita personal income

Pacific Decadal Oscillation

programmatic environmental impact statement
North Pacific Marine Science Organization

Padre Island National Seashore

Perdido Key beach mouse

particulate matter

particulate matter less than 10 microns in diameter
fine particulates less than 2.5 microns in diameter
parts per billion

parts per million

parts per thousan

Prevention of Significant Deterioration

Resource Conservation and Recovery Act
record of decision

required operating procedure
right-of-way

State Ambient Air Quality Standards

St. Andrew’s beach mouse
synthetic-based drill fluids

Shoreline Cleanup Assessment Team
Shelf Energetics and Exchange Dynamics
State Implementation Plan
synthetic-based muds

sulfur dioxide

sulfur oxides

sea-surface temperature
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SSDC
SUA
SUSIO

t
TAPS
Thbl
tcf
TcfG
TcfGE
TEIA
TERA
Tg
TLH
TMDL
TLSA
TTI/E

UClI
png/m3
pm
UNEP
pnPa
pPa-m
USCG
USDOC
USDOD
USDOE
USDOI
USDOT
USEPA
USFWS
USGS

VLOS
VOC

WA
WAH
WBF
WBM
WEA

yd3

BOEM

single steel drilling caisson
Special Use Airspace
State University System of Florida Institute of Oceanography

metric ton (tonne)

Trans—Alaska Pipeline System

trillion barrels

trillion cubic feet

trillion cubic feet of gas

trillion cubic feel of gas equivalent
Transboundary Environmental Impact Assessment
Troy Ecological Research Associates
teragram

Teshekpuk Lake Herd

total maximum daily load

Teshepuk Lake Special Area

Ten Thousand Islands/Everglades Unit

Upper Cook Inlet

migrograms per cubic meter
micrometer

United Nations Environment Programme
microPascal

microPascal at 1 meter

U.S. Coast Guard

U.S. Department of Commerce

U.S. Department of Defense

U.S. Department of Energy

U.S. Department of the Interior

U.S. Department of Transportation
U.S. Environmental Protection Agency
U.S. Fish and Wildlife Service

U.S. Geological Survey (USDOI)

very large oil spill
volatile organic compound

Wilderness Area
Western Arctic Herd
water-based fluid
water-based muds
Wind EnergyArea

cubic yards
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1 INTRODUCTION

1.1 BACKGROUND

Section 18 of the Outer Continental Shelf Lands Act (OCSLA) of 1953 (67 Stat. 462) as
amended in 1988 (43 USC 1331 et seq.) requires the U.S. Department of the Interior (USDOI) to
prepare a 5-year schedule that specifies, as precisely as possible, the size, timing, and location of
areas to be assessed for Federal offshore oil and gas leasing on the U.S. outer continental shelf
(OCS). The Federal action being evaluated is the preparation of this 5-year schedule. A
schedule is needed to increase the predictability of sales in order to facilitate planning by
industry, affected states, and the general public. The OCSLA also requires the 5-year leasing
schedule to be developed and maintained in a manner that is consistent with several management
principles. Within the USDOI, the Bureau of Ocean Energy Management (BOEM or the
Bureau) (formerly the Bureau of Ocean Energy Management, Regulation and Enforcement and
prior to that, the Minerals Management Service) must manage the OCS oil and gas program to
ensure a proper balance among oil and gas production, environmental protection, and impacts on
the coastal zone. OCSLA defines the OCS as all submerged lands lying seaward of State coastal
waters which are under U.S. jurisdiction. The BOEM is organized into four regional offices,
each of which is responsible for overseeing the safe and environmentally responsible
development of traditional and renewable ocean energy and mineral resources in four OCS
regions: Alaska, Pacific, Gulf of Mexico (GOM), and Atlantic — for a combined total of
1.7 billion acres of the OCS.

In recent years, the OCS oil and gas resources have been subject to suspensions of
activities or moratoria. In 1982, Congress imposed a moratorium on oil and gas leasing for
offshore California. Over the next decade, Congress expanded the moratorium to include almost
all Atlantic and Pacific planning areas. From 1990 through 2000, an Executive Withdrawal
enacted by President George H. Bush was in effect on a portion of the same OCS acreage subject
to the 1982 congressional moratorium. Separate and apart from the congressional moratorium,
the Executive Withdrawal served to independently limit offshore development. In 1998,
President Clinton extended the Executive Withdrawal through 2012. On July 14, 2008, however,
President George W. Bush lifted the OCS Executive Withdrawal. On August 1, 2008, the
Minerals Management Service (MMS) issued a Request for Comments for the preparation of a
new 5-year OCS leasing program to cover 2010 through 2015.

On January 21, 2009, a notice for Request for Comments on the Draft Proposed 5-Year
OCS Oil and Gas Leasing Program for 2010-2015 and the Notice of Intent to Prepare an
Environmental Impact Statement (EIS) for the Proposed 5-Year Program Draft Proposed
Program were published in the Federal Register (Federal Register, January 21, 2009,
Volume 74, Number 12, pages 3631-3635). On February 10, 2010, the Secretary of the Interior
extended the comment period by 180 days to September 21, 2009.

As a result of the comment period extension and the Bureau’s reconsideration of existing

policies and regulations in response to the Deepwater Horizon event on April 20, 2010, the time
period to be covered by the new program shifted from 2010-2015 to 2012-2017. The
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January 2009 Draft Proposed Plan remains the first of three draft decisions for the program (now
for 2012-2017) that will replace the existing 2007-2012 program. However, in response to
comments and other considerations, the Secretary has reduced the scope of the 5-year EIS to
exclude several planning areas that were originally included in the Draft Proposed Plan decision.

On April 2, 2010, the Bureau issued a Notice of Intent (NOI) to prepare an EIS with
respect to the OCS Qil and Gas Leasing Program for 2012-2017 (hereafter referred to as “the
Program”) and requested comments for the purpose of determining the scope of the EIS. The
updated strategy limited lease sales to the following planning areas: Beaufort Sea, Chukchi Sea,
Cook Inlet, the Central and Western GOM, and the area of the Eastern GOM excluded from
Congressional moratoria (see Figure 1-1). The NOI also announced that scoping meetings
would be held during June and early July 2010 in coastal States bordering the Mid- and South
Atlantic; Western, Central, and the portion of the Eastern GOM; and at several locations in
Alaska. Subsequently, on June 30, 2010, the Secretary announced that the scoping meetings
were postponed until later in 2010 because of the need for BOEM to focus on reviewing and
evaluating safety and environmental requirements of offshore drilling in response to the
Deepwater Horizon event and that a new public comment period would later be announced. On
December 1, 2010, the Secretary announced an updated oil and gas leasing strategy for the OCS.
Consistent with the Secretary’s direction to proceed with caution and to focus on leasing in areas
with current active leases, the area in the Eastern GOM that remains under a congressional
moratorium and the Mid- and South Atlantic Planning Areas were no longer considered for
potential sales and development through 2017. Therefore, scoping meetings were not held in
these areas. It was also announced that the Western GOM, Central GOM, and the Cook Inlet,
Chukchi Sea, and Beaufort Sea areas offshore Alaska would continue to be considered for
potential leasing in the Program.

Congress, in its yearly appropriations to the USDOI, continues to maintain an annual
moratorium on OCS oil and gas leasing in the Eastern GOM Planning Area with the exception
of a small area along the boundary between the Central and Eastern Planning Areas that was
excluded from the moratorium by the GOM Energy Security Act of 2006. Additionally,
Presidential moratoria have withdrawn all national marine sanctuaries from leasing through
June 30, 2017 (Hagerty 2011). On March 31, 2011, President Obama, under the authority of
Section 12(a) of the OCSLA, withdrew the Bristol Bay area of the North Aleutian Basin for
consideration of leasing through June 30, 2017. The Congressional and Presidential moratoria
prohibit future oil and gas leasing but do not apply to existing leases. Although there are current
leases in the Pacific region, no new OCS leasing will take place in the Pacific region under the
Program.

The BOEM has prepared this draft programmatic environmental impact statement (PEIS)
to assess the environmental, social, and economic impacts associated with the Program. The
following Federal, State, and local agencies are serving as cooperating agencies on the
development of the PEIS, due to their special expertise:

» U.S. Department of Commerce National Oceanic and Atmospheric
Administration (NOAA)
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FIGURE 1-1 OCS Planning Areas (planning areas being considered for the Program are shown in
yellow) See Figure 1-2 for details on the Eastern GOM Planning Area.

» The State of Alaska
« Alaska North Slope Borough (NSB)

The Program is scheduled to begin in November 2012. The Program consists of a
national schedule of potential OCS lease sales within 6 of the 26 OCS Planning Areas
(Figures 1-1 and 1-2). The Program will be the eighth such program prepared since Congress
passed the OCSLA in 1988. The Program establishes a framework for managing the OCS oil
and gas leasing in a manner that accounts for all of the factors required by OCSLA. It also
provides the public with a clear statement of the USDOI’s OCS leasing intentions during the
period from 2012 to 2017.

1.2 PURPOSE OF AND NEED FOR ACTION
The purpose and need of preparing a schedule of potential OCS oil and gas lease sales is

to “best meet national energy needs for the 5-year period following its approval” (43 USC 1344)
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by balancing the potential for adverse environmental and societal impacts with the beneficial
impacts of the discovery and development of oil and gas. In developing the 5-year leasing
schedule, BOEM considers regional and national energy needs; leasing interests as expressed by
possible oil and gas producers; applicable laws, goals, and policies of affected States, local
governments, and tribes; competing uses of the OCS; relative environmental sensitivity and
marine productivity among OCS regions; public input; and the equitable sharing of benefits and
risks among stakeholders.

Energy use in the United States is expected to continue to increase from present levels
through 2035 and beyond (EIA 2011). For example, the U.S. consumption of crude oil and
petroleum products has been projected to increase from about 19.1 million barrels (Mbbl) per
day in 2010 to about 21.9 Mbbl per day in 2035 (EIA 2011). Oil and gas reserves in the OCS
represent significant sources that currently help meet U.S. energy demands and are expected to
continue to do so in the future. The benefits of producing oil and natural gas from the OCS
include not only helping to meet this national energy need, but also generating money for public
use. In 2009, the OCS produced 2.5 trillion cubic feet (Tcf) of natural gas and more than
590 Mbbl of oil and condensate. These numbers represent 10 and 30%, respectively, of the total
U.S. domestic production of oil/condensate and natural gas in 2009. The Federal Government
has received, on average, more than $10 billion per year between 2000 and 2010 from OCS
bonuses, rental payments, and royalties. The highest revenues per year occurred in 2008, when
the government received $23.3 billion in total revenues.

1.3 ENVIRONMENTAL REVIEW UNDER NEPA

Section 18 of the OCSLA directs the USDOI to conduct environmental studies and
prepare any EIS required in accordance with the OCSLA and within Section 102(2)(C) of the
National Environmental Policy Act of 1969 (NEPA) (42 USC 4332(2)(C)). Under NEPA,
Federal agencies are required to prepare a “detailed statement for major Federal actions
significantly affecting the quality of the human environment” (NEPA 102(2)). The preparation
of this draft PEIS is also consistent with the Council on Environmental Quality (CEQ)
regulations (40 CFR 1502.4(b)), which state that “environmental impact statements may be
prepared and are sometimes required for broad Federal actions such as the adoption of new
agency programs or regulations (Section 1508.18). Agencies shall prepare statements on broad
actions so that they are relevant to policy and are timed to coincide with meaningful points in
agency planning and decision making.” The preparation of this draft PEIS is thus consistent
with, and meets the requirements of OCSLA, CEQ’s regulations for implementing NEPA and
USDOI’s regulations implementing NEPA (43 CFR 46).

The OCSLA leasing and development process consists of four major phases. The
Secretary first prepares a nationwide 5-year oil and gas leasing program that establishes a
schedule of lease sales. Thereafter, individual lease sales scheduled in the 5-year program are
held following a series of pre-lease planning actions. Once a lease is issued to an OCS lessee, an
Exploration Plan (EP) must be submitted for approval before an operator may begin exploratory
drilling on a lease. The EP establishes how the operator will explore the lease and includes all
exploration activities, the timing of these activities, information concerning drilling, the location
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of each well, and other relevant information. If the lessee discovers oil and/or natural gas, a
Development and Production Plan (DPP) must be submitted for agency approval. This DPP
includes how many wells, where these wells will be located, what type of structure will be used,
and how the operator will transport the oil and natural gas. The OCSLA also requires operators
to apply for permission prior to drilling wells, pursuant to an EP or, in most areas, a DPP.

In this phased process, the final PEIS may, through tiering, greatly assist subsequent lease
sale-specific analyses by allowing incorporation of relevant portions of the final PEIS into those
later analyses and NEPA documents. Tiering is defined by the CEQ (40 CFR 1508.28) as “the
coverage of general matters in broader environmental impact statements (such as national
program or policy statements) with subsequent narrower statements or environmental analyses
(such as regional or basin-wide program statements or ultimately site-specific statements)
incorporating by reference the general discussions and concentrating solely on issues specific to
the statement subsequently prepared.”

When a broad NEPA document such as a PEIS or environmental assessment (EA)
has been prepared, any subsequent site-specific assessment or evaluation can summarize
(and include by reference) the issues discussed in the broader document, and thus the site-
specific assessment can focus its analyses on project-specific issues of the particular proposed
action (40 CFR 1502.20). Following selection of the Program, any subsequent lease sale-
specific NEPA analyses and documentation may tier off the PEIS for the Program.

This draft PEIS is the first of many NEPA analyses that will be done for the activities that
occur as a result of the Program. The NEPA assessments, including EISs and EAs associated
with various stages of OCS oil and gas development, are shown in Table 1-1.

1.3.1 Scope of the PEIS

This draft PEIS was prepared to evaluate the environmental impacts of alternatives for
OCS oil and gas leasing under the Program, and presents those impacts in a comparative manner
that provides a clear basis for making a reasoned choice among the alternatives by the
decisionmaker. The analyses and evaluations in this draft PEIS and subsequent final PEIS are
intended to inform decisions on the size, timing, and location of leasing activity that will be
made to create the schedule of lease sales for the Program (43 USC 1344). The OCSLA requires
that, for potential leasing to occur in a specific planning area during the applicable 5-year OCS
oil and gas leasing program, the specific planning area in which the lease sale would be held
must be included in the 5-year program and its associated PEIS. Pursuant to the OCSLA
(1344(e)), the Secretary has the discretion to review the leasing program approved at least once
each year.

Portions of planning areas can be deferred from leasing during any 5-year oil and gas
program because of the presence of sensitive environmental resources, space-use conflicts, or
other reasons. The USDOI can also cancel or restrict the area offered in a lease sale based on
information, events, and other conditions that arise during any 5-year oil and gas program.
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TABLE 1-1 NEPA Assessments Conducted within the OCS Oil and Gas Leasing Program

Program
Level Program Stage NEPA Analysis? Geographic Scope Focus and Scope
Planning Program Programmatic EIS Continental Identification of program
areas and number and
schedule of lease sales
for the Program
Lease sale Lease sale EIS or EA  Planning area Identification of potential
impacts and mitigation
measures
ProjectP Exploration CER, EA, or EIS Lease block(s) Application and
Production CER, EA, or EIS Portion of lease block  enforcement of
Decommissioning CER, EA, or EIS Specific facility mitigation measures;

within a lease block monitoring of mitigation
effectiveness

& CER = categorical exclusion review; EA = environmental assessment; EIS = environmental impact
statement.

b The level of NEPA review at the project level is determined by the complexity of the project, risk factors
associated with the project, whether the project occurs in a frontier or mature OCS area, the technologies
being used for the project, and other factors.

Examples of the exercise of this authority occurred during the 2007-2012 oil and gas leasing
program (the Program) when the single sales scheduled in the North Aleutian Basin and offshore
Virginia were cancelled in 2010.

Because portions of planning areas (subareas) can be deferred during a 5-year leasing
program, the USDOI is maintaining maximum flexibility in fulfilling its OCSLA mandate to
provide for both the nation’s energy needs and protect the marine and coastal environment by
including in the Program all 6 OCS Planning Areas that were decided upon by the Secretary. If
conditions changed during the Program as a result of new information, technologies, or other
developments that mitigated the issues responsible for the deferral of a subarea, it would not be
possible to restore the subarea for leasing during the existing Program if it were not included in
the Program at the outset. There are some exceptions to the approach described above for the
5-year program; for example, the two subsistence deferrals in the Beaufort Sea and the 25-mi
no-leasing buffer in the Chukchi Sea have been deferred in past lease sales and have
subsequently been incorporated into past 5-year programs. These deferrals (described in detail in
Chapter 2 of this PEIS) will be included in the proposed action for the current 5-year leasing
program. BOEM may include additional deferral areas in future 5-year programs based on the
environmental analysis and regional determination for individual lease sales.

In addition, the detailed information and fine geographic scale needed to evaluate block-
by-block deferrals or other mitigations in a specific planning area are not available or appropriate
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for the PEIS, which needs to adopt a broad geographical scale for its national coverage.
Decisions about exclusions and mitigations are premature at the programmatic stage when the
focus is the development of a leasing program that identifies how many sales will be included in
the program, where to have the sales, and when to schedule the sales. The PEIS informs these
decisions by identifying areas, environmental resources, and types of OCS activities that, acting
together, suggest the potential for significant interactions between environmental resources and
OCS-related activities that could result in significant impacts. In this way, the PEIS identifies
the broad issues that will likely require more focused and fine-scale evaluations in subsequent
NEPA assessments, leading to the possible development and application of mitigations, should
leasing and development actually occur.

1.3.1.1 Incomplete and Unavailable Information

CEQ regulations require an agency to obtain, or explain why it cannot obtain, relevant
information about reasonably foreseeable significant adverse impacts that is essential to a
reasoned choice among the alternatives presented in an EIS (40 CFR 1502.22). This PEIS
provides the level of NEPA analysis corresponding to the first stage of the Program. The PEIS
sets forth alternatives for the Secretary to consider and analyzes issues of programmatic concern,
which pertain to the Program as a whole.

Programmatic-level analyses and decisions do not require the same detailed analysis that
may be necessary at a later stage in the OCS leasing process. Lease sale-specific issues, such as
determining which stipulations should apply to a lease sale, are not ripe for analysis at the
programmatic stage. Resolving uncertainty related to significant adverse effects on some
resources, such as that surrounding global climate change impacts in the Arctic and the potential
environmental baseline change brought about by the Deepwater Horizon (DWH) event in the
GOM, is not essential at this programmatic stage. In the instances of missing resource-specific
information noted in the PEIS, it was determined that the information was not essential to the
Secretary’s choice among alternatives at this broad, programmatic decision point because the
Secretary is only establishing a schedule of potential lease sales. The Secretary maintains the
discretion to delay and cancel lease sales that are part of an approved program. On the other
hand, the Secretary will not have the discretion to add program areas that are not included in the
Program without program re-approval. It would be imprudent to foreclose program areas at this
time based on uncertainty due to incomplete and unavailable information. Over the course of the
Program, information relevant to decision making may become available before the decision
maker is actually deciding to hold a specific lease sale.

This PEIS presents the information necessary for the Secretary to make a general
planning decision, which will be implemented in the future through a series of subsequent,
planning area-specific decisions that authorize lease sales and OCS exploration and development
activities. To the degree possible, the PEIS uses scientifically credible information and uses
accepted scientific methods to make reasoned judgments and arrive at reasoned conclusions.
Moreover, some of the missing information, such as definitive information about baseline
changes to resources in the GOM resulting from the DWH event, will not be available in a time
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frame relevant to timely fulfillment of the OCSLA statutory mandate to establish a program
every five years.

1.3.2 Public Involvement

As previously discussed, the development of the Program includes preparation of this
draft PEIS which, in accordance with NEPA, analyzes the potential effects of the adoption of a
schedule of proposed lease sales that identifies the size, timing, and location of proposed leasing
activity. The content of a PEIS is based on a process called “scoping.” The regulations
implementing NEPA require that scoping be included in the environmental analysis process
(40 CFR 1501.7). Scoping for this draft PEIS included several key elements: (1) gathering
information and ideas from the public and elsewhere about the analytical issues related to the
Program; (2) making determinations about which issues should be analyzed; and (3) identifying
alternatives to the proposal that warranted analysis. The scoping process is dynamic in that it
begins before the draft PEIS analyses are initiated and continues throughout the period of
document preparation.

In January 2009, the previous Administration published a Draft Proposed Program and a
NOI to prepare an EIS that set out a schedule for scoping meetings in the areas of the Draft
Proposed Plan. In February 2009, the Secretary of the Interior extended the comment period on
the Draft Proposed Plan and postponed the scoping meetings to allow time to consider further
public comment before determining which areas in the Draft Proposed Plan should be scoped
and analyzed for consideration in the subsequent program proposals. A preliminary revised
program for 2012-2017 was proposed on March 31, 2010, and on April 2, 2010, an NOI to
prepare and scope the 2012-2017 OCS oil and gas leasing program PEIS was published in the
Federal Register (75 FR 16828). That NOI invited the public to provide comments on the scope
and content of the PEIS and identified as many as 14 locations where public scoping meetings
could be held to obtain comments.

On June 30th, 2010, Secretary of the Interior Salazar announced that the public scoping
meetings would be postponed in response to the Deepwater Horizon event. The additional time
would be used to evaluate safety and environmental requirements of offshore drilling. On
December 1, 2010, Secretary Salazar announced an updated oil and gas strategy for the OCS.
The new strategy continued a moratorium for areas in the Eastern GOM (Figure 1-2) and
eliminated the Mid-Atlantic and South Atlantic Planning Areas from consideration for potential
sales and development through the 2017 planning horizon. The Western GOM, Central GOM,
Eastern GOM (only a very small portion thereof), Cook Inlet, Chukchi Sea, and Beaufort Sea
OCS Planning Areas (Figure 1-1) would continue to be considered in the PEIS. Subsequently,
on January 4, 2011, a Notice of Scoping Meetings for the proposed 2012-2017 OCS oil and gas
leasing program PEIS was published in the Federal Register (76 FR 376) and a second scoping
period was conducted from January 6, 2011, through March 31, 2011. During this scoping
period, public scoping meetings were scheduled for 12 locations in Alaska, Texas, Louisiana,
Alabama, and Washington, D.C. In addition, BOEM received comments through the mail and
maintained a public website to accept electronic scoping comments.
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Recent EISs and EAs for GOM and offshore Alaska oil and gas lease sales provided
additional scoping information. Many of the analytical issues raised during the lease sale review

process are

applicable to this draft PEIS for the proposed Program. Subject matter experts at

BOEM also identified analytical issues relevant to the draft PEIS analyses. In addition,
alternatives developed for past leasing program proposals were reviewed to determine whether it
would be appropriate to analyze any of them in detail in this PEIS.

Through the scoping process, the following major issues were identified for consideration
in preparing the draft PEIS:

Oil and gas activities that could cause impacts (termed “impact-producing
factors™);

Ecological resources that could be affected by oil and gas activities;

Social, cultural, and economic resources that could be affected by oil and gas
activities;

Human health;
Climate change;
Regulatory oversight and safety; and

Oil spills.

In addition, comments received through the scoping process provided suggestions for
alternatives to be considered in the PEIS. These suggestions fell into the following major

categories:

Prohibiting leasing and development in one or more planning areas;

Limiting leasing and development to specific areas on the OCS (e.g., no deep
water);

Including more OCS planning areas than the six identified in the proposed
action;

Developing new, or expanding existing, deferral areas; and

Developing alternative energy sources to replace oil and gas.

The alternatives evaluated in this draft PEIS, as well as those considered but removed
from further consideration, are discussed in Chapter 2 of this draft PEIS.

Introduction
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This draft PEIS considers mitigation measures already established and required by
existing statutes or regulations, as well as sale-specific measures (stipulations) that were
commonly adopted in past sales and that will likely be implemented for any lease sales that
would occur under the Program. However, it is at the lease sale stage that more detailed and
geographically focused analyses are conducted to evaluate the magnitude of potential impacts
and, if needed, to develop effective mitigation strategies to reduce the magnitude of those
potential impacts to acceptable levels. Therefore, the impact analyses presented in this PEIS
assume implementation of mitigation measures that are required by statute or regulation as well
as sale-specific mitigation measures (stipulations) commonly adopted in past sales (see
Appendix B: Assumed Mitigation Measures). This draft PEIS also assumes that existing
mitigations in areas with currently active leases, such as the GOM and parts of Alaska, will be
applied to areas included in the Program that do not have a history of OCS activity.

1.4 ANALYTICAL ISSUES

A number of analytical issues, many of which are addressed in this draft PEIS, were
identified during scoping. These include the geographic scope of the PEIS, the analytical scope
of the PEIS, the impacting factors to be considered in the analyses, and the resources that may be
affected by the Program. These analytical issues are discussed below.

1.4.1 Geographic Scope

There are 26 planning areas on the OCS, and six of these have been identified for leasing
consideration as part of the Program (Figure 1-1). Twenty planning areas located along the
Atlantic, Pacific, Florida, and Alaskan coasts are neither part of the proposed action nor analyzed
in any alternative considered in this draft PEIS.

1.4.2 Analytic Scope

The analyses conducted in preparation of this draft PEIS were based on current,
available, and credible scientific data. Interpretation of these scientific data was used to evaluate
direct, indirect, and cumulative impacts associated with the proposed action and alternatives.
Throughout this PEIS, Alternative 1 (referred to herein as the proposed action) is used as the
default scenario on which to base analysis of potential impacts. This does not mean that
Alternative 1 has already been chosen as the operative alternative for the Program. Rather, the
proposed action includes the largest geographic scope of any of the alternatives contemplated, so
using it to analyze impacts results in the most all-inclusive analysis possible, compared to the
other alternatives presented. The proposed action is the alternative that has the potential to cause
the greatest impacts, with each of the other alternatives representing, in effect, a subset of the
proposed action. Therefore, using the proposed action as the basis for analysis provides the most
complete and meaningful assessment of potential impacts.
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As a programmatic evaluation, this draft PEIS does not evaluate site-specific issues that
would be associated with specific lease sales in specific planning areas. As previously discussed,
a variety of location-specific factors (such as water depth, sea floor topography, distance from
shore, ecological communities, and the presence of threatened and endangered species and
cultural resources) may vary considerably, not only between planning areas but also among lease
sale blocks within individual planning areas. In addition, variations in project design and study
(including the seismic survey approach and technology selected) will influence and/or determine
the nature and magnitude of impacts that might occur with a given lease sale. The combined
effect of these location-specific and project-specific factors cannot be fully anticipated or
addressed in a programmatic analysis, and can only be evaluated at the lease-sale or finer level.

1.4.3 Impact-Producing Factors

Several types of impact-producing factors were identified that warrant consideration. All
of the following impact-producing factors are included in the exploration and development
scenarios for the proposed action presented in Section 4.4, and are evaluated as applicable in the
resource-specific impact evaluations presented elsewhere in Chapter 4. In addition, the
cumulative impact analysis includes activities unrelated to OCS development but relevant to
assessing cumulative impacts (Section 4.6). The impact-producing factors related to OCS
development that were identified include:

» Accidental oil spills including those from loss of well control, production
accidents, transportation failures (e.g., from tankers, other vessels, seafloor
and onshore pipelines, and storage facilities), and low-level spillage from
platforms.

« The offshore and onshore disposal of liquid wastes, including well drilling
fluids (i.e., drill muds), produced water, ballast water, and sanitary and
domestic wastewater generated by OCS-related activities.

+ Solid waste disposal, including material removed from the well borehole
(i.e., drill cuttings), solids produced with the oil and gas (e.g., sands), cement
residue, bentonite, and trash and debris (e.g., equipment or tools) accidentally
lost, including those that contain materials such as mercury that may
bioaccumulate.

» Gaseous emissions from offshore and onshore facilities and transportation
vessels and aircraft.

» Noise from seismic surveys, ship and aircraft traffic, drilling and production
operations, and explosive platform removals.

» Invasive species whose introduction may be facilitated by activities associated

with the construction of offshore facilities or with the movement of materials
and equipment by way of transportation systems.
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» Physical impacts from ship and aircraft traffic and use conflicts with oil
tankers and barges, supply/support vessels and aircraft, and seismic survey
vessels and aircraft.

» Physical emplacement, presence, and removal of facilities, including offshore
platforms; seafloor pipelines; floating production, storage, and offloading
systems; onshore infrastructure such as pipelines, storage, processing, and
repair facilities; ports; pipe coating yards; refineries; and petrochemical plants.

« Other activities including oil spill response (cleanup), including both response
and recovery under extreme sea and ice conditions.

 Interaction of oil and gas industry workers and local residents, including
interaction associated with the employment of local residents.

In addition to the activities that may result from the proposed action, the draft PEIS
considers natural processes and phenomena that could cause indirect impacts by affecting the
safe conduct of OCS oil and gas exploration, production, and transportation activities, or the
environmental conditions under which these activities occur. These include geologic hazards
such as earthquakes and continental slumping; gas hydrates; physical oceanographic processes
such as water currents, sea ice, and waves; subsea permafrost; shoreline erosion; and
meteorological and climatic events and processes such as hurricanes and climate change,
including global warming and ocean acidification. The draft PEIS also considers space-use
conflicts with military operations in designated offshore military areas and potential future
alternative uses of the OCS, including the program for alternative energy development and
production and alternate use of offshore facilities. It also considers the effects of the OCS oil
and gas leasing program on the introduction of invasive species into U.S. waters.

This draft PEIS gives particular attention to the issue of climate change, based on the
observed changes that have been occurring during the past several decades, particularly in the
Arctic environments in Alaska. Chapter 3 presents a discussion of climate change and baseline
conditions (Section 3.3), while many of the subsequent resource-specific discussions of the
affected environment include discussions of the effects of ongoing, observable climate changes
for those resources. Additional analyses are included in the cumulative analysis (Section 4.6) in
which the impacts of the continuing trend in climate change during the life of the proposed
action are evaluated along with all other factors affecting the resource.

1.4.4 Potentially Affected Resources
This draft PEIS evaluates resources that may potentially be impacted by oil and gas
leasing and development under the Program. The resources evaluated include not only natural

resources (physical and biological) but social, cultural, and economic resources as well. The
natural resources and topics evaluated in this draft PEIS are as follows:
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Water Quality (including marine and estuarine areas). The water quality
issues are related primarily to marine water quality and how changes in water
quality caused by OCS activities could affect biological resources (for
example, by potentially contributing to the GOM hypoxia zone).

Air Quality. The principal concern is the transport of offshore emissions to
onshore areas leading to potential violations of Federal and State air quality
standards intended for the protection of human health and welfare.

Biologic Resources. Primary concerns are related to habitat disturbance or
loss (including designated critical habitats, pursuant to ESA, and habitat areas
of particular concern, pursuant to the Magnuson-Stevens Act), direct physical
impacts on biota, and disturbance of normal behaviors (feeding, courtship,
migration) by OCS-related activities.

Socioeconomic and Sociocultural Resources. Socioeconomic and
sociocultural resources included potential impacts on tourism, recreation,
commercial fishing, subsistence harvests, aesthetics, local economy, land and
water use conflicts, equitable sharing of program benefits and burdens,
disproportionate impacts on Louisiana, and disproportionate impacts on
Alaska Natives.

USDOI
BOEM

The issues we examine in this draft PEIS regarding possible impacts on biology and
ecology fall into three main categories: animals, plants, and habitats or ecological systems.
Among the animal groups identified as needing analysis for potential program impacts were
marine mammals, birds, fish, and sea turtles. Special attention was drawn to migratory species,

species taken commercially and for Alaska Native subsistence (including whales, fish, and

birds), and threatened and endangered species. With respect to habitats or systems, both marine
(e.g., sanctuaries, marine parks/preserves, seagrasses, mangroves, and “hard bottom” areas) and
coastal (e.g., estuaries, wetlands/marsh, intertidal zone, seashore parks) areas were identified as
subject to possible adverse impacts. The issue of bioaccumulation is also discussed in this draft

PEIS.

The specific biological and ecological resources analyzed in detail are:

Marine mammals, including a variety of endangered and nonendangered
cetaceans (e.g., whales, dolphins, etc.), pinnipeds (seals, sea lions, walruses),
sea otters, and polar bears.

Terrestrial mammals, including caribou and grizzly/brown bear in the Arctic,
and five species of federally listed mice and voles that inhabit certain coastal
areas of the GOM.

Birds, including a variety of endangered and nonendangered seabird,

shorebird, waterfowl, and raptor species. Particular concern was identified for

migratory species, including those taken for Alaska Native subsistence.

Introduction
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« Fish, including a variety of finfish and shellfish species used for commercial
or recreational purposes. Particular concern was identified regarding chronic
pollution from polycyclic aromatic hydrocarbons. Particular concern was also
identified for salmon in Alaska.

* Reptiles, including sea turtles.

» Coastal habitats, including wetlands, estuaries, seagrass and kelp beds,
mangroves, dunes, beaches, and barrier islands.

» Lower trophic level organisms and food chains.
« Open water habitats, such as Sargassum mats.

+ Seafloor habitats, including submarine canyons, topographic features, corals,
live bottom areas (benthic environments), and seeps (e.g., brine and oil seeps).

» Areas of special concern, including coastal and marine sanctuaries, parks,
refuges, reserves, sanctuaries, and forests. Particular concern was raised in
regard to “essential fish habitat” as designated by the U.S. Department of
Commerce (USDOC) National Marine Fisheries Service (NMFS).

Specific concerns regarding social, cultural, and economic resources included potential
impacts on tourism, recreation, commercial and recreational fishing, subsistence harvests,
aesthetics, local economy (especially the “boom/bust” phenomenon), land and water use
conflicts, equitable sharing of program benefits and burdens, and disproportionate impacts to
certain populations. The social, cultural, and economic topics analyzed in this PEIS are as
follows:

» Population, employment, income, and public service issues from the effects of
the Program, including issues of “boom/bust” economic cycles.

« Land use and infrastructure, including construction of new onshore facilities,
and land use and transportation conflicts between the oil and gas development
and other uses.

« Sociocultural systems effects were primarily identified with respect to Alaska.
These include concerns about the effects on subsistence (e.g., bowhead whale
hunting), loss of cultural identity, psychological health of people, and social
costs of lease sales and oil spills.

« Environmental justice (e.g., the potential for disproportionate and high
adverse impacts on minority and/or low-income populations [Executive
Order 12898]).

» Fisheries; commercial, subsistence, and recreational.
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« Tourism and recreation, including the use of coastal areas for sightseeing,
wildlife observations, swimming, diving, surfing, sunbathing, hunting, fishing,
and boating, as well as visual impacts of offshore OCS structures.

» Archaeological resources, including historic shipwrecks and surface or
subsurface sites that had been inhabited by humans during prehistoric times.

1.4.5 Issues Not Analyzed in This PEIS

The following discussions address issues mentioned during scoping that were not
analyzed in this PEIS. These issues include concerns about affected resources or analytical
techniques employed in the PEIS.

1.4.5.1 Worker Safety

Generally, concerns mentioned regarding worker safety risks from OCS oil and gas
development were broad and not defined during scoping. The issue of worker safety is more
appropriately considered during the review of individual lease exploration and development
proposals. The OCSLA and the implementing regulations require that all drilling and production
operations use the best available and safest technologies. A principal reason for this requirement
is to minimize the adverse effect of OCS operations on human safety. BOEM considers whether
a proposed project would be conducted in a manner that conforms to the many specific
requirements developed to protect worker safety during the review of proposals to conduct lease
operations. BOEM can best determine at that time whether additional measures are needed to
reduce the potential for accidents that affect safety.

1.4.5.2 Proposed Seismic Inventory

Many comments were received through the scoping process on the issue of conducting
seismic surveys to identify potential OCS U.S. oil and gas resources. Industry must hold leases
before it commits to very expensive exploration drilling activities. Generally, industries, States,
and individuals supportive of OCS petroleum development favored this idea, and those against
OCS development opposed it. Those in favor argued that it was prescribed in duly enacted law,
it would support national energy planning, and it would provide information relevant to the
equitable sharing of the benefits and burdens of the OCS leasing program. Those against oil and
gas leasing and development on the OCS argued that it would subvert previous laws and policies
(e.g., coastal zone management and Congressional moratoria), it might not comply with all
NEPA requirements, and it might create pressure to develop areas that are currently under
Congressional moratoria and Presidential withdrawals. The procedures under which a seismic
inventory for all of the oil and gas resources on the OCS might be conducted are not yet
established and are, therefore, unrelated to the Program and not addressed in this PEIS.
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1.4.5.3 Neighboring Countries Drilling on OCS Border with the United States

It was suggested that the United States should lease selected tracts on the OCS to counter
petroleum development being planned by foreign countries, such as Cuba. It was suggested that
this would protect U.S. mineral rights in border areas. The issue of foreign governments
exploring and developing petroleum resources in their territorial waters is unrelated to the
Program and is, therefore, not addressed by this draft PEIS. This issue of international mineral
rights is more appropriately addressed by the U.S. Department of State than by BOEM.

1.4.5.4 Biological Assessment and Opinion for Threatened and Endangered Species

Section 7(a)(2) of the Endangered Species Act (ESA) (16 USC 1536(a)(12)) requires
every Federal agency, in consultation with and with the assistance of the Secretary of the Interior
and the Secretary of Commerce, to ensure that any action it authorizes, funds, or carries out in
the United States or upon the high seas is not likely to jeopardize the continued existence of any
listed species or result in destruction or adverse modification of critical habitat. Section 402.02
defines “action” as “all activities or programs of any kind authorized, funded, or carried out in
whole or in part.” Preparing the Program does not fit the definition of a Federal action because
no OCS activities are being “authorized, funded, or carried out” at this Program level.

Therefore, ESA Section 7 consultation (whether informal or formal) at the leasing program level
is premature.

The OCS oil and gas leasing program, as required by Section 18 of OCSLA
(43 USC 1344), identifies a proposed schedule of lease sales and prospective areas of the OCS
that the Secretary of the Interior believes will best meet U.S. energy needs. The leasing program
process and subsequent Secretarial decisions are based on the four main principles of Section 18
that dictate which areas are reasonable for consideration of leasing in the upcoming 5-year time
frame. The Program will define, as broadly as possible, the portion of each planning area that is
proposed for subsequent leasing consideration. Decision options for the leasing program are
preserved for the Secretary at the time the decision is made for each sale. Therefore, it is at the
lease sale stage that BOEM begins ESA Section 7 consultations.

In further support of the position not to consult at the leasing program stage, the U.S. Fish
and Wildlife Service (USFWS) and NMFS, in their final rulemaking establishing procedural
regulations for Section 7 consultations (51 FR 19926), clarified that informal and formal
consultations are a “post-application process when applicants are involved.” BOEM would not
approach this stage until a lease sale is held and a qualified bid is accepted. Further, we believe
the intent of Congress when passing the ESA was to exclude consultations on actions that are
remote or speculative in nature. While the following quote addresses ESA Section 7 early
consultations (a pre-application process defined in the above-referenced Federal Register
notice), we believe it clearly expresses Congress’ intent and is consistent with our position.

“The Committee expects that the Secretary will exclude from such early

consultation those actions which are remote or speculative in nature and to
include only those actions which the applicant can demonstrate are likely to
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occur. [...] The Committee further expects that the guidelines will require the
prospective applicant to provide sufficient information describing the project,
its location, and the scope of activities associated with it to enable the Secretary
to carry out a meaningful consultation.” (H.R. Rep. No. 567, 97th Cong.,

2nd Sess. 25 [1982])

Ultimately, decisions regarding the size and configuration of a lease sale area, lease
stipulations, and some mitigation measures are determined by the presale process. Prior to the
presale process, greater uncertainties exist. Some of the uncertainties may result from an
industry firm’s interest in a particular area and its willingness to bid, which depend, in part, on
continually changing perceptions about potential benefits that might result. Limitations on
predicting a firm’s investment decisions also limit the ability to predict OCS activities. With so
much uncertainty at this Program stage, ESA consultation would be premature.

1.4.5.5 Life Cycle Effects of Oil and Gas Development

A recommendation was made that the PEIS address all reasonable effects of new oil and
gas development, production, and consumption. Such “full cycle” effects would include oil and
gas exploration, construction and placement of infrastructure, continued drilling, production,
processing, treatment, refining, transportation and storage, final decommissioning, and ultimate
consumption of the finished product. Additionally, the contribution of OCS development and
OCS oil and gas consumption activities to global warming was stressed.

The scope of the proposed action analyzed in this draft PEIS encompasses the
exploration, development, production, and transport of crude oil, and decommissioning. The
consumption of the refined oil is not considered because the scope of this draft PEIS is limited to
issues that have a bearing on the decisions for the proposed leasing program. Consumption of oil
and gas is considered at a broader level when decisions are made regarding the role of oil and gas
generally, including domestic production and imports, in the overall energy policy of the
United States. At the refinery stage, OCS oil is mixed with oil from other sources such that the
OCS contribution to subsequent environmental impacts is not separable.

1.4.5.6 Resource Estimates and Impact Analyses

A concern was expressed that petroleum resource reserves should not be linked to
conclusions for environmental impacts. It was felt that low oil resource estimates, and
subsequent low probabilities of commercial finds, may erroneously be equated with insignificant
environmental impacts. The draft PEIS does not equate oil and gas resource estimates and
impact significance. We assess the potential impacts of exploration, production, transporting
crude oil and gas, and decommissioning on environmental resources, including the potential
impacts of a large oil spill, of the proposed action and alternatives, regardless of the oil resource
estimate. The analytical conclusions reflect the likely impacts of routine activities as well as
those that could occur in the event a large spill contacted the resource. The estimated number of
large spills that could occur is a function of the assumptions regarding anticipated (future)
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production. Therefore, the impacts could be greater on some environmental resources because
they could be exposed to more large spills than other environmental resources. If exploration
fails to identify oil and gas projects that are commercially feasible, then no development would
occur and the only impacts will be associated with exploration activities.

A suggestion was made that the analysis of relative marine productivity should not be
limited to a measure of the primary productivity of marine plants. This measure is used because
it is well documented and understood. However, we agree that it should not be the only factor
used; therefore, BOEM uses other information as well in its consideration of the productivity of
marine environments.

A suggestion was made that the environmental cost analysis model should consider the
impact of catastrophic events on unique resources. We think that probabilistic models are not an
appropriate venue for analyzing events with highly uncertain probabilities. For this reason,
catastrophic events are being considered separately.

A suggestion was made in the Alaska region that BOEM use development scenarios that
reflect the concerns of affected communities rather than such industry-related factors as water
depth and proximity to existing infrastructure. As is the intent of CEQ guidance, our
development scenarios are constructed to identify those events that are most likely to happen to
better focus the analysis of future activities. However, we address the concerns of affected
communities in the analyses of such topics as possible impacts on species and on subsistence.

1.5 ORGANIZATION OF THIS PEIS
This draft PEIS is organized as follows:

» Chapter 1 provides background information, identifies the purpose and need
for the action, and discusses scoping and analytical issues.

» Chapter 2 describes the alternatives evaluated in the draft PEIS, identifies
alternatives considered but not evaluated in the draft PEIS, and presents a
summary comparison of the environmental impacts of the alternatives.

» Chapter 3 provides an overview of the marine and coastal ecoregions where
oil and gas development under the Program may occur and presents
descriptions of the physical, natural, cultural, and economic resources or
conditions that may potentially be affected by the proposed action and other
alternatives.

» Chapter 4 describes the impact-producing factors associated with routine
operations under each phase of OCS oil and gas development, discusses
accidental events and spills, describes the impact analysis approach of the
draft PEIS, and defines impact levels. This chapter also discusses the
relationship of the physical environment to oil and gas development and
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identifies issues of programmatic concern. Finally, Chapter 4 presents the
exploration and development scenarios, as well as the accidental oil spill
scenarios, assumed for this draft PEIS; discusses the potential impacts of these
scenarios for each alternative; and discusses the potential cumulative impacts
of the alternatives.

« Chapter 5 identifies the unavoidable adverse impacts associated with the
alternatives.

« Chapter 6 discusses the relationship between short-term use of the
environment and long-term productivity.

« Chapter 7 discusses the significant irreversible and irretrievable commitments
of natural and manmade resources.

« Chapter 8 discusses the process used for preparing the Program and the list of
agencies, organizations, governments, and individuals that received the draft
PEIS.

» Chapter 9 lists the names, education, and experience of the persons who
helped to prepare the draft PEIS. Also included are the subject areas for
which each person was responsible.

» Appendix A presents a glossary of terms used throughout this draft PEIS.

» Appendix B identifies the mitigation measures that are required by existing
statutes or regulations, as well as sale-specific measures (stipulations) that
were commonly adopted in past sales and that are assumed will be
implemented for any lease sales that would occur under the Program.

« Appendix C identifies all Federal laws and Executive Orders that would apply
to leasing under the Program.

1.6 REFERENCES

EIA (U.S. Energy Information Administration), 2011, Annual Energy Outlook 2011, Office of
Integrated and International Energy Analysis, Washington, D.C.

Hagerty, C.L., 2011, Outer Continental Shelf Moratoria on Oil and Gas Development, CRS

Report to Congress, 7-5700, R41132, Congressional Research Service, Washington, D.C.,
May 6.
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2 ALTERNATIVES INCLUDING THE PROPOSED ACTION

The Notice of Intent (NOI) for this draft Programmatic Environmental Impact Statement
(PEIS), which was published on April 2, 2010 (75 CFR Part 63: 16828-16829), identified
eight OCS planning areas for possible inclusion in the 2012-2017 OCS oil and gas leasing
program (the Program), but identified no specific lease sale alternatives. The eight planning
areas identified in that NOI were as follows:

« The Beaufort Sea, Chukchi Sea, and Cook Inlet Planning Areas in Alaska.

» The Western, Central, and Eastern Gulf of Mexico (GOM) Planning Areas,
with the latter focusing on a small area along the western boundary of this
planning area.

« The South and Mid-Atlantic Planning Areas.

Subsequently, on December 1, 2010, the Secretary of the Interior announced an updated
oil and gas leasing strategy for the OCS (FR Notice; FR Doc. 2010-33149). Consistent with the
Secretary’s direction to proceed with caution and focus leasing in areas with current active
leases, the area in the Eastern GOM Planning Area, which remains under a Congressional
moratorium (except for the area not restricted from leasing and development per the Gulf of
Mexico Energy Security Act of 2006 as indicated in Figure 1-2 of this DEIS), and the South and
Mid-Atlantic Planning Areas were dropped from consideration for potential sales and
development through 2017, and thus are no longer under consideration in this PEIS.

The following six OCS planning areas are thus considered in this PEIS.
» The Beaufort Sea, Chukchi Sea, and Cook Inlet Planning Areas in Alaska.

« The Western, Central, and Eastern GOM Planning Areas, with the latter
focusing only on a small area along the western boundary of this planning
area.

This draft PEIS analyzes eight alternatives for the leasing of Federal offshore lands by the
U.S. Department of the Interior (USDOI), Bureau of Ocean Energy Management (BOEM), under
the Program.

The draft PEIS analyses assume the implementation of all mitigation measures required
by statute, regulation, or lease stipulations. All BOEM sale proposals include rules and
regulations prescribing environmental controls applicable to lease operators. Lease stipulations,
OCS regulations, and other measures provide a regulatory base for implementing environmental
protection on leases issued as a result of a sale. The BOEM Environmental Studies Program and
the analyses and monitoring of activities in a sale area provide information used in formulating
the Agency’s regulatory control over the activities that occur during the life of the leases. This
PEIS also assumes that Bureau of Safety and Environmental Enforcement (BSEE, formerly part
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of BOEMRE will continue to use its broad permitting and monitoring and enforcement authority
to ensure safe operations and environmental protection, including use of the best available and
safest technologies and requiring existing mitigations. The PEIS assumes that BOEM will
continue to monitor operations after drilling has begun and will carry out periodic inspections of
facilities (in certain instances, in conjunction with other Federal Agencies such as the

U.S. Environmental Protection Agency [USEPA]) to ensure safe and clean operations over the
life of the leases. The 7 action alternatives listed below are not mutually exclusive, and the
Secretary has the discretion to combine alternatives. These alternatives include the following:

« Alternative 1 — Proposed Action

Under the proposed action, there would be as many as 15 lease sales distributed among
the six OCS planning areas, including 12 sales in the GOM and 3 sales in Alaska. The GOM
sales include five annual sales in each of the Central and Western Planning Areas and up to two
sales in a small area of the Eastern GOM Planning Area that includes 83 lease blocks being
considered for this Program (Figure 1-2). The Alaska sales would include one sale in each of the
Beaufort Sea and Chukchi Sea Planning Areas and one special interest sale in Cook Inlet. Under
the special interest sale process, BOEM issues an annual request for nominations and
information and will move forward with the lease sale process only after consideration of the
comments received in response to the annual request. If industry interest reflected in the
comments is sufficient, the lease sale process will proceed. If interest is not sufficient to support
consideration of a sale, the lease sale process will not proceed and another request will be issued
the following year and so through the 5-year schedule, until a sale is held or the 5-year period
expires.

Neither the proposed action nor any alternative to the proposed action includes
consideration of leasing in the Pacific or Atlantic OCS regions. The OCS Planning Areas
included in the proposed action are shown in Figure 2-1. All the other “action” alternatives,
i.e., Alternatives 2 through 7, are the same as the proposed action, except as specified below.

« Alternative 2 — Exclude the Eastern Planning Area for the duration of the
Program

« Alternative 3 — Exclude the Western GOM Planning Area for the duration of
the Program

« Alternative 4 — Exclude the Central GOM Planning Area for the duration of
the Program

» Alternative 5- Exclude the Beaufort Sea Planning Area for the duration of the
Program

« Alternative 6 — Exclude the Chukchi Sea Planning Area for the duration of the
Program
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FIGURE 2-1 OCS Planning Areas. Planning Areas in Yellow are under Consideration for
Inclusion in the 2012-2017 OCS Oil and Gas Leasing Program

« Alternative 7 — Exclude the Cook Inlet Planning Area for the duration of the
Program

« Alternative 8 — No Action.

This chapter describes each alternative and summarizes the potential environmental
impacts of the alternatives in comparative form. The summary describes the primary impacts
based on the detailed analysis of all potential impacts presented in Chapter 4, Environmental
Consequences. The impact analyses presented in this PEIS were generated from exploration,
development, transportation, and oil spill scenarios developed specifically for analytical
purposes.

2.1 ALTERNATIVE 1 - PROPOSED ACTION

The four OCS regions are divided into 26 OCS Planning Areas (Figure 2-1), and under
the proposed action, leasing is considered in two of the four BOEM OCS regions: GOM and
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Alaska. Within the GOM OCS region, leasing is being considered in the Central and Western
GOM Planning Areas, and in a small extreme western portion of the Eastern GOM Planning
Area. Because of the small portion of the Eastern GOM Planning Area under consideration for
the program, which contains only 83 of the nearly 11,000 lease blocks in the Eastern GOM
Planning Area, and because of the relatively small amount of production that might occur in
these blocks, the exploration and development and the oil spill scenarios identified for both one
and two sales in the Eastern GOM are analytically identical. Therefore, the impact analysis for a
proposed action that includes two eastern GOM sales would also apply to a proposed action that
included only a single sale. In addition, the USDOI is considering leasing in 3 of the 15 Alaska
region planning areas: Beaufort Sea, Chukchi Sea, and Cook Inlet. No other OCS Planning
Avreas are analyzed in this PEIS because the USDOI is not considering those areas for leasing
under the Program. The proposed action is the USDOI’s preferred alternative.

Specifically, the proposed action calls for 15 lease sales under the Program:

« Western Gulf of Mexico Planning Area — five area-wide lease sales; one sale
annually beginning in 2012.

« Central Gulf of Mexico Planning Area — five area-wide lease sales; one sale
annually beginning in 2013.

« Eastern Gulf of Mexico Planning Area — one to two lease sales in the
extreme western portion of the planning area; one sale in 2014 and one sale in
2016.

» Beaufort Sea Planning Area — one sale in 2015 with a bowhead whale
mlgratlon deferral, which includes the following areas (Figure 2-2):
The Barrow Subsistence Whaling area that defers 49 whole or partial
blocks located at the western border of the planning area
— The Kaktovik Subsistence Whaling area that defers 28 whole or partial
blocks located offshore of Kaktovik.

»  Chukchi Sea Planning Area — one sale in 2016 with a 40 km (25 mi) buffer
deferral (Figure 2-2). This alternative considers the impacts associated with
not leasing within 25 miles of the Chukchi Sea coast.

« Cook Inlet Planning Area — one special interest sale in 2013.

Activities that could occur as a result of the 15 lease sales under the proposed action may
extend over a period of 40-50 years. The impact-causing factors associated with these activities
include the placement, use, and decommissioning of offshore infrastructure such as rigs,
platforms, and pipelines, and the expansion or construction of, and use of onshore facilities such
as support bases and processing plants, and these impacting factors apply to activities in any of
the planning areas that are part of the proposed action and alternatives considered in this draft
PEIS. Chapter 4, Environmental Consequences, presents the basic assumptions about anticipated
production, exploration, development, transportation, and accidental oil spills used to prepare the
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draft PEIS. The specific estimates of offshore infrastructure required to support exploration and
development of the hydrocarbon resources (scenarios) associated with Alternative 1 (the
proposed action) are provided in Tables 4.4.1.1-1, 4.4.1.1-3, and 4.4.1.1-4 in Section 4.4.1 of this
draft PEIS. Impacting factors and activity-specific impacts are discussed in additional detail in
Section 4.1, and in the resource-specific impact discussions presented elsewhere in Chapter 4 of
this PEIS.

Transportation for most oil and gas from the GOM Planning Areas would be
accomplished by extending and expanding the existing offshore pipeline systems. Some of the
oil in deepwater areas and a small amount of the oil from the nearshore areas of the GOM
Planning Areas would be transported by barge or shuttle tanker.

In the Alaska OCS region, the lifting of the export ban on Alaskan crude oil has led to
infrequent and limited shipments to East Asia. However, the vast majority of oil transported via
the Trans-Alaska Pipeline System (TAPS) is still being sent to the U.S. West Coast. Oil and gas
from the Beaufort Sea and Chukchi Sea Planning Areas would be transported by new subsea and
overland pipelines to the TAPS and delivered to the marine terminal facilities in Valdez, where it
would be loaded on tankers and shipped primarily to West Coast ports. Oil and gas from the
Cook Inlet Planning Area would be transported to shore using new subsea pipelines, with new
onshore common-carrier pipeline systems delivering the oil to existing refineries in Nikiski and
gas to transmission facilities in the Kenai area.

2.2 ALTERNATIVE 2 — EXCLUDE THE EASTERN GOM PLANNING AREA FOR
THE DURATION OF THE PROGRAM

Under Alternative 2, the Program would not include new leasing in the Eastern GOM
Planning Area. This alternative includes 13 lease sales, with the same number of sales in other
planning areas and the same exploration and development and oil spill scenarios as identified for
the proposed action. The potentially available resources in the Eastern GOM Planning Area
available for leasing are estimated to include no more than 0.1 billion barrels (Bbbl) of oil and
0.2 trillion cubic feet (Tcf) of natural gas.

2.3 ALTERNATIVE 3 - EXCLUDE THE WESTERN GOM PLANNING AREA FOR
THE DURATION OF THE PROGRAM

Alternative 3 has no lease sales occurring in the Western GOM Planning Area, with the

resultant Program having 10 lease sales. The potentially available resources in the Western
GOM Planning Area include up to 1.0 Bbbl of oil and 4.6 Tcf of natural gas.
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2.4 ALTERNATIVE 4 - EXCLUDE THE CENTRAL GOM PLANNING AREA
FOR THE DURATION OF THE PROGRAM

Under this alternative, there would be no lease sales in the Central GOM Planning Area,
and only 10 lease sales under the Program. The potentially available resources in the Central
GOM Planning Area include as much as 4.3 Bbbl of oil and 19.1 Tcf of natural gas.

2.5 ALTERNATIVE 5 - EXCLUDE THE BEAUFORT SEA PLANNING AREA
FOR THE DURATION OF THE PROGRAM

Alternative 5 includes a total of 14 lease sales in all OCS Planning Areas identified for
the proposed action except for the Beaufort Sea Planning Area. Under this alternative, OCS oil
and gas leasing under the Program, and any subsequent exploration and development in the
Acrctic region would occur only in the Chukchi Sea Planning Area (except in the deferred area).
The potentially available resources in the Beaufort Sea Planning Area that would not be made
available under this alternative include as much as 0.4 Bbbl of oil and as much as 2.2 Tcf of
natural gas.

2.6 ALTERNATIVE 6 — EXCLUDE THE CHUKCHI SEA PLANNING AREA
FOR THE DURATION OF THE PROGRAM

Under Alternative 6, there would be a total of 14 lease sales held under the Program in
all OCS Planning Areas included in the proposed action except for the Chukchi Sea Planning
Area. Under this alternative, OCS oil and gas leasing under the Program, and any subsequent
exploration and development in the Arctic region would occur only in the Beaufort Sea Planning
Area (except in the deferred areas). The potentially available resources in the Chukchi Sea
Planning Area that would not be made available under this alternative include as much as
2.1 Bbbl of oil and as much as 8.0 Tcf of natural gas.

2.7 ALTERNATIVE 7 - EXCLUDE THE COOK INLET PLANNING AREA
FOR THE DURATION OF THE 2012-2017 PROGRAM

Under Alternative 7, no sales would be held in the Cook Inlet Planning Area, resulting in
14 sales in the Program. Under this alternative, OCS oil and gas leasing under the Program, and
any subsequent exploration and development in the Alaska region would occur only in the
Beaufort Sea and Chukchi Sea Planning Areas, except in the deferred areas. The potentially
available resources in the Cook Inlet Planning Area that would not be made available under this
alternative include as much as 0.1-0.2 Bbbl of oil and as much as 0.7 Tcf of natural gas.
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2.8 ALTERNTIVE 8 - NO ACTION

Alternative 8 is the No Action Alternative. Under this alternative, there would be no
lease sales conducted under the Program in any OCS Planning Areas. As much as 8.2 Bbbl of
oil and 35 Tcf of natural gas would not be available under this alternative. Energy substitutes are
discussed in Section 4.5.6

2.9 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM FURTHER
PROGRAMMATIC EVALUATION

Pursuant to the NEPA, BOEM had two public scoping periods, one extending from
April 2, 2010, through June 30, 2010, and another from January 6, 2011, through March 31,
2011, to solicit comments for the purpose of determining the scope of the PEIS (see Chapter 1).
Comments received through scoping were used to identify issues to be addressed and to provide
input into the development of the alternatives considered in this draft PEIS. Additional
alternatives suggested through scoping that are different from Alternatives 1-8 above include:

« Expand the oil and gas leasing program to include more or all OCS Planning
Areas beyond those identified in the NOI.

« Hold multiple sales in some OCS Planning Areas.

» Delay sales until further data regarding oil spill response and drilling safety
are collected and analyzed for the Arctic and GOM areas.

» Develop alternative/renewable energy sources as a substitute for oil and gas
leasing on the OCS.

» Add further spatial and temporal deferrals, such as no leasing in parts of
planning areas and seasonally limiting activity in other parts of planning areas.

* Reduce the lease sale sizes to smaller than area-wide (less than full planning
areas).

» Defer deepwater areas in the GOM planning areas.
These alternatives were considered but eliminated from further evaluation in this PEIS for a
variety of reasons, and each alternative is discussed separately below.
2.9.1 Expand the Oil and Gas Leasing Program to Include More or All OCS

Planning Areas

Under discretionary authority conferred by Section 18 of OCSLA, the Secretary of the
Interior hosted regional public meetings in Atlantic City, NJ, New Orleans, LA, Anchorage, AK,
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and San Francisco, CA in April 2009 to gather information and public comment to help build a
comprehensive energy strategy for the .Outer Continental Shelf. Invited to each of these
meetings were regional governors, elected federal officials, private citizens, interested
organizations, energy producers, advocacy groups, and local governments. Using the
information that was collected from these meetings, and from the extended comment period, the
Secretary decided which planning areas to include.

The alternatives considered in this draft PEIS (excluding the No Action Alternative)
include oil and gas leasing in as many as 6 of the 26 OCS Planning Areas (Figure 2-1).
Alternatives that include more OCS Planning Areas (either adding selected individual areas such
as the Atlantic Planning Areas, or including all 26 OCS Planning Areas) were not considered in
this PEIS for several reasons.

Most of the Eastern GOM Planning Area, as well as areas of the Central GOM Planning
Area within 161 km (100 mi) of the Florida coast, are restricted from leasing and development
until 2022 as part of the Gulf of Mexico Energy Security Act of 2006. In Alaska, Bristol Bay in
the North Aleutian Basin Planning Area was withdrawn on March 31, 2010, by the President
from leasing consideration through June 30, 2017. As a matter of caution, in the aftermath of the
DWH event, in April 2010, the Secretary of the Interior announced, on December 1, 2010, a
narrowing of the scope of the PEIS by removing the South and Mid-Atlantic Planning Areas
from consideration for potential sales and development through 2017. Because of these
moratoria and removals, expansion of the Program to all planning areas is not possible, and
expanding it to planning areas other than those considered in this draft PEIS is not feasible
without further postponement of the Program. Inclusion of all OCS Planning Areas would have
been inconsistent with the December 1, 2010, direction of the Secretary of the Interior for the
scope of the PEIS to focus on leasing in areas with current active leases. Many of the 26 OCS
Planning Areas do not currently have active leases or substantial interest from industry, and were
thus not considered for inclusion in the Program, or for evaluation in this draft PEIS.

2.9.2 Hold Multiple Lease Sales in Some OCS Planning Areas

The proposed action identifies 15 lease sales in six planning areas: five sales each in the
Western and Central GOM Planning Areas, two sales in the Eastern GOM Planning Area, and
one each in the Cook Inlet, Beaufort Sea, and Chukchi Sea Planning Areas. Alternatives with
additional sales, such as having more than two sales in the Eastern GOM Planning Area or more
than one sale in each of the Alaska Planning Areas, would be inconsistent with the Secretary of
the Interior’s Program scoping announcement on December 1, 2010, of an updated oil and gas
leasing strategy for the OCS that would proceed with caution and focus on leasing in areas with
currently active leases and an existing knowledge base. Holding one sale in each planning area
IS more consistent with a cautionary approach in the Arctic.
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2.9.3 Delay Sales until Further Evaluation of Qil Spill Response and Drilling Safety
Is Completed

Following the Deepwater Horizon (DWH) event, there has been considerable activity by
not only BOEM but also other Federal and State agencies with regard to the adequacy of past oil
spill response plans and drilling safety, as well as the development of new approaches for spill
response and increasing drilling safety. BOEM has been active in revising existing regulations
and developing new regulations specific to spill response plan requirements and drilling safety,
and multiple agencies (including BOEM) are continuing to evaluate these areas. The
identification of new approaches to enhance spill response and drilling safety is expected to be
an activity that will extend throughout the duration of the Program. Waiting until further
evaluation is completed would delay the Program beyond the 5-year revision requirement
specified in Section 18 of OCSLA. Inclusion of new information (and any subsequent
requirements) related to spill response and drilling safety would be included through the
promulgation of regulations, notices to lessees and operators, and site-specific mitigations
identified in NEPA analyses at the lease sale and project levels. In addition, at the discretion of
the Secretary, any lease sale can be delayed or cancelled for any reason, including a possible
need for further evaluation of oil spill response or drilling safety issues.

2.9.4 Develop Alternate/Renewable Energy Sources as a Substitute for Qil and Gas
Leasing on the OCS

Energy use in the United States is expected to continue to increase from present levels
through 2035 and beyond (EIA 2011). For example, the U.S. Energy Information
Administration (EIA) has projected that U.S. consumption of crude oil and petroleum products
will increase from about 18.8 million bbl per day in 2009 to about 21.9 million bbl per day in
2035 (EIA 2011). Oil and gas reserves in the OCS (and especially the GOM) represent
significant sources that currently help meet U.S. energy demands, and are expected to continue
to do so in the future. While alternate/renewable energy sources currently play a role in meeting
energy demand in this country, and will continue to do so in the future, such sources could not
replace the energy supplied by oil and gas from OCS sources. A more detailed discussion of
alternate and other energy substitutes for oil and gas appears in Section 4.5.6, which considers
the environmental effects of the No Action Alternative.

The OCSLA, in conjunction with other statutes, extends broad powers to the President
and designated Federal Agencies (such as BOEM) over leasing activities on the OCS.
Section 18 of the OCSLA specifically directs the Secretary of the Interior to prepare and
periodically revise an oil and gas leasing program to implement the policies of OCSLA, and
BOEM conducts oil and gas lease sales and executes leases under the OCSLA. Renewable
energy projects on the OCS are also managed in conjunction with other Federal and State
authorities. Under the OCSLA, Federal planning does not specifically integrate oil and gas
leasing with renewable energy leasing. BOEM has, however, issued a final rule specific to the
establishment of a program to grant leases, easements, and rights-of-way for renewable energy
projects on the OCS (30 CFR Parts 250, 285, and 290).
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2.9.5 Add Areal and Temporal Exclusion and Restriction Zones around Sensitive Areas
and Resources

BOEM received scoping comments requesting that the PEIS include alternatives that
exclude portions of program areas from leasing during the program or that seasonally exclude or
restrict drilling in some Arctic areas when ice is present. Specific examples include creating
more exclusion areas in the Arctic, particularly in the Hannah Shoals and Camden Bay areas,
protecting the Bowhead whale migration corridors, and temporal exclusion or restriction of
drilling in the Arctic when ice is present. Other comments suggested exclusion of sensitive areas
in the GOM particularly to avoid or minimize contact from a DWH-like discharge event.
Specific examples include excluding areas of the GOM OCS in which the Loop Current could
transport oil from a large discharge event over great distances, avoiding important ecological
areas and features, and developing buffer zones around areas as appropriate, such as coastal
migratory corridors, population centers, and critical habitat of listed species.

The Secretary may carve out deferral areas that are based on specific, established need
and supported by adequate information, such as deferral areas selected in previous 5-year
program alternatives and needed to continue protection of bowhead whale migration in the
Beaufort Sea and coastal subsistence uses in the Chukchi Sea. The Bureau indicated in its April,
2010 NOI that other areal or temporal exclusions within planning areas may be considered.
After consideration of areas suggested during scoping, BOEM has decided that it is premature to
make any decisions as to such exclusions at this early Program stage. The determination of other
areal and temporal exclusions and restrictions will depend on the location of specific lease sale
areas and whether exploration and development will actually occur in the lease sale area, which
is unknown at this time. The exclusion of specific areas or blocks within a planning area is best
done at the lease sale stage of the program or when specific OCS projects are being evaluated.

The PEIS is mainly a planning document that informs “big-picture” decisions about the
overall size of the program, the planning areas included in the program, and the number of lease
sales that could occur during the program. The ecoregional scale used in the draft PEIS to
identify areas where OCS effects and vulnerable environmental resources are likely to interact
and where mitigations may need to be developed during the program to reduce potential impacts
does not provide the fine scale and detailed information needed to develop protected areas on a
block-by-block basis. Furthermore, the lease sale process is an evolving process, and additional
site-specific studies, consultations, and analyses may be required before effective mitigations and
exclusions can be developed. Indeed, it could be almost foolhardy to include areal or temporal
exclusions or restrictions now, armed only with inadequate information. By including entire
planning areas in the Program, the USDOI is attempting to maintain flexibility in fulfilling its
mandate to provide for both U.S. energy needs and to protect the marine and coastal
environment.

2.9.6 Reduce the Lease Sale Sizes to Smaller Than Area-Wide (less than full
planning areas)

Using an area-wide leasing approach provides greater flexibility to fully consider and
balance development, economic, and environmental concerns. While significant domestic
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energy resources are assumed to be located on the OCS, the precise locations and quantities are
unknown because not all promising areas and reservoirs have been fully explored and delineated.
One way to optimize discovery of significant oil and gas deposits is to encourage companies to
pursue unique and diverse exploration and development strategies based on differing views as to
resource location, availability, and extractability. The area-wide process allows lessees to
concentrate efforts on tracts they consider most promising as opposed to those pre-identified by
the government, unless those areas have been already excluded through pre-lease sale planning
and environmental review. The Secretary can reduce the area offered for leasing within a
planning area at the lease sale stage of the program based on more information about the location
and value of recoverable resources, the potential vulnerability of environmental resources, or
other Section 18 concerns. Leasing strategies other than area-wide leasing are described in the
Proposed Program.

2.9.7 Defer Oil and Gas Leasing in Deepwater Areas of the Central and Western GOM
Planning Areas

During the scoping process, several comments expressed opposition to drilling in
deepwater areas. The comments expressed general concerns about deepwater drilling in the
GOM after the Deepwater Horizon event that occurred on April 20, 2010, and resulted in a
discharge estimated to be 4-9 million barrels of oil. The comments did not specify a definition of
deepwater to apply to an alternative that excludes certain areas from leasing to reduce the risk of
occurrence of a catastrophic discharge event, nor did the comments identify specific risk factors
associated with drilling in “deep” water compared to drilling at other water depths. The
Secretary defined deepwater in the context of areas of the GOM with potential for increased
drilling risk as water depths of 152 m (500 ft) and deeper when he directed BOEM on May 28,
2010, to exercise its authority under the OCSLA to suspend certain drilling activities for a period
of up to 6 months in those water depths. The Secretary later clarified the suspension to cover
deepwater operations that involved the use of certain deepwater technology. On October 12,
2011, BOEM lifted the May 28, 2011, drilling suspension on the basis that major issues
pertaining to deepwater drilling risk had been addressed through multiple venues in the
intervening 5 months.

The PEIS acknowledges the importance of understanding catastrophic discharge event
risk for planning, leasing, and regulatory decisions during the Program. To further this
understanding, the PEIS includes in Section 4.3, Assessment of Issues of Programmatic Concern,
a discussion of the current knowledge of the relative importance of catastrophic discharge event
risk factors, and a synthesis of this information to identify catastrophic event risk in different
program areas. This section identifies water depth as just one of many risk factors that should be
considered with other factors when making specific leasing decisions. This section also
describes recent regulatory measures that have been promulgated to improve drilling safety and
to reduce the risk of occurrence of catastrophic discharge events.

Furthermore, to exclude all deepwater areas in the GOM from potential oil and gas

exploration and development would not be reasonable in light of the purpose and need for the oil
and gas leasing program, which is to help meet the Nation’s energy needs by developing oil and
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gas resources in a manner consistent with environmental protection and the laws and policies of
affected States. Over the last approximately 20 years, leasing, drilling, and production have
moved steadily into deeper waters. As of 2009, there were approximately 7,310 active leases in
the U.S. GOM, 58% of which were in deep water. Likewise, deepwater oil production rose
about 786% and deepwater gas production increased about 1,067% from 1992 to 2007 (Nixon
and Shepard 2009). The leasing schedule must ensure a proper balance between oil and gas
production and possible environmental impacts, while also considering relative environmental
sensitivity among OCS Regions and competing uses of the OCS. Portions of planning areas,
such as deepwater areas, can potentially be deferred from leasing during the program at the lease
sale level when such analysis and issues are ripe, if there is, for example, a demonstrated and
significant relative risk of a spill or blowout associated with certain deepwater areas, the
presence of sensitive environmental resources, space use conflicts, or other reasons.

2.10 SUMMARY OF IMPACTS ANTICIPATED FROM THE PROPOSED ACTION
AND ALTERNATIVES

In general, oil and gas 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 offshore
facility once it is no longer productive or profitable. Under the proposed action, or
Alternatives 2 through 7, routine operations associated with each of these phases will have the
same or similar impact-producing factors associated with them (Table 2.10-1), and these have
“typical” types of impacts, regardless of location. The magnitude and importance of those
impacts on the resource, however, will be very site and project specific. For example, pipeline
trenching, regardless of location, will result in disturbance of the sea floor and associated biota
and habitats, and generate suspended sediments that will affect local water quality. The
importance of such impacts will depend on the types of biota and habitats present (seagrass beds
vs. mud bottom; endangered species) and ambient water quality conditions. The types of
impacts identified for the proposed action are therefore the same as those expected under each of
the alternatives except the No Action Alternative. Table 2.10-2 presents a summary comparison
of impacts of all the alternatives, including No Action. The difference in potential impacts
among the action alternatives will be in where those impacts may be incurred. Each of the
alternatives to the proposed action defers one of the six Planning Areas included in the proposed
action from the 2012-2017 OCS leasing program, and most resources in the deferred Planning
Area would not be expected to be affected by routine operations in the other Planning Areas.
Because routine operations include some impacting factors (such as seismic survey noise and
support vessel traffic) that may extend beyond Planning Area boundaries, resources in deferred
Planning Areas may be affected by routine operations associated with development in adjacent
Planning Areas.

One potential impact-producing factor of oil and gas development under each of the
seven action alternatives is an accidental oil spill. The types of effects such accidental spills may
have on specific resources will be similar between the proposed action and the other action
alternatives, although the duration and magnitude of the impacts will depend on the location,
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size, timing, and duration of the spill; the effectiveness of spill containment and cleanup
operations; and the biological and cultural resources affected by the spill.

The evaluation of a No Action Alternative is required by the regulations implementing
the National Environmental Policy Act (40 CFR 1502.14(d)). If the Secretary were to adopt this
alternative, it would halt OCS presale planning, sales, and new leasing from 2012 to 2017.
However, exploration, development, and production stemming from past sales would continue.

This alternative would shut down the OCS leasing program from mid-2012 through
mid-2017. The amounts of OCS natural gas (up to 35 trillion cubic feet) and oil (up to
8.1 billion barrels of oil) that could help meet national energy needs would be forgone. That
amount of energy would have to be replaced by a combination of imports, alternative energy
sources, and conservation.

Market forces are expected to be the most important determinant of the substitute mix for
OCS oil and gas. Key market substitutes for forgone OCS oil production would be imported oil,
conservation, switching to gas, and onshore production. For OCS natural gas, the principal
substitutes would be switching to oil, onshore production, imports, and conservation.

In addition to market-based substitutes, the Nation or individual States might choose to
encourage or even impose programs designed to deal with the energy shortfall. To replace oil,
these programs might favor alternative vehicle fuels such as ethanol or methanol, vehicles with
greater fuel efficiency, or alternate transportation methods such as mass transit.

As a partial replacement for the forgone natural gas, governments might mandate
increased reliance on coal, nuclear, hydroelectric, or wind-generated electric power. In addition,
governments might give more emphasis to programs encouraging more efficient electricity
transmission and more efficient use of gas and electricity in factories, offices, and homes.
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1 TABLE 2.10-1 Impact-Producing Factors Associated with OCS Oil and Gas Development

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
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
Coring and drilling X X
Pipeline trenching X
Onshore construction X
Air Emissions X X X X X
Offshore X X X X X
Onshore X X X
Explosives X
Platform removal X
Lighting X X X X
Offshore X X X X
Onshore 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 X
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TABLE 2.10-2 Summary of Potential Environmental Impacts of the Proposed Action and Alternatives for a 2012-2017 OCS Oil and Gas

Leasing Program

Resource Alternative Potential Impacts
Water Quality Alternative 1 — Proposed Gulf of Mexico: Routine operations that could result in minor to moderate, localized, short-term impacts include
Action structure placement and construction (pipelines, platforms) and operational discharges (produced water, bilge water,

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

drill cuttings) and sanitary and domestic wastes. Structure placement and removal could increase suspended
sediment loads, while operational discharges, sanitary and domestic wastes, and deck drainage could affect chemical
water quality. Compliance with NPDES permits and U.S. Coast Guard (USCG) regulations would reduce most
impacts of routine operations. The effects of accidental oil spills will depend upon material, spill size, location, and
remediation activities. Small spills would likely result in short-term, localized impacts. Impacts from a large oil spill
(including those from a very large spill associated with an unlikely catastrophic discharge event [CDE]) could persist
for an extended period of time if oil were deposited in wetland and beach sediments or low-energy environments
because of potential remobilization.

Alaska: Routine operations would result in minor to moderate, short-term, localized impacts such as disturbing
sediments and increasing turbidity near construction sites and altering water chemistry from operational discharges.
In the Arctic Planning Areas, minor water quality impacts could also occur from fluids entrained in ice roads when
they break up in the spring. Compliance with NPDES permits and USCG regulations would reduce impacts of
routine operations. The effects of accidental oil spills will depend upon material, spill size, location, season,
response, and remediation activities. In the presence of cold temperatures and ice, cleanup activities would be
extremely difficult. Small spills would likely result in short-term impacts. Impacts from a large oil spill (including
those from a very large spill associated with an unlikely CDE) could persist for an extended period of time if oil were
deposited in wetland and beach sediments or low-energy environments because of potential remobilization. Spills
under ice could affect water quality for relatively long periods.

Gulf of Mexico: Same as Alternative 1, except no impacts to water quality in the Eastern GOM Planning Area from
routine operations. Accidental oil spills (especially very large spills) in the other GOM planning areas could
potentially affect water quality in the Eastern GOM Planning Area if transported there by GOM currents.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to water quality in the Western GOM Planning Area from
routine operations. Accidental oil spills in the other GOM planning areas could potentially affect water quality in the
Western GOM Planning Area if transported there by GOM currents, especially in the event of a very large oil spill.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Water Quality (Cont.)

Air Quality

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No

Action?

Alternative 1 — Proposed
Action

Gulf of Mexico: Same as Alternative 1, except no impacts to water quality in the Central GOM Planning Area from
routine operations. Accidental oil spills in the other GOM planning areas could potentially affect water quality in the
Central GOM Planning Area if transported there by GOM currents, especially in the event of a very large oil spill.

Alaska: Same as Alternative 1.
Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except that no impacts would be expected in the Beaufort Sea Planning Area.
Accidental oil spills in the Chukchi Sea Planning Area could affect water quality in the Beaufort Sea, depending on
the location, size, and duration of the spill as well as on the effectiveness of containment and cleanup operations
(especially under winter, ice cover conditions).

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except that no impacts would be expected in the Chukchi Sea Planning Area.
Accidental oil spills in the western portion of the Beaufort Sea Planning Area could affect water quality in some
portions of the eastern Chukchi Sea, depending on the location, size, and duration of the spill as well as on the
effectiveness of containment and cleanup operations.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except that no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Routine operations are expected to result in only minor impacts to air quality. Sources of air
pollutants (NO,, SO,, PM;q, and CO) associated with OCS oil and gas development include diesel and gas engines,
turbines, and support vessels. Routine operations would not result in exceedance of the NAAQS or impact visibility.
Increases of ozone, if they occur, would be about 1% of total concentrations. Small accidental oil spills could have
localized and temporary impacts. Pollutant levels from very large spills (including accidental spills associated with
an unlikely CDE) and associated in situ burning, if used, would generally be small. Plumes from in situ burning
could temporarily degrade visibility in PSD Class | areas.
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TABLE 2.10-2 (Cont.)

Alternative

Potential Impacts

Air Quality (Cont.)

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alaska: Routine operations are expected to result in only minor impacts to air quality. Routine operations would not
result in exceedance of the NAAQS in public access areas or impact visibility. Smaller oil spills could have localized
and temporary impacts. Pollutant levels from very large spills (including accidental spills associated with an unlikely
CDE) and associated in situ burning, if used, could be major during the initial leak and again during cleanup efforts
(plumes from in situ burning could temporarily degrade visibility), but eventually, air quality is expected to return to
normal or near normal. The long-term effects associated with a spill and cleanup would be minor.

Gulf of Mexico: Same as Alternative 1, except no impacts to air quality in the Eastern GOM Planning Area from
routine operations. Depending on the strength, duration, and direction of prevailing winds, in situ burning of a spill
in the Central GOM Planning Area could affect air quality in the Eastern GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to air quality in the Western GOM Planning Area from
routine operations. Depending on the strength, duration, and direction of prevailing winds, in situ burning of a spill
in the Central GOM Planning Area could affect air quality in the Western GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to air quality in the Central GOM Planning Area from
routine operations. Depending on the strength, duration, and direction of prevailing winds, in situ burning of a spill
in the other GOM planning areas could affect air quality in the Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts to air quality in the Beaufort Sea Planning Area. Depending on the
strength, duration, and direction of prevailing winds, in situ burning of a spill in the Chukchi Sea Planning Area could
affect air quality in nearby areas of the Beaufort Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts to air quality in the Chukchi Sea Planning Area. Depending on the

strength, duration, and direction of prevailing winds, in situ burning of a spill in the Beaufort Sea Planning Area
could affect air quality in nearby areas of the Chukchi Sea Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Air Quality (Cont.)

Acoustic Environment

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico and Alaska: Routine operations in the GOM and Alaska OCS Planning Areas could affect ambient
noise conditions, and impacts to ambient noise levels are expected to be minor. Noise generating sources associated
with routine operations include seismic surveys, drilling and production, infrastructure placement and removal, and
vessel traffic. Depending on the source and activity, changes in ambient noise levels could be short-term and
localized (e.g., from vessel traffic), long-term and localized (from production), or short-term and less localized (from
seismic surveys). Seismic surveys could result in short-term changes in ambient noise levels, but the changes could
extend well beyond the survey boundary.

Gulf of Mexico and Alaska: Same as Alternative 1, except no changes in local ambient sound levels in the Eastern
GOM Planning Area from routine operations. Seismic surveys conducted in the eastern portions of the Central GOM
Planning Area could temporarily increase ambient sound levels in portions of the Eastern GOM Planning Area.

Gulf of Mexico and Alaska: Same as Alternative 1, except no changes in local ambient sound levels in the Western
GOM Planning Area from routine operations. Seismic surveys conducted in the western portions of the Central
GOM Planning Area could temporarily increase ambient sound levels in portions of the Western GOM Planning
Area.

Gulf of Mexico and Alaska: Same as Alternative 1, except no changes in local ambient sound levels in the Central
GOM Planning Area from routine operations. Seismic surveys conducted in the western portion of the Eastern GOM
Planning Area or the eastern portion of the Western GOM Planning Area could temporarily increase ambient sound
levels in portions of the Central GOM Planning Area.

Gulf of Mexico and Alaska: Same as Alternative 1, except no changes in local ambient sound levels in the Beaufort
Sea Planning Area from routine operations. Seismic surveys conducted in the western portion of the Chukchi Sea
Planning Area could temporarily increase ambient sound levels in portions of the Beaufort Sea Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Acoustic Environment
(Cont.)

Coastal and Estuarine
Habitats

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Gulf of Mexico and Alaska: Same as Alternative 1, except no changes in local ambient sound levels in the Chukchi
Sea Planning Area from routine operations. Seismic surveys conducted in the eastern portion of the Beaufort Sea
Planning Area could temporarily increase ambient sound levels in portions of the Chukchi Sea Planning Area.

Gulf of Mexico and Alaska: Same as Alternative 1, except that no impacts would be expected in the Cook Inlet
Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Routine operations would result in minor to moderate localized impacts primarily due to facility
construction, pipeline trenching and landfalls, channel dredging, and vessel traffic. The effects of accidental oil spills
will depend on the specific habitat affected; the size, location, duration, and timing of the spill; and on the
effectiveness of spill containment and cleanup activities. Small spills would likely result in short-term impacts while
large spills (including CDE-level spills which are not expected) could incur both short-term and long-term impacts
depending on habitat type and location and effectiveness of spill containment and cleanup activities.

Alaska: Routine operations would be expected to result in minor to moderate localized impacts primarily due to
pipeline, road, and onshore facility construction and vessel traffic. These operations could have a major effect on the
local indigenous residents most proximate to development if it interferes with their subsistence practices for the
greater part of a season. The effects of accidental oil spills will depend on habitats affected; the size, location,
duration and timing of the spill; and on the effectiveness of spill containment and cleanup activities. Large (including
CDEs which are not expected) and small spills could result in long-term and short-term impacts, depending on the
habitats affected; the duration and size of the spill, and on the effectiveness of spill containment and cleanup
activities.

Gulf of Mexico: Same as Alternative 1, except no impacts to habitats in the Eastern GOM Planning Area from
routine operations. Accidental spills in the Central GOM Planning Area could potentially impact habitats in the
Eastern GOM Planning Area if carried there by GOM currents.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Coastal and Estuarine
Habitats (Cont.)

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Gulf of Mexico: Same as Alternative 1, except no impacts to habitats in the Western GOM Planning Area from
routine operations. Accidental spills in the Central GOM Planning Area could potentially impact habitats in the
Western GOM Planning Area if carried there by GOM currents.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to habitats in the Central GOM Planning Area from
routine operations. Accidental spills in the other GOM Planning Areas could potentially impact habitats in the
Central GOM Planning Area if carried there by GOM currents.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts to habitats in the Beaufort Sea Planning Area from routine
operations. Accidental oil spills in the Chukchi Sea Planning Area could potentially impact habitats in the Beaufort
Sea Planning Area if carried there by coastal currents.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts to habitats in the Chukchi Sea Planning Area from routine
operations. Spills in the Beaufort Sea Planning Area could potentially impact habitats in some portions of the eastern
Chukchi Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts to habitats in the Cook Inlet Planning are expected.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.
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TABLE 2.10-2 (Cont.)

Alternative

Potential Impacts

Marine Benthic Habitats

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Gulf of Mexico: Routine operations could result in moderate and long-term impacts to benthic habitats, primarily
soft sediments. Benthic habitat could be disturbed by platform and pipeline placement, dredging, and operational
discharges (produced water and cuttings). Soft sediment habitats can recover within a few years from most
disturbances. Existing mitigation measures should eliminate most direct impacts to sensitive and protected benthic
habitats. Marine benthic habitat could be affected by a large oil spill, including CDE-level spills which are not
expected. Impacts could be long-term and range from small to medium, depending on the habitat affected; the size,
duration, timing, and location of the spill; and the effectiveness of spill containment and cleanup activities. Impacts
to HDDC from routine operations and accidental spills are unlikely, but may be permanent if they do occur.

Alaska: Routine operations associated with platform and pipeline placement could result in moderate and long-term
impacts to benthic habitats, primarily soft sediments. Existing mitigation measures should eliminate most direct
impacts to sensitive boulder habitats. Accidental releases of oil could be long-term and range from small to medium
depending on the habitat affected, cleanup method, and the size, duration, timing, and location of the spill. Impacts
to boulder habitats from routine operations could result in moderate and long-term impacts to benthic habitats,
primarily soft sediments.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Avrea from routine operations. Marine benthic habitat in the Eastern GOM Planning Area could be affected by a large
oil spill in the Central GOM Planning Area. Impacts could be long-term depending on the habitat affected, cleanup
method, and the size, duration, timing, and location of the spill.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operations. Marine benthic habitat in the Western GOM Planning Area could be affected by a
large oil spill in the Central GOM Planning Area. Impacts could be long-term depending on the habitat affected,
cleanup method, and the size, duration, timing, and location of the spill.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Central GOM Planning
Area from routine operations. Marine benthic habitat in the Central GOM Planning Area could be affected by a large
oil spill in the Western or Eastern GOM planning areas. Impacts could be long-term depending on the habitat

affected, cleanup method, and the size, duration, timing, and location of the spill.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Marine Benthic Habitats
(Cont.)

Marine Pelagic Habitats

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Avrea for the Duration of
the

2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No

Action?

Alternative 1 — Proposed
Action

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Beaufort Sea Planning Area. A
large oil spill in the eastern portion of the Chukchi Sea Planning Area could affect benthic habitat in the western
portion of the Beaufort Sea Planning Area, Impacts could be long-term depending on the habitat affected, cleanup
method, and the size, duration, timing, and location of the spill.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Chukchi Sea Planning Area. A large
oil spill in the western portion of the Beaufort Sea Planning Area could affect benthic habitat in the eastern portion of
the Chukchi Sea Planning Area, Impacts could be long-term depending on the habitat affected, cleanup method, and
the size, duration, timing, and location of the spill.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Routine operations could result in negligible to minor short- and long-term impacts to pelagic
habitats, primarily from operational discharges and turbidity generated during infrastructure placement. Effects of
accidental oil spills, including CDE-level spills which are not expected, could result in small to large impacts to
pelagic habitats, depending on the location, size, duration, and timing of the spill; the habitats affected

(e.g., Sargassum), and the effectiveness of spill containment and cleanup activities.

Alaska: Routine operations could result in negligible to minor, short-term to long-term impacts to pelagic habitat.
The effects of accidental releases of oil, including CDE-level spills which are not expected, could result in minor, but
long-term impacts to pelagic habitat and sea ice habitat, depending on the size, duration, timing, and location of the
spill; the habitat affected; and the effectiveness of spill containment and cleanup activities. Severe winter weather
and ice cover may be expected to limit containment and cleanup in winter.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Marine Pelagic Habitats
(Cont.)

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Area from routine operations. A large oil spill in the Central GOM Planning Area could affect some pelagic habitats
in the Eastern GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operations. A large oil spill in the Central GOM Planning Area could affect some pelagic habitats
in the Western GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Central GOM Planning
Area from routine operations. A large oil spill in the Western or Eastern GOM Planning Areas could affect some
pelagic habitats in the Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Beaufort Sea Planning Area. A
large oil spill in the eastern portion of the Chukchi Sea Planning Area could affect some pelagic habitats in the

western portion of the Beaufort Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Chukchi Sea Planning Area. A large

oil spill in the western portion of the Beaufort Sea Planning Area could affect some pelagic habitats in the eastern
portion of the Chukchi Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Marine Pelagic Habitats
(Cont.)

Essential Fish Habitat

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Routine operations could result in no more than moderate, short- and long-term impacts to EFH and
managed species. Existing mitigation measures should eliminate most direct impacts to coral EFH. Impacts from
accidental oil spills, including CDE-level spills which are not expected, could be long-term, depending on the size,
duration, timing, and location of the spill; the habitats affected; and the effectiveness of spill containment and cleanup
activities.

Alaska: Routine operations could result in no more than moderate short- and long-term impacts to EFH and managed
species. Accidental releases of oil could result in moderate and long-term impacts. Impacts from accidental oil
spills, including CDE-level spills which are not expected, could be long-term depending on the size, duration, timing,
and location of the spill; the habitats affected; and the effectiveness of spill containment and cleanup activities, which
could be hampered by extreme winter conditions and ice cover.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Area from routine operations. Some EFH and managed species in the Eastern GOM Planning Area could be affected
by a large oil spill in the Central GOM Planning Area. Impacts could be long-term depending on the habitat affected,;
the size, duration, timing, and location of the spill; and the effectiveness of spill containment and cleanup activities.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operations. Some EFH and managed species in the Western GOM Planning Area could be
affected by a large oil spill in the Central GOM Planning Area. Impacts could be long-term depending on the habitat
affected; the size, duration, timing, and location of the spill; and the effectiveness of spill containment and cleanup
activities.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Central GOM Planning
Avrea from routine operations. Some EFH and managed species in the Central GOM Planning Area could be affected
by a large oil spill in the Western or Eastern GOM planning areas. Impacts could be long-term depending on the
habitat affected; the size, duration, timing, and location of the spill; and the effectiveness of spill containment and
cleanup activities.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Essential Fish Habitat
(Cont.)

Mammals

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No

Action?

Alternative 1 — Proposed
Action

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Beaufort Sea Planning Area. A
large oil spill in the eastern portion of the Chukchi Sea Planning Area could affect EFH and managed species in the
western portion of the Beaufort Sea Planning Area, Impacts could be long-term, depending on the habitats affected,;
the size, duration, timing, and location of the spill; and the effectiveness of spill containment and cleanup activities,
the latter of which could be hampered by extreme winter conditions and ice cover.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Chukchi Sea Planning Area. A large
oil spill in the western portion of the Beaufort Sea Planning Area could affect EFH and managed species in the
eastern portion of the Chukchi Sea Planning Area, Impacts could be long-term depending on the habitat affected; the
size, duration, timing, and location of the spill; and the effectiveness of spill containment and cleanup activities, the
latter of which could be hampered by extreme winter conditions and ice cover.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Impacts to marine mammals from routine operations include noise disturbance from seismic
surveys, vessels, helicopters, construction and operation of platforms, and removal of platforms with explosives;
potential collision with vessels; and exposures to discharges and wastes. Impacts to cetaceans could range from
negligible to moderate, with species or stocks inhabiting continental shelf or shelf slope waters most likely to be
affected. The West Indian manatee and rare or extralimital whale species are not likely to be affected. Meeting the
requirements of the ESA and Marine Mammal Protection Act would reduce the likelihood and magnitude of adverse
impacts from routine operations to most species. A large accidental oil spill, including CDE-level spills which are
not expected, would have minor to moderate impacts to marine mammals; impacts from spill response activities are
expected to be minor. No impacts from routine operations to endangered beach mice subspecies or the Florida salt
marsh vole are expected. A large oil spill, especially during a tropical storm, could contaminate their habitats.
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TABLE 2.10-2 (Cont.)

Alternative

Potential Impacts

Mammals (Cont.)

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alaska: Impacts to marine mammals, especially cetaceans, from routine operations would be similar to those for the
GOM (negligible to moderate). Collisions with OCS-related vessels may injure or kill some individuals, although the
incidence of such collisions is expected to be low. Vessels, construction of ice roads, on-ice vehicles, and aircrafts
have been known to temporarily disturb some individuals (e.g., polar bears may abandon dens), but these effects
would likely be short-term and mitigation can reduce the disturbance. Sea otters appear to habituate to regular human
activity, and routine operations would have a negligible impact on their populations. A large oil spill (including
CDE-level spills which are not expected) in Cook Inlet Planning Area could cause impacts similar in nature to those
which occurred from the Exxon Valdez spill. In the Arctic, marine mammals would most likely be impacted by oil-
contaminated ice leads, polynyas, rookeries, beaches, and haulouts. Impacts to terrestrial mammals from routine
operations would be negligible. Disturbance from noise sources is the most likely impact. Negligible to minor
impacts to species occurring along the Beaufort Sea from disturbance or habitat loss from construction and operation
of onshore pipeline. A Cook Inlet oil spill that contaminates beaches and shorelines could impact terrestrial
mammals such as the grizzly/brown bear and river otter that forage in intertidal habitats. A spill in the Arctic,
especially from an onshore pipeline, could contaminate habitats used by caribou, grizzly/brown bears, Arctic foxes,
and muskoxen. Coastal beaches are particularly critical to species (including caribou) seeking relief from
mosquitoes.

Gulf of Mexico: Same as Alternative 1, except no impacts to habitats or individuals in the Eastern GOM Planning
Area. A large accidental oil spill in the Central GOM Planning Area could affect mammals and their habitats in the
Eastern GOM Planning Area. Impacts to endangered rodent species similar to Alternative 1.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to habitats or individuals in the Western GOM Planning
Area. A large accidental oil spill in the Central GOM Planning Area could affect marine mammals and their habitats
in the Western GOM Planning Area. Impacts to endangered rodent species similar to Alternative 1.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to habitats or individuals in the Central GOM Planning
Area. A large accidental oil spill in the Western or Eastern GOM Planning Areas could affect marine mammals and
their habitats in the Central GOM Planning Area. Impacts to endangered rodent species similar but less than under

Alternative 1, because no large accidental oil spill would occur in the Central GOM Planning Area.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Mammals (Cont.)

Marine and Coastal
Birds

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No

Action?

Alternative 1 — Proposed
Action

Gulf of Mexico: Same as Alternative 1.

Alaska: Impacts to marine mammals from routine operations similar to Alternative 1, except no impacts would be
expected to resident marine mammals or their habitats in the Beaufort Sea Planning Area. No impacts from routine
operations would occur to seasonal species while migrating through or inhabiting the Beaufort Sea. Accidental oil
spills in the Chukchi Sea Planning Area could impact marine mammals in the Beaufort Sea and affect seasonal
migration. Impacts from routine operations and oil spills to terrestrial mammals similar to Alternative 1 except no
impacts to species and their habitats along the Beaufort Sea.

Gulf of Mexico: Same as Alternative 1.

Alaska: Impacts to marine mammals from routine operations similar to Alternative 1, except no impacts would be
expected to resident marine mammals or their habitats in the Chukchi Sea Planning Area. No impacts from routine
operations would occur to seasonal species while migrating through or inhabiting the Chukchi Sea. Accidental oil
spills in the Beaufort Sea Planning Area could impact marine mammals in some portions of the eastern Chukchi Sea
and affect seasonal migration. Impacts from routine operations and oil spills to terrestrial mammals similar to
Alternative 1 except no impacts to species and their habitats along the Chukchi Sea.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Routine operations may result in negligible to moderate localized short-term impacts; impacts
associated primarily with infrastructure construction, and ship and helicopter traffic. Impacts of routine operations to
important coastal habitats such as nesting areas and overwintering sites could result in greater, more long-term and
potentially population-level impacts should normal breeding and nesting activities be disrupted. Small accidental oil
spills are expected to have largely local, small effects. Large spills, including CDE-level spills which are not
expected, may result in large, long-term, and possibly population-level effects. The magnitude of the effects will
depend on the size, duration, and timing of the spill; the species and habitats affected; and the effectiveness of spill
containment and cleanup activities.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Marine and Coastal
Birds (Cont.)

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alaska: Similar to the impacts identified for the GOM. Because of the importance of certain habitat areas for some
migrating and breeding birds, spills affecting those birds and habitats could result in long-term population level

impacts for some species if the spills affect important nesting colonies, migratory staging areas, or wintering grounds.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Area from routine operations. An accidental spill in the Central GOM Planning Area could affect coastal habitats
and birds, as well as sea birds foraging in marine waters, of the Eastern GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operations. An accidental oil spill in the Central GOM Planning Area could affect coastal habitats
and birds, as well as sea birds foraging in marine waters, of the Western GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Avrea from routine operations. An accidental oil spill in the Eastern or Western GOM Planning Areas could affect
coastal habitats and birds, as well as sea birds foraging in marine waters, of the Central GOM Planning Area.
Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts in the Beaufort Sea Planning Area from routine operations. An
accidental oil spill in the western portion of the Chukchi Sea could affect birds and habitats in the Beaufort Sea
Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts in the Chukchi Sea Planning Area from routine operations. An

accidental oil spill in the western portion of the Beaufort Sea could affect birds and habitats in some portions of the
eastern Chukchi Sea Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Marine and Coastal
Birds (Cont.)

Fish

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Negligible to minor impacts to fish, and negligible impacts to threatened or endangered fish species
are expected from routine operations. A large accidental oil, including a CDE-level spill which is not expected, spill
is not expected to result in population level impacts except potentially for spills that significantly affect overfished
species and their spawning grounds. Oil contacting shoreline areas could result in large-scale lethal and long-term
sublethal effects on early life stages of some species, but no permanent population level effects are expected.

Alaska: Negligible to minor impacts to fish are expected from routine operations. The impact magnitude of a large
oil spill, including a CDE-level spill which is not expected, would depend on the location, timing, and size of the
spill, and the distribution and ecology of affected fish species. Oil contacting shoreline areas could result in large-
scale lethal and long-term sublethal effects on early life stages, but no permanent population level effects are
expected.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Area from routine operation. Fish in the Eastern GOM Planning Area could be affected by a large oil spill in the
Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operation. Fish in the Western GOM Planning Area could be affected by a large oil spill in the
Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Central GOM Planning
Area from routine operation. Fish in the Central GOM Planning Area could be affected by a large oil spill in the
Western or Eastern GOM Planning Areas.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource Alternative Potential Impacts
Fish (Cont.) Alternative 5 — Defer the Gulf of Mexico: Same as Alternative 1.
Beaufort Sea Planning
Avrea for the Duration of Alaska: Same as Alternative 1, except that no impacts would be expected in the Beaufort Sea Planning Area. A
the 2012-2017 Program large oil spill in the eastern portion of the Chukchi Sea Planning Area could affect fish in the Beaufort Sea Planning
Area.
Alternative 6 — Defer the Gulf of Mexico: Same as Alternative 1.
Chukchi Sea Planning
Avrea for the Duration of Alaska: Same as Alternative 1, except that no 2012-2017 OCS program-related impacts would be expected in the
the 2012-2017 Program Chukchi Sea Planning Area. A large oil spill in the western portion of the Beaufort Sea Planning Area could affect
fish in the eastern portions of the Chukchi Sea Planning Area.
Alternative 7 — Defer the Gulf of Mexico: Same as Alternative 1.
Cook Inlet Planning Area
for the Duration of the Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.
2012-2017 Program
Alternative 8 — No There would be no impacts from a 2012-2017 OCS oil and gas leasing program.
Action?
Reptiles Alternative 1 — Proposed Gulf of Mexico: Routine operations would result in minor to moderate localized impacts primarily due to seismic

Action

Alternative 2 — Defer the

Eastern Planning Area for
the Duration of the 2012-
2017 Program

exploration, facility construction, pipeline landfalls, channel dredging, and vessel traffic. Accidental oil spills could
result in large impacts depending on the size, location, duration and timing of the spill, and on the effectiveness of
spill containment and cleanup activities. Small spills would likely result in short-term impacts while large spills
(including CDE-level spills which are not expected) could incur both short-term and long-term impacts depending on
the species and habitat type affected, and on the size and duration of the spill.

Alaska: No impacts.
Gulf of Mexico: Same as Alternative 1, except no impacts to reptile species and habitats in the Eastern GOM
Planning Area from routine operations. Accidental spills in the Central GOM Planning Area could potentially impact

species and their habitats in the Eastern GOM Planning Area.

Alaska: No impacts.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Reptiles (Cont.)

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Gulf of Mexico: Same as Alternative 1, except no impacts to reptile habitats in the Western GOM Planning Area
from routine operations. Accidental spills in the Central GOM Planning Area could potentially impact species and
their habitats in the Western Planning Area.

Alaska: No impacts.

Gulf of Mexico: Same as Alternative 1, except no impacts to reptile habitats in the Central GOM Planning Area from
routine operations. Spills in the other GOM Planning Areas could potentially impact species and their habitats in the
Central Planning Area.

Alaska: No impacts.

Gulf of Mexico: Same as Alternative 1

Alaska: No impacts.

Gulf of Mexico: Same as Alternative 1

Alaska: No impacts.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.
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TABLE 2.10-2 (Cont.)

Alternative

Potential Impacts

Invertebrates and Lower
Trophic Levels

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Gulf of Mexico: Routine operations could result in negligible to moderate impacts to primarily benthic invertebrates,
primarily from habitat disturbance associated with infrastructure placement, and from routine discharges. Recovery
could be short-term to long-term. Large accidental oil spills, including CDE-level spills which are not expected,
could measurably depress invertebrate populations especially in intertidal areas, but no permanent impacts are
expected.

Alaska: Routine operations could result in negligible to moderate impacts to primarily benthic invertebrates.
Recovery could be short- to long-term. Large accidental oil spills, including CDE-level spills which are not
expected, could measurably depress invertebrate populations, especially in intertidal areas. However, no permanent
impacts are expected.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Area from routine operations. Invertebrates in the Eastern GOM Planning Area could be affected by a large oil spill
in the Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operations. Invertebrates in the Western GOM Planning Area could be affected by a large oil spill
in the Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Central GOM Planning
Area from routine operations. Invertebrates in the Central GOM Planning Area could be affected by a large oil spill
in the Western or Eastern GOM Planning Areas.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that impacts would be expected in the Beaufort Sea Planning Area. A large

oil spill in the eastern portion of the Chukchi Sea Planning Area could affect invertebrates in the Beaufort Sea
Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Invertebrates and Lower
Trophic Levels (Cont.)

Avreas of Special
Concern (AOC)

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Chukchi Sea Planning Area. A large
oil spill in the western portion of the Beaufort Sea Planning Area could affect invertebrates in the eastern portion of
the Chukchi Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Impacts resulting from routine activities are expected to be negligible to moderate because of the
existing protections and use restrictions. Large accidental oil spills, including CDE-level spills which are not
expected, reaching AOCs could negatively affect fauna and habitats, subsistence use, commercial or recreational
fisheries, recreation and tourism, and other uses.

Alaska: Impacts resulting from routine activities are expected to be negligible to moderate because of the existing
protections and use restrictions. Impacts from large accidental oil spills, including CDE-level spills which are not
expected, reaching AOCs could negatively affect fauna and habitats, subsistence use, commercial or recreational
fisheries, recreation and tourism, and other uses.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Eastern GOM Planning
Area from routine operations. AOCs in the Eastern GOM Planning Area could be affected by a large accidental oil
spill in the Central GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except that no impacts would be expected in the Western GOM Planning
Area from routine operations. AOCs in the Western GOM Planning Area could be affected by a large accidental oil
spill in the Central GOM Planning Area.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Avreas of Special
Concern (AOC) (Cont.)

Population,
Employment, and
Income

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Gulf of Mexico — Same as Alternative 1, except that no impacts would be expected in the Central GOM Planning
Avrea from routine operations. AOCs in the Central GOM Planning Area could be affected by a large accidental oil
spill in the Western or Eastern GOM Planning Areas.

Alaska — Same as Alternative 1.
Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Beaufort Sea Planning Area. A
large accidental oil spill in the eastern portion of the Chukchi Sea Planning Area could affect AOCs in the Beaufort
Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except that no impacts would be expected in the Chukchi Sea Planning Area. A large
accidental oil spill in the western portion of the Beaufort Sea Planning Area could affect AOCs in the eastern portions
of the Chukchi Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Direct expenditures associated with routine operations would result in negligible impacts from small
increases in population, employment and income in each region over the duration of the leasing period,
corresponding to less than 1% of the baseline. Given existing levels of leasing activity, impacts on property values
would be negligible. In areas where tourism and recreation provide significant employment, accidental oil spills,
including CDE-level spills which are not expected, could result in the short-term loss of employment, income and
property values. Expenditures associated with spill cleanup activities would create short-term employment and
income in some parts of the affected coastal region(s).
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TABLE 2.10-2 (Cont.)

Resource Alternative

Potential Impacts

Population,
Employment, and
Income (Cont.)

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alaska: Direct expenditures associated with routine operations would result in minor impacts from small increases in
population, employment and income in each region over the duration of the leasing period, corresponding to less than
5% of the baseline. Given existing levels of leasing activity, impacts on property values would be negligible. In
areas where tourism and recreation provide significant employment, accidental oil spills, including CDE-level spills
which are not expected, could result in the short-term loss of employment, income and property values. Expenditures
associated with spill cleanup activities would create short-term employment and income in some parts of the affected
coastal region(s).

Gulf of Mexico: Same as Alternative 1, except likely slightly smaller increases in population, employment and
income in the Eastern GOM Planning Area, as existing coastal infrastructure could be used to process oil and gas
from the other GOM Planning Areas. A large accidental oil spill in the Central GOM Planning Area could affect
employment, income, and property values.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except likely slightly smaller increases in population, employment and
income in the Western GOM Planning Area, as existing coastal infrastructure could be used to process oil and gas
from the other GOM Planning Areas. A large accidental oil spill in the Central GOM Planning Area could affect
employment, income, and property values.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except likely slightly smaller increases in population, employment and
income in the Central GOM Planning Area, as existing coastal infrastructure could be used to process oil and gas
from the other GOM Planning Areas. A large accidental oil spill in the Western or Eastern GOM Planning Areas
could affect employment, income, and property values.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except likely slightly smaller increases in population, employment and income in the
Beaufort Sea Planning Area, as coastal infrastructure in the corresponding coastal region would be used to process oil

and gas from the Chukchi Sea Planning Area. A large accidental spill in the eastern Chukchi Sea Planning Area
could affect employment, income, and property values in some portions of the western Beaufort Sea Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Population,
Employment, and
Income (Cont.)

Land Use and
Infrastructure

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Gulf of Mexico: Same as Alternative 1.

Alaska — Same as Alternative 1, except no increases in population, employment and income in Chukchi Sea Planning
Area. A large oil accidental spill in the western portion of the Beaufort Sea Planning Area could affect employment,
income, and property values in some portions of the eastern Chukchi Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no population, employment, and income impacts would be expected in the
Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Negligible to minor impacts on land use, development patterns, and infrastructure from routine
operations. Existing infrastructure generally would be sufficient to handle exploration and development associated
with potential new leases. Projected impacts from an accidental oil spill, including a CDE-level spill which is not
expected, would likely include stresses of the spill response on existing infrastructure, and restrictions of access to a
particular area while the cleanup is being conducted. Impacts would be expected to be temporary and localized.

Alaska: Minimal to moderate impacts to land use, development patterns, and infrastructure. The construction and
operation of offshore facilities would expand the area potentially at risk from accidental oil spills, along with the
requirement to maintain oil-spill response equipment. An accidental oil spill, including a CDE-level spill which is
not expected, could alter land use temporarily but would not likely result in long-term changes. The magnitude of the
impacts would depend on the size and location of the spill.

Gulf of Mexico: Same as Alternative 1 except no impacts to land use, development patterns, and infrastructure in the
Eastern GOM Planning Area. A large accidental oil spill in the Central GOM Planning Area could affect land use in
the Eastern GOM Planning Area; the level and duration of effects will depend on the size, location, duration, and
timing of the spill, and on type and effectiveness of spill containment and cleanup activities.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Land Use and
Infrastructure (Cont.)

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Gulf of Mexico: Same as Alternative 1 except no impacts to land use, development patterns, and infrastructure in the
Western GOM Planning Area. A large accidental oil spill in the Central GOM Planning Area could affect land use in
the Western GOM Planning Area; the level and duration of effects will depend on the size, location, duration, and
timing of the spill, and on type and effectiveness of spill containment and cleanup activities.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1 except no impacts to land use, development patterns, and infrastructure in the
Central GOM Planning Area. A large accidental oil spill in the Western or Eastern GOM Planning Areas could affect
land use in the Central GOM Planning Area; the level and duration of effects will depend on the size, location,
duration, and timing of the spill, and on type and effectiveness of spill containment and cleanup activities.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts in the Beaufort Sea Planning Area. An accidental oil spill in the
Chukchi Sea Planning Area could affect land use in the Beaufort Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts in the Chukchi Sea Planning Area. An accidental oil spill in the
eastern Beaufort Sea Planning Area could affect land use in the western portion of the Chukchi Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no land use and infrastructure impacts would be expected in the Cook Inlet
Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.
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TABLE 2.10-2 (Cont.)

Resource Alternative Potential Impacts
Commercial, Alternative 1 — Proposed Gulf of Mexico: Routine operations would have a minor impact on subsistence fishing, the cost of commercial
Recreational, and Action fishing, or on the number of recreation fishing trips, in each region over the duration of the leasing period. Large

Subsistence Fisheries

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

accidental oil spills (including CDE-level spills which are not expected) may have small to medium, short-term
impacts on fisheries resources (lethal and sublethal toxic effects on exposed eggs, larvae, juveniles, and adults) and
small to medium impacts on commercial, recreational, and subsistence fishery activities (e.g., trawling, charter
fishing). The magnitude and duration of effects will depend on the location, size, duration, and timing of the spill;
the fisheries affected, and the duration and effectiveness of spill containment and cleanup activities.

Alaska: Similar to the effects for the Gulf of Mexico.

Gulf of Mexico: Same as Alternative 1 except no impacts in the Eastern GOM Planning Area. An accidental oil spill
in the Central GOM Planning Area could reduce or stop commercial, recreational, and subsistence fishery activities
in the Eastern GOM Planning Area if the spill enters coastal and marine waters associated with that planning area.
Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1 except no impacts in the Western GOM Planning Area. An accidental oil
spill in the Central GOM Planning Area could reduce or stop commercial, recreational, and subsistence fishery
activities in the Western GOM Planning Area if the spill enters coastal and marine waters associated with that
planning area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1 except no impacts in the Central GOM Planning Area. An accidental oil spill
in the Western or Central GOM Planning Areas could reduce or stop commercial, recreational, and subsistence
fishery activities in the Central GOM Planning Area if the spill enters coastal and marine waters associated with that
planning area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts in the Beaufort Sea Planning Area. An accidental oil spill in the
Chukchi Sea Planning Area could affect fisheries resources in the Beaufort Sea Planning Area.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Commercial,
Recreational, and
Subsistence Fisheries
(Cont.)

Tourism and Recreation

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts in the Chukchi Sea Planning Area. An accidental oil spill in the
western portion of the Beaufort Sea Planning Area could affect fisheries resources in the eastern Chukchi Sea
Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts to fisheries would be expected in the Cook Inlet area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Routine operations would produce minor impacts to beach recreation, sightseeing, boating, and
fishing, while offshore structures would create positive impacts to diving and recreational fishing. The impact of an
accidental oil spill (including a CDE-level spill which is not expected) on tourism and recreation will depend on the
size, location, duration, and timing of the spill, as well as on the effectiveness and timeliness of spill containment and
cleanup activities.

Alaska: Similar to the impacts identified for the Gulf of Mexico.

Gulf of Mexico: Same as Alternative 1 except no impacts on tourism and recreation in the Eastern GOM Planning
Area. An accidental oil spill in the Central GOM Planning Area could affect tourism and recreation in the Eastern
GOM Planning Area and associated coastal areas.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1 except no impacts on tourism and recreation in the Western GOM Planning
Area. An accidental oil spill in the Central GOM Planning Area could affect tourism and recreation in the Western

GOM Planning Area and associated coastal areas.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Tourism and Recreation
(Cont.)

Sociocultural Systems

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No

Action?

Alternative 1 — Proposed
Action

Gulf of Mexico: Same as Alternative 1 except no impacts on tourism and recreation in the Central GOM Planning
Area. An accidental oil spill in the Western or Eastern GOM Planning Areas could affect tourism and recreation in
the Central GOM Planning Area and associated coastal areas.

Alaska: Same as Alternative 1.
Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts on tourism or recreation in the Beaufort Sea Planning Area. An
accidental oil spill in the Chukchi Sea Planning Area could affect tourism and recreation in the Beaufort Sea Planning
Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts on tourism or recreation in the Chukchi Sea Planning Area. An
accidental oil spill in the western Beaufort Sea Planning Area could affect tourism and recreation in the Chukchi Sea
Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts on tourism or recreation would be expected in the Cook Inlet.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Because of the well developed and long established oil and gas industry in the Gulf of Mexico,
routine operations may be expected to have minor impacts on sociocultural systems of the region. Expansion of deep
water development could lead to longer offshore work shifts, which could increase stress to workers, families and
communities. Impacts from accidental oil spills would be small, except in the case of very large spills. Very large
spills, including CDE-level spills which are not expected, may temporarily halt and impact economies associated
with the oil and gas industry, but also in other sectors of the economy. Depending on the duration of such halts and
the magnitude of economic impacts, this could result in social and cultural stress, leading to possible social
pathologies.
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Resource Alternative Potential Impacts

Sociocultural Systems Alaska: Cook Inlet as an established oil and gas industry, and routine operations associated with the proposed action
(Cont.) are expected to have no more than minor impacts on social and cultural systems. Potential impacts of routine
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Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

operations can range from minor to major on sociocultural systems in the Arctic Planning Areas, depending on shore
base infrastructure and proximity to existing communities. Accidental oil spills (including CDE-level spills which
are not expected) may however, result in more serious impacts, especially in the Arctic where impacts to subsistence
could result in large impacts to affected communities.

Gulf of Mexico: Same as Alternative 1 except no impacts in the Eastern GOM Planning Area. An accidental spill in
the Central GOM Planning Area could affect individuals, families, and communities in the Eastern GOM Planning
Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1 except no impacts in the Western GOM Planning Area. An accidental spill in
the Central GOM Planning Area could affect individuals, families, and communities in the Western GOM Planning
Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1 except no impacts in the Central GOM Planning Area. An accidental spill in
the Western or Eastern GOM Planning Area could affect individuals, families, and communities in the Cemtral GOM
Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts in the Beaufort Sea Planning Area. A large accidental oil spill in
the Chukchi Sea Planning Area that enters the Beaufort Sea Planning Area could result in major impacts to

individuals, families, and communities that rely on marine resources in those portions of the Beaufort Sea affected by
the spill.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Sociocultural Systems
(Cont.)

Environmental Justice

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative — No Action?

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1 except no impacts in the Chukchi Sea Planning Area. A large accidental oil spill in
the Beaufort Sea Planning Area that enters the Chukchi Sea Planning Area could result in major impacts to
individuals, families, and communities that rely on marine resources in those portions of the Chukchi Sea affected by
the spill.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

Gulf of Mexico: Because of the long-established and well developed oil and gas industry present in the Gulf of
Mexico and the non-coastal location of the majority of low income and minority population groups, routine
operations are not expected to add additional environmental justice concerns and impacts would be negligible.
Impacts of accidental oil spills, including CDE-level spills which are not expected, would be minor, primarily
affecting subsistence activities.

Alaska: Routine operations could result in negligible to minor impacts depending on the proximity of onshore
pipelines or offshore infrastructure to existing communities and/or subsistence harvest areas. Impacts of accidental
spills could be large (including CDE-level spills which are not expected), primarily to subsistence resources and
users, given the coastal location of the majority of low income and minority population groups and the very heavy
reliance of individuals, families, and communities on subsistence resources (especially in Arctic areas).

Gulf of Mexico: Same as Alternative 1. An accidental oil spill in the Central GOM Planning Area could result in
environmental justice concerns, associated primarily with a potential reduction of subsistence activities in portions of
the Eastern GOM Planning Area affected by the spill.

Alaska — Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Environmental Justice
(Cont.)

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Alternative 5 — Defer the
Beaufort Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Area for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Gulf of Mexico: Same as Alternative 1. An accidental oil spill in the Central GOM Planning Area could result in
environmental justice concerns, associated primarily with a potential reduction of subsistence activities in portions of
the Western GOM Planning Area affected by the spill.

Alaska — Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1. An accidental oil spill in the Western or Eastern GOM Planning Areas could
result in environmental justice concerns, associated primarily with a potential reduction of subsistence activities in
portions of the Central GOM Planning Area affected by a spill originating in the Central GOM Planning Area.
Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1. An accidental oil spill in the Chukchi Sea Planning Area could result in
environmental justice concerns, associated primarily with a potential reduction of subsistence activities in portions of
the Beaufort Sea Planning Area affected by the spill.

Gulf of Mexico: Same as Alternative 1.

Alaska: Alaska: Same as Alternative 1. An accidental oil spill in the Beaufort Sea Planning Area could result in
environmental justice concerns, associated primarily with a potential reduction of subsistence activities in portions of
the Chukchi Sea Planning Area affected by the spill.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.
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TABLE 2.10-2 (Cont.)

Resource

Alternative

Potential Impacts

Archeological and
Historic Resources

Alternative 1 — Proposed
Action

Alternative 2 — Defer the
Eastern Planning Area for
the Duration of the
2012-2017 Program

Alternative 3 — Defer the
Western Planning Area
for the Duration of the
2012-2017 Program

Alternative 4 — Defer the
Central Planning Area for
the Duration of the
2012-2017 Program

Gulf of Mexico: Routine operations could affect significant archaeological and historic resources (especially
offshore resources), with construction activities such as platform and pipeline construction, and dredging, potentially
damaging or destroying affected resources. Onshore impacts (resource damage or loss; visual impacts) are possible
from pipeline landfall, onshore pipeline, and road construction. Anchor drags could affect seafloor resources such as
shipwrecks. Impacts could range from negligible to major depending on the presence of significant archaeological or
historic resources in the area of potential effect. Most resources are expected to be avoided. Accidental oil spills
(including CDE-level spills which are not expected) could impact archaeological and historic resources, depending
on the spill location, size, and duration, as well on the effectiveness and nature of spill containment and cleanup
activities.

Alaska: Routine operations could affect significant archaeological and historic resources (especially in offshore
locations) through construction activities such as platform and pipeline construction. Onshore impacts (including
visual impacts) are also possible from pipeline landfall, onshore pipeline, and road construction. Anchor drags could
affect seafloor resources. Impacts could range from negligible to major, depending on the presence of significant
archaeological or historic resources in the area of potential effect. Most resources are expected to be avoided.
Accidental oil spills, including CDE-level spills which are not expected, could impact archaeological and historic
resources, depending on the spill location, size, and duration, as well on the effectiveness and nature of spill
containment and cleanup activities.

Gulf of Mexico: Same as Alternative 1, except no impacts to archaeological and historic resources in the Eastern
Planning Area from routine operations. Accidental oil spills in the Central GOM Planning Area could potentially
impact archaeological and historic resources in the Eastern GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to archaeological and historic resources in the Western
GOM Planning Area from routine operations. Accidental oil spills in the Central GOM Planning Area could
potentially impact archaeological and historic resources in the Western GOM Planning Area.

Alaska: Same as Alternative 1.

Gulf of Mexico: Same as Alternative 1, except no impacts to archaeological and historic resources in the Central
GOM Planning Area from routine operations. Accidental oil spills in the Eastern or Western GOM Planning Areas

could potentially impact archaeological and historic resources in the Central GOM Planning Area.

Alaska: Same as Alternative 1.
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TABLE 2.10-2 (Cont.)

Resource Alternative Potential Impacts
Archeological and Alternative 5 — Defer the Gulf of Mexico: Same as Alternative 1.
Historic Resources Beaufort Sea Planning
(Cont.) Avrea for the Duration of Alaska: Same as Alternative 1, except no impacts to archaeological and historic resources in the Beaufort Sea

the 2012-2017 Program

Alternative 6 — Defer the
Chukchi Sea Planning
Avrea for the Duration of
the 2012-2017 Program

Alternative 7 — Defer the
Cook Inlet Planning Area
for the Duration of the
2012-2017 Program

Alternative 8 — No
Action?

Planning Area from routine operations. Accidental oil spills in the Chukchi Sea Planning Area could potentially
impact archaeological and historic resources in the Beaufort Sea Planning Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts to archaeological and historic resources in the Chukchi Sea
Planning Area from routine operations. Accidental oil spills in the western portion of the Beaufort Sea Planning Area
could potentially impact archaeological and historic resources in the eastern portion of the Chukchi Sea Planning
Area.

Gulf of Mexico: Same as Alternative 1.

Alaska: Same as Alternative 1, except no impacts would be expected in the Cook Inlet Planning Area.

There would be no impacts from a 2012-2017 OCS oil and gas leasing program.

& Exploration, development, and production would continue under past sales, and could affect resources in the Gulf of Mexico and Alaska. See the 2007- 2012 OCS oil and
gas leasing program PEIS (MMS 2007) for a discussion of potential impacts associated with that OCS leasing program.
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3 AFFECTED ENVIRONMENT

3.1 INTRODUCTION

The draft programmatic environmental impact statement (PEIS) evaluates eight
alternatives: the proposed action, six alternative actions, and a No Action Alternative. The
proposed action would establish a 2012-2017 Outer Continental Shelf (OCS) Oil and Gas
Leasing Program (the Program) that includes three planning areas in the Gulf of Mexico (GOM)
(the Western and Central GOM Planning Areas, as well as a small portion of the Eastern GOM
Planning Area), two planning areas in the Arctic (the Beaufort and Chukchi Sea Planning Areas),
and Cook Inlet in south central Alaska. Each of the alternatives is identical to the proposed
action, except that one of the six planning areas included in the proposed action is deferred from
consideration for the duration of the Program; a different planning area is deferred in each
alternative. Chapter 3 describes the nature and condition of natural, physical, and socioeconomic
resources in these planning areas that may be affected by the Program in these planning areas.

Information regarding each resource presented in Chapter 3 and evaluated for potential
impacts in Chapter 4 is presented as follows. Each resource is presented separately. For each
resource, the nature and condition of the resource is provided in three groupings, based on the
geographic settings of the planning areas included in the proposed action — the GOM, Cook
Inlet, and Arctic Alaska. As applicable, the effects of the Deepwater Horizon spill on the
baseline conditions of a resource are discussed, and a description is provided of potential
changes in baseline conditions from climate change over the 40- to 50-yr expected period of oil
and gas activities anticipated for the Program. Some information is currently unavailable,
particularly with regard to affected environmental baseline changes; however, this information is
not crucial in order to make a reasoned choice among alternatives at this programmatic stage
(see Section 1.3.1.1, Incomplete and Unavailable Information).

3.2 MARINE AND COASTAL ECOREGIONS

With the exception of the Cook Inlet Planning Area, the planning areas being considered
for leasing under the Program cannot be readily delineated from adjacent planning areas on the
basis of clear, distinct geographical or physical boundaries. Except for topographical features
associated with coastlines, the boundaries of the OCS planning areas are artificial administrative
boundaries on the open oceans (Figure 3.2-1) drawn with no intended relationship to underlying
ecologic, oceanographic, or other processes affecting environmental conditions on the OCS and
in adjacent coastal areas. Many natural resources, as well as physical features such as currents,
freely cross the boundaries of adjacent planning areas, the boundaries between the OCS and
adjacent marine waters seaward of the United States Exclusive Economic Zone (EEZ), and the
boundaries between coastal waters shoreward of the administrative boundary that separates State
and Federal jurisdiction. As a consequence, it would be too restrictive to describe many of the
natural and physical resources, or to discuss the potential effects of oil and gas development on
those resources, solely on a one-by-one planning area basis. Instead, the PEIS uses marine and
coastal ecoregions as a spatial framework to incorporate the areas potentially affected directly by
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OCS activities within planning area boundaries as well as areas beyond the planning areas that
could be affected by OCS impacts through the action of ecological and physical processes tht
operate at an ecoregional scale.

An ecoregion is an ecologically and geographically defined area that contains
characteristic geographically distinct assemblages of natural communities and species which
tend to be distinct from those in other ecoregions (McMahon et al. 2001; Omernik 2004;

Bailey 2005). In terrestrial systems, individual ecoregions are associated with characteristic
combinations of land forms and geologic, hydrologic, and climatic conditions (Omernik 1987,
2004). Many Federal agencies and private organizations manage terrestrial resources using land
classifications based on the ecoregion concept (e.g., see http://www.fs.fed.us/rm/ecoregions).

The PEIS uses marine and coastal ecoregions to define areas being considered in this and
subsequent chapters. Marine ecoregions are defined according to the boundaries of Large
Marine Ecosystems (LMEs) developed by the National Oceanic and Atmospheric Administration
(NOAA) (LMEW 2009). In particular, this PEIS uses the boundaries of the GOM, Chukchi Sea,
Beaufort Sea, and Gulf of Alaska LMEs to define the marine areas that include the OCS
Planning Areas considered in Chapters 3 and 4. NOAA developed the LME concept and
established the LME program in 1984 as a tool for enabling an ecosystem-based approach to
transboundary ecosystem-based science and management. The PEIS uses the LME boundaries
to define the areas of analytic interest in the document based on ecologically important
distinctions rather than political or administrative boundaries. The PEIS also uses the marine
and coastal ecoregions developed by the Commission for Environmental Cooperation (CEC) for
North America (Wilkenson et al. 2009) to subdivide the areas defined by the LME boundaries
into more localized regional distinctions, where appropriate. The coastal ecoregions are also
used to characterize coastal and nearshore areas.

For many environmental resources addressed in this PEIS, the descriptions of the affected
environment, as well as the evaluations of possible environmental consequences associated with
oil and gas activities, use locations within ecoregions rather than individual OCS planning areas
as a spatial reference. The PEIS adopts this approach to facilitate a broader scale ecosystem
perspective on the analysis of potential environmental effects of oil and gas activities on the OCS
following lease sales under the Proposed Action Alternative. A narrowed planning area
perspective is more appropriate for an EIS prepared at the lease sale or project development
stages of oil and gas activities on the OCS. Adoption of a broader ecoregional perspective is
intended to facilitate the National Environmental Policy Act of 1969 (NEPA) process of tiering
by which programmatic analyses are intended to inform and provide context for the more
geographically focused and detailed environmental analyses and reviews that will occur later
under the Program.

The coastal and marine ecoregions identified in this section make up areas of interest for
this PEIS. The evaluations and analyses in this and subsequent chapters will consider the
potential effects of oil and gas activities on the OCS within these broad areas. The geographic
scope of these analyses will vary depending on the issues being considered. Examples of
specific areas of interest that could be applied to different analyses include:
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1. Individual OCS Planning Areas and nearby coastal and marine areas where
program-related activities could occur and directly affect local natural
resource.

— Example Issue: The effects of OCS-related bottom-disturbing activities
(such as pipeline trenching) on benthic habitats.

2. Areas outside of OCS Planning Areas where environmental impacts may
extend beyond program area boundaries through the action of ecoregion-scale
physical and ecological processes.

— Example Issue: Population effects on marine fauna from a very large oil
spill as it is transported from a release location by ocean currents and
winds.

3. Areas outside the OCS Planning Areas that contribute to and affect marine
and coastal environmental baseline conditions and would need to be
considered in the analysis of cumulative effects.

— Example Issue: The influence of the Mississippi River drainage basin and
discharge on water quality and coastal and marine habitats in the GOM.

3.2.1 Large Marine Ecosystems

Large Marine Ecosystems (LMES) are relatively large regions of coastal oceans of
approximately 200,000 km2 (77,220 mi2) that include waters from river basins and estuaries to
the seaward boundaries of continental shelves and/or seaward margins of coastal currents and
water masses. They are characterized on the basis of ecological (as opposed to political) criteria,
including bathymetry, hydrography, productivity, and trophic relationships. Sixty-four distinct
LMEs have been delineated around the coastal margins of the Atlantic, Pacific, Arctic, and
Indian Oceans (Sherman et al. 2007; LMEW 2009).

The OCS Planning Areas being considered for leasing under the Program addressed in
this PEIS occur within four LMEs. The Cook Inlet Planning Area occurs in the Gulf of Alaska
LME #2 (Figure 3.2.1-1); the Beaufort Sea Planning Area occurs within the Beaufort Sea LME
#55; and the Chukchi Sea Planning Area occurs within the Chukchi Sea LME #54
(Figure 3.2.1-2). The Western, Central, and Eastern GOM Planning Areas occur within the
GOM LME #5 (Figure 3.2.1-3). For the purposes of this draft PEIS, the LMEs are used solely to
provide a spatial context for the planning areas considered for leasing in the Program. The
following sections provide brief summary descriptions of these LMEs.

3.2.1.1 Gulf of Alaska Large Marine Ecosystem

The Gulf of Alaska LME lies along the southern coast of Alaska and the western coast of
Canada (Figure 3.2.1-1), and has an area of approximately 1.5 million km?2 (569,450 mi2), of

Affected Environment 34
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which about 1.5% (22,500 km? [8,540 mi?]) is protected (Aquarone and Adams 2009). The
Cook Inlet Planning Area occupies about 1.5% of the Gulf of Alaska LME. This LME is
separated to the west from the East Bering Sea LME by the Alaska Peninsula and to the south
borders the California Current LME. There are 14 estuaries and river systems, including the
Stikine and Copper Rivers, Cook Inlet, and Prince William Sound in the Gulf of Alaska LME.

3.2.1.2 Beaufort Sea Large Marine Ecosystem

The Beaufort Sea LME occurs along the arctic coast of Alaska and northwestern Canada
(Figure 3.2.1-2) and covers about 770,000 km2 (297,300 mi2), of which about 0.02% (154 km?
[59 mi?]) is protected (Belkin et al. 2009). The Beaufort Sea Planning Area occupies about 34%
of the Beaufort Sea LME, and future oil and gas leasing activities are anticipated to be restricted
to the coastal shelf areas of this LME. The Beaufort Sea LME is characterized by an arctic
climate with major annual and seasonal changes, and historically is ice-covered much of the
year.

3.2.1.3 Chukchi Sea Large Marine Ecosystem

The Chukchi Sea LME is located off of Russia’s East Siberian coast and the northwestern
coast of Alaska (Figure 3.2.1-2). This LME is a relatively shallow marginal sea with a surface
area of about 776,643 km?2 (299,820 mi2), of which about 5.4% (42,000 km?2 [16,190 mi?]) is
protected (Heileman and Belkin 2009). The Chukchi Planning Area occupies about 33% of this
LME. This LME is characterized by an arctic climate with major seasonal and annual changes,
in particular, the annual formation and deformation of sea ice.

3.2.1.4 Gulf of Mexico Large Marine Ecosystem

The GOM LME is a deep marginal sea bordered by Cuba, Mexico, and the United States
(Figure 3.2.1-3). The GOM is the largest semi-enclosed coastal sea in the western Atlantic,
encompassing about 1,500,000 km2 (579,150 mi2) (Heileman and Rabalais 2009). The Central
GOM Planning Area comprises about 18%, the Western GOM Planning Area about 8%, and the
Eastern GOM Planning Area about 17% of the total area of this LME. About 1.6% (24,000 km?
[9,090 mi2]) of the GOM LME is protected, and it contains about 0.5% of the world’s coral
reefs. The continental shelf comprises about 30% of this LME, and the coastal areas contain
more than 750 estuaries, bays, and sub-estuaries that are associated with 47 major estuaries
(USEPA 2008; Heileman and Rabalais 2009). This LME is strongly influenced by freshwater
input from rivers (especially the Mississippi River), which accounts for about two-thirds of the
flows into the GOM (Figure 3.2.1-4), and tropical storms (i.e., hurricanes) (Figure 3.2.1-5) are a
major climatological feature of the area (Heileman and Rabalais 2009). Important hydrocarbon
seeps occur in the southernmost and northern portions of the LME.
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3.2.2 Marine and Coastal Ecoregions of North America

As shown in Figures 3.2.1-1, 3.2.1-2, and 3.2.1-3, the four LMEs that encompass the
OCS Planning Areas addressed in this draft PEIS are very large, and reflect marine ecosystem
differences at their largest scale. Thus, their use in assessing the potential effects of oil and gas
development activities to marine resources within individual LMEs would be similarly restricted
to very large scale evaluations. The LMEs may be further examined on finer scales that
distinguish ecosystems on the basis of larger physiographic features (e.g., continental slope,
shelf, and abyssal plain) as well as on more locally significant conditions (such as local water
characteristics, regional landforms, and biological communities). One such sub-LME
classification has been developed by the CEC, a tri-national partnership comprised of
government agencies, organizations, and researchers from the United States, Canada, and
Mexico (see http://www.cec.org). The CEC has classified North American oceanic and coastal
waters into 24 marine ecoregions according to oceanographic features and geographically
distinct assemblages of species (Wilkinson et al. 2009). The Level Il and Level I1l marine
ecoregions developed by the CEC for North America are used in this draft PEIS to help identify
and describe the marine ecosystems and resources that occur in the OCS Planning Areas that
may be affected by OCS oil and gas activities under the Program.

Level Il ecoregions capture the division between neritic (coastal areas out to a depth of
about 200 m [600 ft]) and oceanic areas, and are determined by large-scale physiography
(continental shelf, slope, and abyssal plain and also areas of islands and major trenches, ridges,
and straits). The Level Il classifications reflect the importance of depth as a determinant of
benthic marine communities as well as the importance of major physiographic features in
determining current flows and areas of upwelling. The Level 111 ecoregions reflect differences
within the neritic areas, and are based on more locally significant variables such as local
characteristics of the water mass, regional landforms, and biological community type. The
Level 111 ecoregions are limited to the continental shelf, as only these areas have sufficient
information to support finer-scale ecoregion delineations (Wilkinson et al. 2009). The CEC
Level Il and 111 marine ecoregions relevant to this draft PEIS are shown in Figure 3.2.2-1 for the
GOM Planning Areas, Figure 3.2.2-2 for the Cook Inlet Planning Area, and Figure 3.2.2-3 for
the Chukchi and Beaufort Seas Planning Areas, and are discussed below.

Other efforts have been directed toward developing ecoregions for coastal areas within
LMEs (e.g., Yanez-Arancibia and Day 2004). The coastal ecoregions of Yanez-Arancibia and
Day (2004) and the CEC marine ecoregions are used together in this PEIS to present an
integrated ecosystem-based view of the areas that could be affected by oil and gas activities on
the OCS.

The following sections identify the CEC ecoregions associated with each of the OCS
Planning Areas addressed in this draft PEIS. Descriptions of the physical environment and
ecological resources in these ecoregions are discussed in the subsequent resource-specific
descriptions of the affected environment later in this chapter.
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3.2.3 Ecoregions of the Northern Gulf of Mexico

As previously discussed, the GOM Planning Areas addressed in this draft PEIS occur
within the GOM LME (see Section 3.2.2), which can be subdivided into finer-scale marine
ecoregions as described by the CEC and others (Wilkenson et al. 2009). On a geomorphological
basis, the GOM Planning Areas include the Northern GOM Shelf and Slope, the Mississippi Fan,
and the GOM Basin Ecoregions (Figure 3.2.2-1) (Wilkinson et al. 2009). The following sections
present brief overviews of these ecoregions, with more detailed discussions of physical and
biological conditions and resources discussed in later sections.

3.2.3.1 Northern Gulf of Mexico Shelf Ecoregion

As indicated by its name, this ecoregion encompasses the continental shelf of the
northern GOM and includes about half of the Western, Central, and Eastern GOM Planning
Areas (Figure 3.2.2-1). This ecoregion varies in width across the three planning areas, extending
as much as 250 km (155 mi) from the coastline in some areas, being narrowest in the vicinity of
the Mississippi River Delta eastward to the Florida Panhandle. Water depth extends down to
about 200 m (660 ft). Coastal areas of this ecoregion may be further delineated into three
estuarine areas, the Texas, Mississippi, and Western Florida Estuarine Areas, and three neritic
areas, the Western GOM, Eastern GOM, and Southwest Florida Neritic Areas (Figure 3.2.2-1).
These estuarine areas contain as much as 60% of the tidal marshes of the United States and
receive inputs from 37 major rivers. Freshwater input (with associated sediment loads) from
three major estuarine drainage areas (Figure 3.2.1-4) strongly influences the nature and
distribution of habitats and associated biota along the GOM coast.

The physiological and ecological conditions of the shelf in the central portion of the
northern GOM are strongly influenced by the Mississippi River and its tributary, the Atchafalaya
River (Wilkenson et al. 2009). Drainage from more than 55% of the conterminous United States
enters the GOM from the Mississippi River, affecting water quality and substrates of this and
other ecoregions (see Section 3.4.1). Increased nutrient and sediment loads from the Mississippi
River result in the annual appearance of a large “dead zone” — an area of extremely low oxygen
concentration.

Habitats include coastal lagoons and estuaries, tidal freshwater grasses, salt marsh, tidal
freshwater marsh flats, intertidal scrub forest, beaches, and barrier islands. The nature and extent
of these habitats and the biota they support vary, depending upon location (e.g., western Texas
coastline vs. the Chenier Plain, Louisiana, vs. the west coast of central Florida).

3.2.3.2 Northern Gulf of Mexico Slope Ecoregion

This ecoregion extends from the edge of the Northern GOM Shelf Ecoregion to the start
of the GOM Basin, with depths ranging from 200 to 3,000 m (660 to 9,800 ft) (Figure 3.2.2-1).
This ecoregion extends through all three planning areas, comprising more than half of the
Western and Central GOM Planning Areas and about a quarter of the Eastern GOM Planning
Area.
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3.2.3.3 Mississippi Fan Ecoregion

The Mississippi Fan Ecoregion extends from the Mississippi River Delta to the central
abyssal plain (Figure 3.2.2-1), and is strongly influenced by the outflow of the Mississippi River.
The upper part of the fan (to a water depth of about 2,500 m [8,200 ft]) has a complex and
rugged topography attributed to salt diapirism,® 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.

3.2.3.4 Gulf of Mexico Basin Ecoregion

The GOM Basin Ecoregion contains the deepest waters and habitats within the GOM
LME. Water depths range from 3,000 to more than 4,300 m (9,800 to more than 14,100 ft).
Only a very small portion of the Western GOM Planning Area overlies this ecoregion
(Figure 3.2.2-1). In contrast, about a quarter of the Central GOM Planning Area (primarily in
its southeastern portion) and about a third of the Eastern GOM Planning Area (primarily its
southwestern portion) overlay the GOM Basin Ecoregion.

3.2.4 Ecoregions of the Gulf of Alaska

As discussed earlier, the Cook Inlet Planning Area is located within the Gulf of Alaska
LME (Figure 3.2.1-1). Cook Inlet itself is associated with the Alaskan/Fjordland Pacific Level Il
Ecoregion, which extends from the westernmost end of the Aleutian Islands southward to the
northern end of Vancouver Island (Wilkinson et al. 2009). The Cook Inlet Planning Area
includes two Level 111 ecoregions: the Cook Inlet Ecoregion in the upper portion of the planning
area and the Gulf of Alaska Level 11l ecoregion in the lower portion of the planning area
(Figure 3.2.2-2). These ecoregions are strongly influenced by the Alaska Current and the Alaska
Coastal Current.

3.2.4.1 Alaskan/Fjordland Shelf Level II Ecoregion

The Alaskan/Fjordland Shelf Level Il Ecoregion includes fjords, islands, and straits along
the Pacific coast from the north end of Vancouver Island to the end of the Alaska Peninsula. The
shelf is generally narrow, ranging from about 20 km (12 mi) at its southern end to about 160 km
(96 mi) along portions of the Alaska Peninsula, and is very narrow in some areas (such as around
the Queen Charlotte Islands). The shelf is widest in the vicinity of the Cook Inlet Planning Area.
This ecoregion has one of the most productive marine ecosystems in the northern Pacific,
primarily as a result of the upwelling of nutrients by the Alaska Gyre (Wilkenson et al. 2009).

1 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 a salt diapirs. Salt
diapirs are common features of sedimentary basins such as the GOM (Nelson 1991).
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3.2.4.2 Gulf of Alaska Level III Ecoregion

The Gulf of Alaska Level I11 Ecoregion extends about 1,860 km (1,160 mi) along the
Gulf of Alaska coast from about the vicinity of Juneau westward to the end of the Alaskan
Peninsula at Unimak Pass, and has a width of about 170 km (105 mi) in the vicinity of the Cook
Inlet Planning Area. This ecoregion encompasses the lower portion (the Shelikof Strait) of the
Cook Inlet Planning Area, from the approximate vicinity of the Barren Islands through the
Shelikof Strait to the southern end of Kodiak Island (Figure 3.2.2-2). This ecoregion is strongly
influenced by the Alaska Current. The Shelikof Strait portion of this ecoregion and the planning
area is about 240 km (150 mi) in length with a width of about 40-50 km (25-30 mi).
Physiography of the ecoregion includes rocky coastlines and numerous fjords, islands, and
embayments.

3.2.4.3 Cook Inlet Level I1I Ecoregion

The Cook Inlet Level 111 Ecoregion includes the northern portion of the Cook Inlet
Planning Area, northward from the mouth of Cook Inlet proper (Figure 3.2.2-2). The inlet is
about 290 km (180 mi) in length, with a watershed of about 100,000 km? (39,000 mi2). Major
tributaries based upon size include the Susitna, Little Susitna, Kenai, Matanuska, Eagle,
Crescent, and Johnson Rivers.

3.2.5 Ecoregions of the Alaska Arctic Coast

The Beaufort and Chukchi Sea Planning Areas occur within the two LMEs that
encompass the arctic coast of Alaska (Figure 3.2.1-2). While the two planning areas occur
within the similarly named LMEs, the Level 11 and Il CEC ecoregions actually cross LME and
planning area boundaries (Figure 3.2.2-3). The following sections identify and describe the CEC
Level Il and 111 ecoregions where OCS oil and gas leasing may occur under the proposed action.

3.2.5.1 Arctic Slope and Arctic Plains Level II Ecoregions

These two Level 11 ecoregions are characterized by relatively constant covers of ice
sheets and ice packs (Wilkenson et al. 2009). Water depths on the Arctic Slope may range from
200 to 3,000 m (660 to 9,800 ft) and are deeper on the Arctic Plains. Most of these two
ecoregions occur in the Beaufort Sea Planning Area (Figure 3.2.2-3). While ice may cover 90—
100% of these ecoregions in any given year, ice cover throughout the year is not continuous;
numerous leads of open water occur and are very important to ecological resources of these
ecoregions.
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3.2.5.2 Beaufort/Chukchian Shelf Level II Ecoregion

Within the Arctic Planning Areas, this Level 11 ecoregion extends along the Arctic coast
from the eastern boundary of the Beaufort Sea Planning Area westward almost to Point Hope
(Figure 3.2.2-3). In the Beaufort Sea Planning Area, this ecoregion is relatively narrow (about
80 km [50 mi]), and widens considerably in the Chukchi Sea Planning Area to as much as
390 km (240 mi). Water depths may reach 100 m (330 ft) (Wilkenson et al. 2009). Coastal areas
include barrier beaches, extensive deltas, lagoons, estuaries, tidal flats, and narrow sand and
gravel beaches, with low coastal relief. From October to June, this ecoregion is covered by a
combination of landfast ice (extending 20 to 80 km [12 to 50 mi]) and pack ice. In summer,
there is a coastal ice-free zone that may be as much as 200 km (120 mi) in width.

3.2.5.3 Beaufortian and Chukchian Neritic Level III Ecoregions

These Level 111 ecoregions occur within and comprise all of the Beaufort/Chukchian
Shelf Level Il Ecoregion (discussed above) that occurs within the two Arctic Planning Areas
considered in this draft PEIS (Figure 3.2.2-3). The Beaufortian Neritic Level Il Ecoregion
accounts for the vast majority of the Beaufort/Chukchain Shelf, while the Chukchian Neritic
Level Il Ecoregion occurs only along a small portion of the Chukchi Sea coast in the vicinity
of Point Hope. Both ecoregions (and especially the Chukchi Neritic Ecoregion) are strongly
influenced by circulation flowing from the Bering Sea (Wilkenson et al. 2009).

3.3 CONSIDERATIONS OF CLIMATE CHANGE AND THE BASELINE
ENVIRONMENT

Several natural and anthropogenic factors affect climate variability, but scientific
evidence has led to the conclusion that current climate warming trends are linked to human
activities, which are predominantly associated with greenhouse gas emissions (e.g., NRC 2010).
Climate change effects have been observed to be occurring on all continents and oceans, and
these observations have provided insights on relationships among atmospheric concentrations of
carbon dioxide and other greenhouse gases, mean global temperature increases, and observed
effects on physical and biological systems (IPCC 2007a). There are many impacts associated
with climate change processes that have been observed in U.S. coastal regions that include
changing air and water temperatures, rising sea levels, more intense storms, ocean acidification,
coastal erosion, sea ice loss, declining coral reef conditions, and loss of critical habitats such as
estuaries, wetlands, barrier islands, and mangroves (e.g., Boesch et al. 2000; ACIA 2005;

Titus et al. 2009; Morel et al. 2010; Pendleton et al. 2010; Blunden et al. 2011).

The global climate system is driven largely by incoming solar energy that is reflected,
absorbed, and emitted within the Earth’s atmosphere, and the resulting energy balance
determines atmospheric temperatures (Solomon et al. 2007). Atmospheric concentrations of
greenhouse gases (carbon dioxide, methane, nitrous oxide, and halocarbons) increase absorption
and emission of energy, resulting in a positive radiative forcing to the climate system and
warmer global mean temperatures; this process is often described in general terms as the
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greenhouse effect. Global concentrations of greenhouse gases in the atmosphere have increased
from pre-industrial times and by 70% from 1970 to 2004, these emission increases are linked to
human activity sectors such as energy, industry, transportation, and agriculture (IPCC 2007a;
Rogner et al. 2007). The climate system response to this positive radiative forcing is
complicated by a number of positive and negative feedback processes among atmospheric,
terrestrial, and oceanic ecosystems, but overall the climate is warming, as is evident by observed
increases in air and ocean temperatures, melting of snow and ice, and sea level rise

(IPCC 2007a).

Global mean atmospheric temperatures have risen by 0.74 + 0.18°C (1.33 = 0.32°F)
between 1905 and 2005, and the rate of warming for the past 50 yr has been almost double the
rate for the past 100 yr (0.13°C [0.23°F] per decade) (Trenberth et al. 2007). Atmospheric
warming has not been spatially uniform, and in particular arctic temperatures have increased
about twice as much as those in lower latitudes (ACIA 2005). Preferential warming in the Arctic
is partially the result of the ice-albedo effect, which occurs when highly reflective ice is replaced
by less reflective water and land surfaces, resulting in more heat being absorbed by the land and
water rather than being reflected back to the atmosphere (Perovich et al. 2007). About 80% of
the warmth caused by greenhouse gases has been absorbed in the oceans (NRC 2010). Long-
term observations of oceanic temperatures have revealed considerable inter-annual and inter-
decadal variability. Between 1961 and 2003, oceanic warming was widespread in the upper
700 m (2,300 ft) of oceans, where the global mean ocean temperature has risen by 0.10°C
(0.18°F) (Bindoff et al. 2007).

The effects of climate change on ecosystems are complex and nonuniform across the
globe and vary among atmospheric, terrestrial, and oceanic systems (e.g., IPCC 2007a;
Blunden et al. 2011). Considerations of climate change effects in OCS planning areas focus on
impacts on marine and coastal systems where environmental sensitivities are typically associated
with increasing atmospheric and ocean temperatures, but they can also be categorized as
responses to sea level rise, coastal erosion, and ocean acidification. These general categories of
climate change responses are occurring in addition to human-induced pressures related to coastal
population densities (e.g., land use changes, pollution, overfishing) and trends of increasing
human use of coastal areas (Nicholls et al. 2007).

Environmental Sensitivity to Atmospheric and Oceanic Temperature Increases.
Environmental responses to warming atmospheric and oceanic temperatures include changes to
species composition, coral reef damage, permafrost thawing, increased occurrences of storm
events, loss of sea ice, and changes in ocean dynamics.

Species Composition. Effects of warming temperatures have already been seen in the
form of changes in species location ranges, changes in migration patterns and timing, changes in
location and timing of reproduction, and increases in disease (Perry et al. 2005;

Rosenzweig et al. 2007; Simmonds and Isaac 2007). As species extend their spatial ranges, there
can be negative consequences related to non-native and invasive species (Twilley et al. 2001).
Climate change impacts on aquatic environments have the potential to affect species composition
within an ecosystem according to species-specific thresholds, as well as species characteristics
such as mobility, lifespan, and availability to use available resources (e.g., Chapin et al. 2000;
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Levinsky et al. 2007). These variations in species-specific thresholds and characteristics result in
the breakup of existing ecosystems and the formation of new ones in response to climate change,
with unknown consequences (Perry et al. 2005; Simmonds and Isaac 2007; Karl et al. 2009).

Coral Reef Damage. Warmer water temperatures or increases in ultraviolet light
penetration cause coral to lose their symbiotic algae, a process called bleaching. Intensities
and frequencies of bleaching events have increased substantially over the past 30 yr, resulting
in the death of or severe damage to about one third of the world’s shallow water corals
(Karl et al. 2009). In addition to coral bleaching, there has been a rise in the occurrence of
excessive algal growth on reefs, as well as the presence of predatory organisms and reports of
diseases related to bacterial, fungal, and viral agents (Boesch et al. 2000; Twilley et al. 2001).
Additional discussion of coral reef damage is presented in Section 3.7.2.1.7.

Permafrost Thawing. Permafrost degradation affects terrestrial and hydrologic
conditions in Arctic regions where the temperature at the top of the permafrost layer has
increased by up to 3°C (5.4°F) since the 1980s, and in the Alaskan Arctic the permafrost base
has been thawing at a rate of up to 0.04 m/yr (0.13 ft/yr) (Lemke et al. 2007). Recent data
collected in 2010 suggest that trends in permafrost warming have begun to propagate southward
nearly 200 km (124 mi) inland from the North Slope region (Richter-Menge and Jeffries 2011).
Thawing of permafrost near coastal regions is expected to result in more rapid rates of shore
erosion, increases in stored-carbon releases (Schuur et al. 2009), and damage to infrastructure
such as roads and pipelines (Karl et al. 2009). These effects are expected to be compounded by
reduced duration and extent of shoreline protection provided by landfast ice and more exposure
to ocean storms.

Increases in Major Storm Frequency and Intensity. Regional weather conditions are
influenced by modal climatic variability patterns such as the EI Nifio-Southern Oscillation
(ENSO), Arctic Oscillation (AO), North Atlantic Oscillation (NAO), and the Pacific Decadal
Oscillation (PDO) that act as connection pathways between regional atmospheric conditions and
the world’s oceans (NRC 1998; Liu and Alexander 2007). Major storms in low- to mid-latitude
regions (e.g., cyclones, hurricanes, and typhoons) are largely controlled by the ENSO phase
(Trenberth et al. 2007). In the northern hemisphere, there is a general northward shift in cyclone
activity that is correlated with AO and NAO phases (ACIA 2005). Climate change affects water
temperatures and wind patterns that interact to either enhance or work against storm formation,
making it difficult to predict climate change effects on major storm events (Karl et al. 2009).
However, a number of studies have concluded that cyclonic activity has changed over the second
half of the 20th century with evidence suggesting that since the 1970s there has been a
substantial upward trend toward longer-lasting and more intense storms (Trenberth et al. 2007).

Sea Ice Biome. The presence of sea ice and landfast ice in the marine environment of the
Arctic creates a productive marine ice biome essential for the survival and flourishing of marine
animals and supports traditional subsistence communities (e.g., Berkes and Jolly 2001;
Simmonds and Isaac 2007; Arp et al. 2010). These environments provide hunting, resting, and
birthing platforms along the ice-water interface, generate local upwelling responsible for high
productivity in polynyas, and release large quantities of algae growing beneath the ice surface
into the food chain at ice melt (ACIA 2005). Polar bear populations are strongly correlated with
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regional characteristics of sea ice and vary seasonally and with respect to specific requirements
for reproduction (Durner et al. 2004). The Ifiupiat Eskimos, Alaska Native people of coastal
villages of northwestern Alaska and the North Slope, use sea ice for hunting and fishing grounds,
as well as seasonal whaling camps that are vital to support their subsistence lifestyle (Braund and
Kruse 2009). The greatest threat to the sea ice biome is the loss of sea ice due to climate change.
Sea ice extent, as observed mainly by remote sensing methods, has decreased at a rate of
approximately 3% per decade starting in the 1970s with larger decreases occurring in summer
months (Parkinson 2000). Multi-year sea ice has decreased at a rate of nearly 9 to 12% per
decade since the 1980s (Comiso 2002; Perovich et al. 2010), but more recent studies have shown
a loss of multi-year ice area of 42% from 2005 to 2008 (Kwok and Cunningham 2010).

Ocean Dynamics. While large-scale trends in ocean salinity suggest certain regions have
been experiencing changes in salinity that in combination with the warming of the atmosphere
and oceans can change the dynamic properties of the ocean circulation patterns, there is currently
no clear evidence for suggesting significant changes to major ocean circulation patterns as a
result of climate change (Bindoff et al. 2007). However, there have been more regional studies
that have suggested potential mechanistic changes to ocean circulations. For example, Bakun
(1990) presented evidence on the effects of altered wind patterns that could enhance coastal
upwelling along the western coast of the United States, which could increase productivity in
these regions as nutrient-rich bottom water ascends to the ocean surface. There has also been
interest in understanding the effect of increased freshwater inputs from the Greenland Ice Sheet
on overturning the North Atlantic Current (Church 2007; Rabe et al. 2011). One of the largest
obstacles for understanding climate change effects on ocean currents is the lack of long-term
measurements, which makes it difficult to decipher climate change responses from inter-decadal
variability (Bryden et al. 2003).

Environmental Sensitivity to Sea Level Rise and Coastal Erosion. The recent global
sea level rise has been caused by warming-induced thermal expansion of the oceans and
accelerated melting of glaciers and ice sheets. The global mean sea level has risen at a mean
rate of 1.8 £ 0.5 mm/yr from 1961 to 2003 with considerable variability spatially, as well as
considerable decadal time-scale variability (Bindoff et al. 2007). Predictions in sea level rise are
as much as 0.6 m (2 ft) by 2100 (Nicholls et al. 2007). The amount of relative sea level rise
along different parts of the U.S. coast depends not only on thermal expansion and ice sheet
melting, but also on the changes in elevation of the land that occur as a result of subsidence or
geologic uplift (Karl et al. 2009). Submergence hotspots can occur as a result of local
subsidence in combination with sea level rise such that the rate of rise of sea level relative to
the land is expected to be higher than in other parts of the area.

Certain areas along the Atlantic and GOM coasts are undergoing relatively rapid
inundation and landscape changes because of the prevalence of low-lying coastal lands
(Titus et al. 2009). Barrier islands in the northern GOM have been losing land areas and
changing habitat conditions because of decreased sediment supplies from rivers, sea level rise,
and intense storms (Lucas and Carter 2010). Coastal erosion rates over the past couple of
decades averaged 3.7 m/yr (12 ft/yr), but storm events such as Hurricane Rita have caused
erosion rates of 12 to 15 m (39 to 49 ft) in a single event (Park and Edge 2011). The coasts of
the Beaufort and Chukchi Seas consist of river deltas, barrier islands, exposed bluffs, and large
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inlets and inland are characterized by low-relief lands underlain by permafrost (Jorgenson and
Brown 2005). The combination of wind-driven waves, river erosion, sea level rise, and sea ice
scour with highly erodible coastal lands creates the potential for high erosion rates along the
Beaufort and Chukchi Sea coasts (Proshutinsky et al. 2001; Mars and Houseknecht 2007). In
addition to coastal erosion along the arctic coast, storm surge flooding has converted freshwater
lakes into estuaries, affecting habitat conditions (Arp et al. 2010).

Environmental Sensitivity to Ocean Acidification. Ocean acidification refers to the
decrease in the pH of the oceans and its buffering capacity caused by the uptake of carbon
dioxide from the atmosphere that reacts with seawater to form carbonic acid, leading to
decreasing pH values in the oceans. Predictions of future ocean water pH levels vary somewhat,
but predicted decreases range from 0.14 to 0.4 pH units over the 21st century (Caldeira and
Wickett 2005; Orr et al. 2005; IPCC 2007a). Factors such as water temperatures, salinity, sea
ice, and ocean mixing processes affect the amount of carbon dioxide absorbed by oceans, so
climate change effects on storms, river discharge, and precipitation patterns all affect ocean
acidification (IPCC 2007). The mechanisms that lead to ocean acidification also affect estuarine
and coastal waters, although their impacts on estuarine ecosystems are not well known because
of the multitude of processes affecting pH levels in these systems (Feely et al. 2010).

Ocean acidification affects the ability of certain organisms to create shells or skeletons by
calcification, which can be especially harmful to mollusks, corals, and certain plankton species
that are important to oceanic food chains (Orr et al. 2005; Karl et al. 2009). However, several
laboratory experiments conducted under elevated carbon dioxide conditions have shown mixed
calcification rates in many organisms (including positive responses to ocean acidification),
which suggests complex mechanisms by which organisms respond to ocean acidification
(Doney et al. 2009; Ries et al. 2009). Coral reefs are highly dependent on calcified structures
for survival and both warm-water and cold-water corals are negatively impacted by ocean
acidification (Royal Society 2005). Ocean waters in Arctic regions are highly susceptible to
ocean acidification resulting from increased carbon dioxide solubility, freshwater inputs, and
increased primary productivity, and these factors relating to ocean acidification are enhanced by
current climate change trends and loss of sea ice (Fabry et al. 2009; Steinacher et al. 2009).

Climate Change Predictions and Uncertainties. Climate change predictions are based
on a variety of models that simulate all relevant physical processes affecting interactions among
the atmosphere, oceans, and biosphere, which are driven by a variety of projected greenhouse
gas emission scenarios. Global climate models generate projected changes in atmospheric,
ocean, and land surface climate variables at scales on the order of one degree in latitude and
longitude, which are not sufficient for making regional-scale climate assessments. Downscaling
global climate models and coupling them with more localized regional climate models is an
active area of current research (Christensen et al. 2007; Randall et al. 2007). The complexity
of modeling global and regional climate systems is great, so it is important to consider
measures of uncertainty, which is typically done using a multi-model ensemble approach
(Krishnamurti et al. 2000). It is important to recognize that despite new climate model
developments, uncertainty in climate projections can never be entirely eliminated
(McWilliams 2007).
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The Intergovernmental Panel on Climate Change (IPCC) has summarized climate change
predictions over the next two decades and over the 21st century, using climate model predictions
and evidence from various scientific disciplines (IPCC 2007a). The IPCC uses a 10-fold
likelihood scale ranging from virtually certain (>99% probability of occurrence) to exceptionally
unlikely (<1% probability) to define consistent terminology for climate change projections where

uncertainty can be assessed by statistical analyses, and a 10-point scale (10 being the most

confident) for projections where uncertainty was qualitatively assessed by expert judgment. The
most recent climate change projections summarized by the IPCC (2007a) include some of the

following:

An increase in atmospheric temperatures of approximately 0.2°C (0.4°F) per
decade is predicted over a range in projected greenhouse gas emission
scenarios;

Warming is expected to be greatest over land and at higher latitudes;

Model estimates of sea level rise vary from 0.18 to 0.59 m (0.6 to 2 ft) by the
end of the 21st century, but information on important feedback processes to
sea level rise do not allow for determining a best estimate;

Polar regions are projected to have continued reductions in sea ice, glaciers,
and ice sheets;

Projection models suggest that ocean pH values decreasing between 0.14 and
0.35 over the 21st century;

Itis likely (>66%) that tropical cyclones will become more intense;
Increased precipitation is very likely (>90%) to occur at high-latitudes;

There is high confidence (8 out of 10) that annual river runoff will increase by
10 to 40% at high latitudes and decrease by 10 to 30% in dry regions of mid-
latitudes;

Net carbon uptake by terrestrial ecosystems is likely (>66%) to peak during
this century as natural carbon sequestration mechanisms reach their capacity;
and

There is medium confidence (5 out of 10) that predicted temperature increases
will result in approximately 20 to 30% of plant and animal species that have
been assessed likely (>60%) being at an increased risk of extinction.
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3.3.1 Gulf of Mexico

Climate change in the GOM is expected to affect coastal ecosystems, forests, air and
water quality, fisheries, and business sectors such as industry and energy (Ning et al. 2003). The
GOM region has experienced increasing atmospheric temperatures since the 1960s, and from
1900 to 1991 sea surface temperatures have increased in coastal areas and decreased in offshore
regions (Twilley et al. 2001). In addition to temperature changes, the northern coast of the GOM
IS experiencing impacts associated with sea level rise that include the loss of coastal wetland and
mangrove habitats, salt water intrusion into coastal aquifers and forests, and increases in
shoreline erosion (Williams et al. 1999; Pendleton et al. 2010). Climate change associated sea
level rise is occurring in combination with altered hydrology and land subsidence that has
resulted in measures of relative sea level rise ranging between 0.002 m/yr (0.007 ft/yr) along
Texas and up to 0.01 m/yr (0.03 ft/yr) along the Mississippi River Delta (Twilley et al. 2001).

Climate models generally predict a rise in temperatures in the GOM Coastal States this
century; however, predictions of precipitation are more problematic due to model uncertainties
(Karl et al. 2009). Predictions of precipitation among various modeling studies for the GOM
region have generally predicted a slight decrease in precipitation in coastal areas, as well as more
intense rainfall events and longer periods of drought, but models vary widely in upland areas,
which affect river discharges (Mulholland et al. 1997; Boesch et al. 2000; Twilley et al. 2001).

Significant increases or decreases in precipitation and river runoff would affect salinity
and water circulation, as well as water quality. Increased runoff would likely deliver increased
amounts of nutrients (such as nitrogen and phosphorous) to estuaries, increase the stratification
between warmer fresher and colder saltier water, and potentially lead to eutrophication of
estuaries and increase the potential for harmful algal blooms that can deplete oxygen levels
(Justic et al. 1996; Karl et al. 2009). Reductions of freshwater flows in rivers or prolonged
drought periods could substantially reduce biological productivity in Mobile Bay, Apalachicola
Bay, Tampa Bay, and the lagoons of Texas and could increase the salinity in coastal ecosystems,
resulting in a decline in mangrove and sea grass habitats (Twilley et al. 2001). Decreased runoff
could also diminish flushing of the estuaries, decrease the size of estuarine nursery zones, and
allow an increase in predators and pathogens (Boesch et al. 2000).

Sea level rise along parts of the northern GOM coast are as high as 0.01 m/yr (0.03 ft/yr),
which is much greater than globally averaged rates (Twilley et al. 2001; IPCC 2007a). The
combination of sea level rise and land subsidence is resulting in the loss of coastal wetlands
and mangroves, which is damaging to habitat functions to many important fish and shellfish
populations. Future sea level rise is expected to cause additional saltwater intrusion into
coastal aquifers of the GOM, potentially making some unsuitable as potable water supplies
(Karl et al. 2009). Saltwater intrusion and sea level rise are damaging coastal bottomland forests
(primarily along the western GOM coast) and mangroves through soil salinity poisoning,
increased hydroperiods, and coastal erosion (Williams et al. 1999). Additionally, climate
change model predictions suggest that there will be an increase in the intensity of hurricanes
(IPCC 2007a), and coastal regions may potentially have fewer barrier islands, coastal wetlands,
and mangrove forests to buffer the resulting storm surges as a result of sea level rise.
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Marine biota in the GOM are influenced by changes in temperature, salinity, and ocean
acidification, as well as their biological environment including predators, prey, species
interactions, disease, and fishing pressure (Karl et al. 2009). Projected changes in physical
oceanographic conditions can affect the growth, survival, reproduction, and spatial distribution
of marine fish species and of the prey, competitors, and predators that influence the dynamics of
these species. However, impacts on marine biota associated with climate change need to be
considered against natural variation (Rosenzweig et al. 2007).

3.3.2 Alaska Region

The Arctic climate system is complex and has varied considerably over geologic time
scales (ACIA 2005). Over the last 100 yr, mean Arctic temperatures have increased at a rate
nearly double that of global mean temperatures (IPCC 2007a). The ice-albedo feedback
mechanism has the potential to enhance the effects of warming trends as the loss of sea ice leads
to more heat absorption by ocean waters, which affects both sea ice melt and regional
atmospheric circulation patterns important to the global heat budget (ACIA 2005; Overland and
Wang 2011). However, it is important to recognize that climate conditions in the Arctic
experience strong decadal variability in relation to modal climatic variability patterns such as the
AO, PDO, and NAO (ACIA 2005). A recent modeling study has suggested that Arctic regions
are nearing a threshold, where amplified greenhouse effect warming is likely to overpass decadal
climate variability patterns (Serreze and Francis 2006). The impacts of climate change on the
Arctic include warming ocean temperatures, reductions in sea ice, permafrost thawing, and
coastal erosion, which all affect terrestrial, coastal, and marine ecosystems (Hopcroft et al.
2008). In addition to ecosystem impacts, the loss of sea ice contributes to an ice-albedo
feedback process that affects regional atmospheric circulation patterns and global heat budgets
(ACIA 2005; Overland and Wang 2011).

Changes to the Arctic climate, as well as the sea ice and permafrost biomes, have been
documented in several studies (Parkinson 2000; Comiso 2002; Rothrock and Zhang 2005;
ACIA 2005; Anisimov et al. 2007; Hopcroft et al. 2008; Perovich et al. 2010; Richter-Menge and
Jeffries 2011) and include:

« Atmospheric temperatures have increased by 1-2°C (2-4°F) since the 1960s;

» Atmospheric temperatures increasing at a rate of 1°C (2°F) per decade in
winter and spring;

» Precipitation has increased by approximately 1% per decade;

« March sea ice extent has decreased at a rate of approximately 3% per decade
starting in the 1970s;

« Multi-year sea ice has decreased at a rate of approximately 9 to 12% per
decade since the 1980s;
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« Sea ice volumes have decreased by 4% per decade since the 1950s;

« Temperatures at the top of the permafrost layer have increased by up to 3°C
(5°F) since the 1980s;

« Permafrost base has been thawing at a rate of up to 0.04 m/yr (0.13 ft/yr).

Impacts of current and projected climate changes have the potential to affect sea ice
(most importantly multi-year sea ice) and permafrost biomes, as well as coastal erosion rates,
animal populations, and subsistence livelihoods. Retreat of sea ice would increase impacts on
coastal areas from storms. Furthermore, coastlines where permafrost has thawed are more
vulnerable to erosion from wave action, which can affect both erosion rates as well as change
freshwater lakes into estuarine habitats (Mars and Houseknecht 2007; Arp et al. 2010). An aerial
photo comparison has revealed total erosive losses up to 457 m (1,500 ft) over the past few
decades along some stretches of the Alaskan coast (Alaska Regional Assessment Group 1999).
At Barrow, Alaska, coastal erosion has been measured at the rate of 1-2.5 m/yr (3-8 ft/yr) since
1948 (ACIA 2005), and it has been causing severe impacts on the community. Maximum
coastal erosion rates of up to 13.3 m/yr (43.6 ft/yr) have occurred near Cape Halkett and Cape
Simpson during the time period of 1980-2000 (Ping et al. 2011).

Changes in permafrost have caused failure of buildings and costly increases in road
damage and road maintenance in Alaska (Alaska Regional Assessment Group 1999;
Hinzman et al. 2005). Present costs of thaw-related damage to structures and infrastructure in
Alaska have been estimated at $35 million per year (NAST 2001). A continued warming of the
permafrost is likely to increase the severity of permafrost thaw-related problems. Thawing of
any permafrost increases groundwater mobility, reduces soil bearing strength, and increases the
susceptibility to erosion and landslides. Thawing could disrupt petroleum exploration and
production by shortening the availability of time for minimal-impact operations on ice roads and
pads (ACIA 2005).

Loss of sea ice, especially multi-year ice that lasts through summer months, could cause
large-scale changes in marine ecosystems and could threaten populations of marine mammals
such as polar bears, walruses, and seals that depend on the ice for habitat, hunting, and
transportation (Boesch et al. 2000; NAST 2001; Durner et al. 2004; Hopcroft et al. 2008;

Karl et al. 2009). With studies examining the impacts of climate change on arctic biota, there
have been reported changes in abundance, range shifts, growth rates, behavior, and community
dynamics for both terrestrial and marine species (Belkin 2009; Mueter et al. 2009; Wassmann et
al. 2011). Seals and polar bears regularly use landfast sea ice as habitat, which is particularly
susceptible to climate warming (Boesch et al. 2000). Ice edges are biologically productive
systems in which ice algae form the base of the food chain, which has implications for higher
trophic levels (Moline et al. 2008). The sea ice algae are crucial to arctic cod, which is an
important species to the diets of seabirds and marine animals in Arctic regions (Bradstreet and
Cross 1982; Gradinger and Bluhm 2004). As ice melts, there is concern that there would be loss
of prey species of marine mammals, such as arctic cod and amphipods, which are associated with
ice edges, and these impacts can propagate through food webs associated with the sea ice biome
(ACIA 2005).
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Ocean fisheries are highly vulnerable to changes in climatic conditions such as sea
temperature and sea ice conditions (Karl et al. 2009), and fisheries in the Alaska region have
experienced decadal-scale variability in climate due to modal patterns of oceanic and
atmospheric interactions (Schwing et al. 2010). For example, Pacific salmon populations have
shown decadal variability over the past 300 yr, which spans the timeframe of before and after
commercial fishing, suggesting the strong coupling of ocean conditions and salmon populations
(Finney et al. 2000). In 1977, warmer sea surface temperatures and reduced sea ice conditions
generated a “regime shift” in the fisheries of the Gulf of Alaska that carried over into the 1980s,
producing large salmon, pollock, and cod populations with a reduction in populations of forage
fishes (Boesch et al. 2000; NAST 2001). Evidence of climate change warming effects on
fisheries is difficult to detect with respect to decadal variability patterns. However, current
trends of increased freshwater inputs, increased ultraviolet radiation, warmer sea surface
temperatures, ocean acidification, and reduced sea ice are driving biodiversity changes across
trophic levels for marine and freshwater fish of the Alaska region with both positive and negative
effects depending on tolerance levels and the ability to adapt to changing habitats of the various
fish populations (Reist et al. 2006; Anisimov et al. 2007; Bates and Mathis 2009). In addition to
temperature and sea ice changes, permafrost thawing and alterations to terrestrial hydrology have
the potential to increase sediment and nutrient availability in estuarine and nearshore habitats,
which have a mixture of positive and negative impacts on marine and anadromous fish
populations (ACIA 2005; Hopcroft et al. 2008).

Alaska Native subsistence communities have adapted to climate variability in the past,
but current warming trends may produce uncharacteristic and extreme environmental conditions
that can adversely affect these communities (Berkes and Jolly 2001; Anisimov et al. 2007).
Climate change effects such as sea ice melt, permafrost loss, and sea level rise may alter
traditional hunting locations and cause shifts in game patterns and quality, travel routes, and
inter-community trading and social mechanisms (Alaska Regional Assessment Group 1999;
ACIA 2005). In addition to climate change impacts, Alaska Native subsistence communities
have been adapting to economic development and modernization occurring in Arctic regions
(ACIA 2005; Braund and Kruse 2009). Alaska Native subsistence communities have
experienced and are currently experiencing impacts on subsistence activities caused by a
combination of environmental, social, and cultural changes. The Alaska Native subsistence
communities will find it more difficult to adapt or relocate than they did in the past because most
now live in established communities, which will make adaptation to climate change effects
problematic in the future (ACIA 2005).

3.4 WATER QUALITY

3.4.1 Gulf of Mexico

The term water quality describes the overall condition of water, reflecting its particular
biological, chemical, and physical characteristics. It is an important measure for both ecological
and human health. Water quality is most often discussed in reference to a particular purpose or
use of the water, such as recreation, drinking, or ecosystem health. This usage divides the
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analysis area into coastal and marine waters and includes human uses of water for recreation and
food harvest along with industrial and domestic uses. Coastal waters include all bays and
estuaries from the Rio Grande River to the Florida Bay. Marine water includes both State
offshore water and Federal outer continental shelf (OCS) waters extending from outside the
barrier islands to the Exclusive Economic Zone. The inland extent is defined by the Coastal
Zone Management Act. A further distinction within the marine water areas is between
continental shelf water and deep water. Figure 3.4.1-1 illustrates this distinction within marine
water areas and the OCS Planning Areas for the GOM.

In general, coastal water quality is influenced by the rivers that drain into the area, the
quantity and composition of wet and dry atmospheric deposition, and the influx of constituents
from sediments. Human activities influence the waters closest to the land. Circulation or mixing
of the water may either improve the water quality through dilution or degrade the quality by
introducing factors that contribute to water quality decline.

Marine water composition in the GOM has two primary influences. These are the
configuration of the GOM Basin, which controls the oceanic waters that enter and leave the
GOM, and runoff from the land masses, which controls the quantity of freshwater input into the
GOM. The GOM receives oceanic water from the Caribbean Sea through the Yucatan Channel
and freshwater from major continental drainage systems such as the Mississippi River system.
Estuarine and fluvial drainage areas in the GOM region are shown in Figure 3.2.1-4. The three
major fluvial drainage areas (FDASs) drain a total of 4.1 million square kilometers (km2)

(1.6 million square miles [mi2]) of the inland continental United States, and have a large
influence on water quality in the GOM. The large amount of freshwater runoff mixes into the
GOM surface water, producing a different composition on the continental shelf from that in the
open ocean.

3.4.1.1 Coastal Waters

The GOM coast contains one of the most extensive estuary systems in the world. This
system extends from the Rio Grande River in Texas eastward to Florida Bay in Florida.
Estuaries, semi-enclosed basins within which the freshwater of rivers and the higher salinity
waters offshore mix, are influenced by both freshwater and sediment influx from rivers and the
tidal actions of the oceans. The primary variables that influence coastal water quality are water
temperature, total dissolved solids (salinity), suspended solids (turbidity), and nutrients. An
estuary’s salinity and temperature structure are determined by hydrodynamic mechanisms
governed by the interaction of marine and terrestrial influences. Hydrodynamic influences
include tides, nearshore circulation, freshwater discharges from rivers, and local precipitation.
Tidal mixing within GOM estuaries is limited by the small tidal ranges that occur along the
GOM coast. The shallowness of most GOM estuaries, however, tends to amplify the mixing
effect of the small tidal range. GOM coast estuaries exhibit a general east-to-west trend in
selected attributes of water quality associated with changes in regional geology, sediment
loading, and freshwater inflow. For example, the estuarine waters in Florida generally have
greater clarity and lower nutrient concentrations than those in the central and western areas of the
GOM coast.
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The primary factors that affect estuarine water quality include upstream withdrawals of
water for agricultural, industrial, and domestic purposes; contamination by industrial and sewage
discharges; agricultural runoff carrying fertilizer, pesticides, and herbicides; upstream land use;
redirected water flows; and habitat alterations (e.g., construction and dredge-and-fill operations).
Because drainage from more than 55% of the conterminous United States enters the GOM
primarily from the Mississippi River, a large area of the nation contributes to coastal water
quality conditions in the GOM (see Figure 3.2.1-4). There are also three major estuarine
drainage areas (EDASs) that drain approximately 250,000 km2 (95,000 mi2) of coastal areas along
the GOM, strongly influencing water quality in the estuarine environments (NOAA 1999).

Population growth results in additional clearing of the land, excavation, construction,
expansion of paved surface areas, and drainage controls. These activities alter the quantity,
quality, and timing of freshwater runoff. Stormwater runoff that flows across impervious
surfaces is more likely to transport contaminants associated with urbanization including
suspended solids, heavy metals and pesticides, oil and grease, and nutrients (U.S. Commission
on Ocean Policy 2004). Additional information on factors that contribute to coastal water
quality can be found in the sociocultural systems section of this chapter.

Coastal water quality is also affected by the loss of wetlands, which is discussed in detail
in Section 3.7.1. Wetlands improve water quality through filtration of runoff water and
provision of valuable habitat. Suspended particulate material is trapped and removed from the
water, resulting in greater water clarity. Nutrients may also be incorporated into vegetation and
wetland sediments and removed from the water that passes through the wetlands.

The first USEPA National Coastal Condition Report summarized coastal conditions with
data collected from 1990 to 1996 (USEPA 2001). The USEPA updated this information in a
third report (USEPA 2008). The first report rated the overall condition of the GOM coastal
region as fair to poor. The third report ranked the water quality index fair and the overall
condition fair to poor (USEPA 2008). The water quality ranking used five factors: (1) dissolved
oxygen, (2) dissolved inorganic nitrogen, (3) dissolved inorganic phosphorus, (4) chlorophyll a,
and (5) water clarity. Contaminated sediments pose an immediate threat to benthic organisms
and an eventual threat to estuarine ecosystems as a whole. Contaminants in sediments may be
resuspended into the water by anthropogenic activities, storms, or other natural events, where
they can expose organisms in the water column and can accumulate and move up the food chain,
eventually posing health risks to humans (USEPA 2011g). The sediment quality index of the
GOM coast region was ranked as poor (USEPA 2008). Sediments in the GOM coast region have
been found to contain pesticides, metals, polychlorinated biphenyls (PCBs), and polycyclic
aromatic hydrocarbons (PAHs) (USEPA 2008).

Hurricanes Katrina and Rita resulted in a number of impacts on water quality conditions
in the GOM as a result of storm damage to pipelines, refineries, manufacturing and storage
facilities, sewage treatment facilities, and other facilities and infrastructure. For example,
Katrina damaged 100 pipelines, which resulted in approximately 211 minor pollution reports to
the former Minerals Management Service (MMS) (now the BOEM), while Rita damaged
83 pipelines, resulting in 207 minor pollution reports (MMS 2006a). Flood waters pumped into
Lake Pontchartrain contained a mixture of contaminants, including sewage, bacteria, heavy
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metals, pesticides, and other toxic chemicals, and as much as 24,600 cubic meters (m3)

(6.5 million gal) of oil (Sheikh 2006). Sources of these contaminants include damaged sewage
treatment plants, refineries, manufacturing and storage facilities, and other industrial and
agricultural facilities and infrastructure (Sheikh 2006). The flood waters of New Orleans were
oxygen depleted and contained elevated bacterial levels, but the pollutants occurred at about the
same concentrations as typical stormwater runoff (Pardue et al. 2005). Testing following the
storm identified low levels of fecal coliform in Mississippi Sound and Louisiana coastal waters.
Very few toxics resulting from the hurricanes were detected in estuarine or coastal waters
(USEPA 2010).

The heavy rainfall associated with Katrina increased agricultural runoff of nutrients into
the GOM and decreased salinity of nearshore waters (NOAA and NMFS 2007). Storm surges as
a result of the hurricanes caused temporary saltwater intrusion in some estuarine areas (NOAA
and NMFS 2007). The release of contaminated Lake Pontchartrain waters into the GOM, as well
as releases from damaged pipelines, caused short-term impacts on water quality in the GOM.
Tidal action and normal current patterns in the GOM resulted in the dilution and dispersal of any
heavily contaminated waters, potentially limiting any long-term effects on GOM water quality
(Congressional Research Service 2005). Levels of contamination in oyster populations in coastal
Louisiana and Mississippi after hurricane Katrina were measured and compared to the 20-yr
record of contamination. Levels of organochlorine compounds and PAHs were found to be
below normal, and levels of metals/trace elements were found to be elevated at most sites,
compared to the historical record (NCCOS 2006).

3.4.1.2 Marine Waters

Within the GOM, marine waters occur in three regions: (1) the continental shelf west of
the Mississippi River (primarily the Western GOM Planning Area and the western half of the
Central GOM Planning Area), (2) the continental shelf east of the Mississippi River (the eastern
half of the Central GOM Planning Area and the Eastern GOM Planning Area), and (3) deep
water (>310 m). Figure 3.4.1-1 illustrates the marine water areas and the OCS Planning Areas
for the GOM.

3.4.1.2.1 Continental Shelf West of the Mississippi River. The water quality in this
area is highly influenced by input of sediment and nutrients from the Mississippi and
Atchafalaya Rivers (Murray 1997). The Mississippi-Atchafalaya River Basin drains about 41%
of the conterminous United States (see Mississippi Coastal Subregion FDA in Figure 3.2.1-4).
A turbid surface layer of suspended particles is associated with the freshwater plume from these
rivers. The river system supplies nitrate, phosphate, and silicate to the shelf. During summer
months, the low-salinity water from the Mississippi River spreads out over the shelf, resulting in
a stratified water column. While surface oxygen concentrations are at or near saturation,
hypoxia, defined as oxygen concentrations less than 2 milligrams per liter (mg/L), is observed in
bottom waters during the summer months in waters of the continental shelf west of the
Mississippi River.
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The Hypoxic Zone. Hypoxic, or low-oxygen, conditions occur on the continental shelf
in the northern part of the GOM in areas where the dissolved oxygen level is below 2 mg/L.
Hypoxia in the GOM is attributed to large nutrient influxes from the rivers draining the
continental United States and stratification of GOM waters from differences in temperature
and density (Mississippi River/GOM Watershed Nutrient Task Force 2009). The average size
of the hypoxic zone over the period of measurement (1985-2011) is 13,600 km? (5,300 mi2)
(LUMCON 2011). Over the 5-yr period between 2006 and 2010, the hypoxic zone had an
average size of 17,300 km2 (6,700 mi2), and in 2010, the hypoxic zone was measured to be
17,520 km? (6,765 mi2) (USEPA 2011?). The hypoxic zone increased from an average size of
8,300 km?2 (3,200 mi2) in the 1985—1992 period to more than 16,000 km? (6,200 mi2) in the
1993—1997 period (Rabalais et al. 2002), and it reached a record 22,000 km2 (8,500 mi2) in
2002. The size of the hypoxic zone is directly correlated with the flux of nitrogen from the
Mississippi River and river discharge (Scavia et al. 2003). Veil et al. (2005) evaluated the
loading of nutrients and other oxygen-demanding materials in produced water discharged from
offshore oil and gas platforms located in the hypoxic zone. Veil et al. (2005) found that the
nitrogen and phosphorus loading in produced water discharges were about 0.16% and 0.013%,
respectively, of the nutrient loading entering the GOM from the Mississippi and Atchafalaya
Rivers.

Pollutant Sources. Analysis of shelf sediments off the coast of Louisiana has found
trace organic pollutants including PAHS, herbicides such as Atrazine, chlorinated pesticides,
PCBs, and trace inorganic (metal) pollutants (Turner et al. 2003). The detection of
organochlorine pesticides and PAHSs in sediment cores collected in water depths of 10 to 100 m
(33 to 330 ft) off the southwest pass of the Mississippi River increased in sediments deposited
after the 1940s (Turner et al. 2003). The river was identified as the primary source of both
organochlorine and the pyrogenic PAHs, which are associated with the burning of fossil fuels;
however, higher concentrations of petrogenic PAHSs, associated with natural seeps and/or oil and
gas exploration, were found farther from the mouth of the river (Turner et al. 2003).

The offshore oil and gas industry operates hundreds of platforms throughout this portion
of the GOM. Many platforms have discharges of drilling wastes, produced water, and other
industrial wastewater streams that have adverse impacts on water quality. The USEPA regulates
the discharge of these wastes through an NPDES permit. Except in shallow waters, the effects of
these discharges are generally localized near individual points of discharge (Neff 2005).

3.4.1.2.2 Continental Shelf East of the Mississippi River. Water quality on the
continental shelf from the Mississippi River Delta to Tampa Bay is influenced by river
discharge, runoff from the coast, and eddies from the Loop Current. The Mississippi River
accounts for 72% of the total discharge onto the shelf (SUSIO 1975). The outflow of the
Mississippi River generally extends 75 km (45 mi) to the east of the river mouth (Barry A. Vittor
& Associates, Inc. 1985), except under extreme flow conditions. Mobile Bay and several smaller
rivers east of the Mississippi River including the Apalachicola and Suwannee Rivers also
contribute runoff to the area (Jochens et al. 2002). The Loop Current intrudes in irregular
intervals onto the shelf, and the water column can change from well mixed to highly stratified
very rapidly. Discharges from the Mississippi River can be easily entrained in the Loop Current.
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Hypoxia is rarely observed on the Mississippi-Alabama shelf, although near-hypoxic conditions
have been observed in the spring and summer during research cruises in 1987 through 1989
(Brooks and Giammona 1991) and 1998 through 2000 (Jochens et al. 2002).

The Mississippi-Alabama shelf sediments are strongly influenced by fine sediments
discharged from the Mississippi River. The shelf area is characterized by a bottom nepheloid
layer and surface lenses of suspended particulates that originate from river outflow. The West
Florida Shelf receives very little sediment input. The water clarity is higher toward Florida,
where the influence of the Mississippi River outflow is rarely observed.

Pollutant Sources. Analysis of water, sediments, and biota for hydrocarbons between
1974 and 1977 indicated that the Mississippi, Alabama, and Florida (MAFLA) area is pristine,
with some influence of anthropogenic and petrogenic hydrocarbons from river sources
(SUSIO 1977; Dames and Moore, Inc. 1979). Analysis of trace metal contamination for the nine
trace metals analyzed (barium, cadmium, chromium, copper, iron, lead, nickel, vanadium, and
zinc) also indicated no contamination sources (SUSIO 1977; Dames and Moore, Inc. 1979). A
study done between 1987 and 1989 indicated that high molecular-weight hydrocarbons can come
from natural petroleum seeps at the seafloor or recent biological production as well as input from
anthropogenic sources (Brooks and Giammona 1991). The primary source of petroleum
hydrocarbons and terrestrial plant material on the Mississippi-Alabama shelf is the Mississippi
River. Higher levels of hydrocarbons were observed in late spring, coinciding with increased
river influx. The sediments, however, are washed away later in the year, as evidenced by low
hydrocarbon values in winter months. Contamination from trace metals was not observed
(Brooks and Giammona 1991).

Several small rivers and the Loop Current are the primary influences on water quality on
the shelf from DeSoto Canyon to Tarpon Springs and from the coast to a 200-m (656-ft) water
depth (SAIC 1997). Because there is very little onshore development in this area, the waters and
surface sediments are uncontaminated. The Loop Current flushes the area with clear, low-
nutrient water (SAIC 1997).

Deep Water. Limited information is available on the deepwater environment of the
GOM. Water at depths greater than 1,400 m (4,600 ft) is generally relatively homogeneous with
respect to temperature, salinity, and oxygen (Nowlin 1972; Pequegnat 1983; Gallaway and
Kennicutt 1988). A dissolved-oxygen low appears to occur at water depths of between 250 and
750 m (820 and 2,460 ft), depending upon the location within the GOM (Nowlin 1972).
Pequegnat (1983) has pointed out the importance of the flushing time of the GOM.
Jochens et al. (2005) provided a summary of estimated flushing rates presented in the literature,
which range from 3 to 270 yr for different areas of the GOM. The waters of the western and
southwestern GOM are estimated to have longer flushing times than the rest of the GOM,;
however, flushing rates are uncertain and are not well understood in the deepwater zone
(Jochens et al. 2005). Investigations of historical oxygen data for the GOM and modeling of the
distribution indicate that oxygen levels in the deep GOM would suffer only localized impacts
from activities, but basin-wide decreases in oxygen would not occur (Jochens et al. 2005).
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Limited analyses of trace metals and hydrocarbons for sediments exist, and water column
measurements are primarily limited to salinity, temperature, and nutrients (Trefry 1981;
Gallaway and Kennicutt 1988; CSA 2006; Rowe and Kennicutt 2009). Between 2000 and 2002,
the MMS completed two studies to measure concentrations of organics, metals, and nutrients in
sediments in the deepwater zone (CSA 2006; Rowe and Kennicutt 2009). These studies helped
to create a baseline of information related to the ecological function of these sediments, the
extent of naturally occurring organics, and the impacts seen from OCS oil and gas activities.

Hydrocarbon (oil) seeps are extensive throughout the continental slope and naturally
contribute hydrocarbons to the sediments and water column (Sassen et al. 1993a). Remote
sensing techniques have identified approximately 350 natural seeps in the northern half of the
GOM (Kvenvolden and Cooper 2003). Estimates of the total volume of seeping oil in the
northern half of the GOM vary widely from 29,000 barrels per year (bbl/yr) (MacDonald 1998)
to 520,000 bbl/yr (Kvenvolden and Cooper 2003). When combined with estimates of oil seeping
into the southern portion of the GOM, the estimated volume of oil seeping into the GOM is
approximately 1.0 million bbl/yr (Kvenvolden and Cooper 2003). These estimates used satellite
data and an assumed slick thickness. At hydrocarbon seeps, pore water of three different origins
has been identified to leak out in addition to hydrocarbons: (1) seawater trapped during the
settling of sediments, (2) briny fluid that is associated with the dissolution of underlying salt
deposits, and (3) highly saline deep-seated formation waters (Fu and Aharon 1998;

Aharon et al. 2001). The first two fluids leak out in the vicinity of carbonate deposits, while
the third is rich in barium and is associated with barite deposits such as chimneys (Fu and
Aharon 1998).

3.4.1.3 Climate Change Effects

Water quality in the GOM is expected to be affected by climate change
(Ning et al. 2003). A thorough discussion of the impacts of climate change to the baseline
environment can be found in Section 3.3. Anticipated sea-level rise would cause salinity
increases in estuaries and lead to increases in coastal erosion (Nicholls et al. 2007). Changes in
precipitation in the large fluvial drainage areas that contribute to the GOM (see Figure 3.2.1-4)
are anticipated to change the quantity and timing of runoff that enters into the GOM. Significant
changes in runoff would impact salinity in the coastal waters of the GOM, change coastal water
circulation, and also impact the quantities of contaminants carried to the GOM, including
suspended solids, heavy metals, pesticides, oil and grease, and nutrients. Increased runoff
would likely deliver increased amounts of nutrients, increase the stratification between warmer
fresher and colder saltier water, and potentially lead to eutrophication of estuaries and increase
the potential for harmful algal blooms that can deplete oxygen levels (Justic et al. 1996;
Karl et al. 2009). Reductions of freshwater flows in rivers or prolonged drought periods
could increase the salinity in coastal ecosystems (Twilley et al. 2001). Ocean temperatures
in the upper 700 m (2,300 ft) increased by 0.10°C (0.18°F) between 1961 and 2003
(Bindoff et al. 2007). Future sea surface temperature increases are anticipated and would affect
chemical and microbial processes in coastal and marine environments. Rising temperatures are
anticipated to lead to increased thermal stratification, increased coral bleaching and moratlity,
and increased algal blooms, but other impacts are difficult to predict, due to the complexity of
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ecological processes (Nicholls et al. 2007). In addition, ocean pH values are anticipated to
decrease by up to 0.35 pH units over the 21st century, leading to ocean acidification
(IPCC 2007a).

3.4.1.4 Deepwater Horizon Event

On April 20, 2010, the Deepwater Horizon drilling platform collapsed leading to the
largest offshore oil spill in U.S. history, the Deepwater Horizon event (DWH event)
(OSAT 2010). Itis estimated that between April 22 and July 15, 2010, approximately
4.9 million barrels (with an uncertainty of plus or minus 10%) of oil leaked into the GOM from
the DWH event (Lubchenco et al. 2010; TFISG 2010). Analysis of event video footage led
scientists to conclude that the the majority of the volume of the release of the DWH event was
hydrocarbon gases, and oil was only 44% of the volume of the release (TFISG 2010). In
addition, approximately 7,000 m3 (1.84 million gal) of the chemical dispersants COREXIT 9500
and COREXIT 9527 were used on the DWH event (Oil Spill Commission 2011). Of the total
volume, approximately 2,900 m3 (771,000 gal) of chemical dispersants were applied directly to
the DWH wellhead at a depth of about 5,000 ft below the water surface, which was the first
application of dispersants at the source of a subsea spill (Kujawinski et al. 2011). An estimate of
the fate of the oil was released by the National Incident Command (NIC) in August 2010;
findings were as follows: 25% of the oil was estimated to be removed by burning, skimming,
and direct recovery from the wellhead; 25% was estimated to have evaporated or dissolved; 24%
was estimated to be dispersed; and 26% was estimated to remain as oil on or near the water
surface, onshore oil that remains or has been collected, and oil that is buried in sand and
sediments (Lubchenco et al. 2010). As of August 2010, oil that was reported to be dissolved or
was dispersed into the water column, and thus remaining in the environment, was estimated to be
between 2.9 and 3.2 million bbl by a group of academics organized by the Georgia Sea Grant
(Hopkinson 2010).

The principal impacting factors to GOM water quality from the DWH event were (1) the
release of oil, (2) the release of gas, and (3) the use of chemical dispersants. Impacts of the
DWH event on water quality have been monitored by various Federal and State agencies and by
the academic community. The December 17, 2010, report released by the Operational Science
Advisory Team of the Unified Area Command (OSAT) summarized water and sediment quality
data measuring concentrations of oil- and dispersant-related chemicals collected from the start of
the DWH event through October 23, 2010 (OSAT 2010). The OSAT is a group of Federal
scientists and stakeholders that was put together by the Unified Area Command to collect data to
inform cleanup operations, restoration activities, research, and the Natural Resources Damage
Assessment (NRDA) process (OSAT 2010). As of January 20, 2011, a total of 13,677 water
samples and 4,506 sediment samples had been taken to support the NRDA process
(NOAA 2011g). Shoreline Cleanup Assessment Team (SCAT) observations indicated that oiling
along barrier islands and coastal areas in Louisiana, Mississippi, Alabama, and Florida during
and after the DWH event persisted as of January 2011 (Geoplatform 2011a,b).

The oil that leaked during the DWH event is known as light sweet crude oil and has many
chemical constituents. To evaluate the impacts of the DWH event on the environment, the
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USEPA has set “benchmark” concentrations of 41 compounds found in the oil from the DWH
event for human health, aquatic health, and sediment (OSAT 2010). The compounds include

7 volatile organic compounds (VOCs), 16 parent PAHs, and 18 derivative compounds of the
PAHs (OSAT 2010). The composition of the oil from the DWH event varies with the state of
weathering of the oil; as the lighter-end components are removed from weathering processes,
only the heavier-end components remain (Core and Technical Working Groups 2010). Some of
the constituents released during the DWH event evaporated at the surface or rapidly dissolved
into the GOM waters before the oil reached the surface. Evidence from the DWH event
indicates that methane gas released from the well was rapidly broken down by bacterial action
with little oxygen drawdown (Camilli et al. 2010; Kessler et al. 2011). Other constituents
remained in the water column and bottom sediments for longer periods (OSAT 2010). In
addition, the chemical dispersant used during the spill has been tracked in the GOM by
measuring concentrations of 2-butoxyethanol, dipropylene glycol n-butyl ether (DPnB),
propylene glycol, and dioctylsulfosuccinate (DOSS) — its four major constituents — and
comparing those concentrations to water quality aquatic life benchmarks set by the USEPA
(OSAT 2010). Areas contacted by the event were identified by tracking certain constituents.
Other chemicals associated with the event include other surface washing agents, which are used
to lift oil off of shoreline surfaces and further prevent those surfaces from becoming sources of
pollution (NOAA 2011a).

Both short-term and long-term impacts from the DWH event on water quality in the
GOM are currently being assessed. The current understanding of the status of water quality in
coastal and marine areas as a result of the event will be discussed below.

3.4.1.4.1 Effects of Deepwater Horizon Event on Coastal Water Quality. As a result
of the DWH event, oil was present on the surface as well as dispersed and in suspension below
the surface in coastal areas (OSAT 2010). The NRDA process has collected a large amount of
data, and as of December 1, 2010, approximately 6,400 linear km (4,000 linear mi) of shoreline
had been assessed by NRDA teams for oil contamination (NOAA 2010a). Data from regional
SCAT teams indicates that oil contamination persisted on GOM shorelines as of December 2010
and January 2011. As of December 20, 2010, the Louisiana SCAT team observations indicated
tar balls and varying degrees of oiling were still present on the shoreline and barrier islands of
Louisiana. As of January 5, 2011, Mississippi, Alabama, and Florida SCAT team observations
indicated varying degrees of oiling were present on the barrier islands and shoreline in
Mississippi, Alabama, and western Florida (Geoplatform 2011a,b). As of January 20, 2011,
134 km (83 mi) of shoreline were classified as heavily or moderately oiled (NOAA 2011c).

OSAT reported that all water samples collected after August 3, 2010 (in waters deeper
than 10 ft), indicated that oil- and dispersant-related chemicals were below levels set by the
USEPA to be chronically toxic to humans and aquatic life. Within 3 km (2 mi) of the wellhead,
however, concentrations of oil-related chemicals in the deepwater sediments were still found to
be elevated above benchmark concentrations for aquatic life (OSAT 2010). The OSAT report
also identified some residual contamination remaining in shallow waters in the form of tar mats,
defined as “submerged sedimented oil,” located in the sub-tidal zone and reported that sampling
to date had not been adequate to define the extent of the tar mats. The OSAT (2010) report
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indicated the need to further define the tar mats and evaluate them as a potential source of
shoreline contamination through “re-oiling.”

OSAT (2010) defined nearshore waters as those within 5.6 km (3 nautical mi;
3.5 linear mi) of the coastline, which are also defined as “State” waters in most cases. Visible oil
was first found in nearshore waters on approximately May 15, 2010, in Louisiana and June 1,
2010, for Alabama, Mississippi, and Florida. Nearshore water and sediment quality were
sampled before oil reached the nearshore zone, starting in late April, to create a baseline/
reference dataset (OSAT 2010). Concentrations of oil-indicator and dispersant chemicals were
measured in samples to determine the presence or absence of impacts from the event. The
concentrations of those chemicals were then compared with the human health and ecological
health benchmarks set by the USEPA as indicators of health risks. Findings of indicator
concentrations of oil- and dispersant-related chemicals were also compared to the composition of
the oil from the DWH event to rule out samples that may have been contaminated by other
sources (e.g., oil leaks from boats). Samples that were found to be of indeterminate origin were
considered to be the oil from the DWH event. Results of the water and sediment quality
sampling are detailed in Table 3.4.1-1 and indicate that there were very few exceedances of the
benchmarks set by the USEPA. No exceedances of the human health benchmark for oil-related
chemicals or the aquatic life benchmark for dispersant-related chemicals were measured in
samples. Sampling after August 3, 2010, found traces of oil and dispersant remaining in the
nearshore zone, but all samples that exceeded water and/or sediment quality benchmarks were
not consistent with the oil from the DWH event (OSAT 2010).

3.4.1.4.2 Effects of Deepwater Horizon Event on the Continental Shelf. The
December 17, 2010, OSAT report summarized data collected measuring concentrations of oil-
and dispersant-related chemicals in water and sediment from the start of the event through
October 23, 2010. The OSAT (2010) report defined the offshore zone as those waters between
5.6 km (3 nautical mi) of the coastline (boundary of “State” waters) to the 200-m (656-ft)
bathymetric contour. Concentrations of oil- and dispersant-indicator chemicals were measured
in samples to determine the presence or absence of impacts from the event. The concentrations
of those chemicals were then compared with the human health and ecological health benchmarks
set by the USEPA as indicators of health risks. Findings of indicator concentrations of oil- and
dispersant-related chemicals were also compared to the composition of the oil from the DWH
event to rule out samples that may have been contaminated by other sources (e.g., oil leaks from
boats). Results of the water and sediment quality sampling are detailed in Table 3.4.1-1 and
indicate that there were very few exceedances of the benchmarks set by the USEPA. No
exceedances of the human health benchmark for oil-related chemicals or the aquatic life
benchmark for dispersant-related chemicals were measured in water samples, and no
exceedances of the aquatic life benchmark for oil-related chemicals were measured in sediment
samples. Sampling after August 3, 2010, found traces of oil and dispersant remaining in the
offshore zone, but no samples taken after this time had concentrations that exceeded water
quality benchmarks (OSAT 2010).
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3.4.1.4.3 Effects of Deepwater Horizon Event on Deep Water. The December 17,
2010, OSAT report summarized oil- and dispersant-related chemical concentrations in water
and sediment from the start of the DWH event through October 23, 2010. The OSAT (2010)
defined the deepwater zone as those waters beyond the 200-m (656-ft) bathymetric contour.
Concentrations of oil- and dispersant-indicator chemicals were measured in samples to determine
the presence or absence of impacts from the DWH event. The concentrations of those chemicals
were then compared with the human health and ecological health benchmarks set by the USEPA
as indicators of health risks. Findings of indicator concentrations of oil- and dispersant-related
chemicals were also compared to the composition of the oil from the DWH event to rule out
samples that may have been contaminated by other sources (e.g., oil leaks from boats). Results
of the water and sediment quality sampling (Table 3.4.1-1) indicate that there were very few
exceedances of the benchmarks set by the USEPA. No exceedances of the human health
benchmark for oil-related chemicals or the aquatic life benchmark for dispersant-related
chemicals were measured in samples. Sampling after August 3, 2010, found traces of oil and
dispersant remaining in the deepwater zone, and seven sediment samples taken within 3 km
(2 mi) of the wellhead exceeded the aquatic life sediment quality benchmark and were consistent
with the oil from the DWH event (OSAT 2010).

Camilli et al. (2010) conducted a subsurface hydrocarbon study two months after the
DWH event (depth 1,500 m [4,921 ft]) in the GOM. They found a continuous oil plume at a
depth of approximately 1,100 m (3,609 ft) that extended for 35 km (22 mi) from the DWH event
site. The plume consisted of monoaromatic hydrocarbons (benzene, toluene, ethylbenzene, and
xylene) at concentrations greater than 50 micrograms per liter. The plume persisted for months
at this depth with no substantial biodegradation. They also measured concentrations throughout
the water column and found similarly high concentrations of aromatic hydrocarbons in the upper
100 m (328 ft). Polycyclic aromatic hydrocarbons were found at very high concentrations
(reaching 189 micrograms per liter) by Diercks et al. (2010) after the DWH event at depths
between 1,000 and 1,400 m (3,281 and 4,593 ft) extending as far as 13 km (8 mi) from the
subsurface DWH event site.

Joye et al. (2011) estimated that the DWH event released 500,000 tons of hydrocarbon
gases at depth. They found high concentrations of dissolved hydrocarbon gases (methane,
ethane, propane, butane, and pentane) in a water layer between 1,000 and 1,300 m (3,281 and
4,265 ft) (Joye et al. 2011). These concentrations exceeded the background concentration of
hydrocarbon gases by up to 75,000 times. Results from a study by Yvon-Lewis et al. (2011)
showed that, beginning 53 days after the DWH event and for 7 days of continuous chemical
analysis at sea, there was a low flux of methane from the DWH event to the atmosphere. Based
on these methane measurements at the surface water and concurrent measurements at depth, they
concluded that the majority of methane from the DWH event remained dissolved in the deep
ocean waters (Yvon-Lewis et al. 2011). Valentine et al. (2010) reported that two months after
the DWH event, propane and ethane gases at depth were the major gases driving rapid
respiration by bacteria. They also found these gases at shallower depths but at concentrations
that were orders of magnitude lower (Valentine et al. 2010).

Methane release in the DWH event and biodegradation by deepwater methanotrophs
were studied by Kessler et al. (2011). They found that a deepwater bacterial bloom respired the
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TABLE 3.4.1-1 Summary of Results of Water and Sediment Quality Sampling from the Deepwater

Horizon Event as of October 23, 20102

Exceedances
Samples Consistent
Total Number of Exceeding with Oil from
Sample Type Samples Detects Benchmark? DWH Event
Nearshore Zone¢
Oil-Related Chemicals
Water quality sample compared to human health benchmark® 6,090 2,685 0 0
Water quality sample compared to aquatic life benchmark 5,773 395 41 22
Sediment quality sample compared to aquatic life benchmark 1,136 441 24 13
Dispersant-Related Chemicals
Water quality sample compared to aquatic life benchmark 5,262 60 0 0
Sediment quality sample 412 6 NAd NA
Offshore Zone®
Oil-Related Chemicals
Water quality sample compared to human health benchmark® 750 242 0 0
Water quality sample compared to aquatic life benchmark 481 283 6 6
Sediment quality sample compared to aquatic life benchmark 268 207 0 0
Dispersant-Related Chemicals
Water quality sample compared to aquatic life benchmark 440 199 0 0
Sediment quality sample 242 1 NA NA
Deepwater Zonef
Oil-Related Chemicals
Water quality sample compared to human health benchmark® 4,794 673 0 0
Water quality sample compared to aquatic life benchmark 3,612 821 70 63
Sediment quality sample compared to aquatic life benchmark 120 114 7 7
Dispersant-Related Chemicals
Water quality sample compared to aquatic life benchmark 4,114 353 0 0
Sediment quality sample 120 1 NA NA

& Data as presented in OSAT (2010).

b Values of the USEPA benchmarks are presented in the report by OSAT (2010).

¢ Nearshore zone is defined as coastal waters out to 5.6 km (3 nautical mi) from the shoreline (State waters).

4 NA = No sediment quality benchmarks were established for dispersant-related chemicals.

€ Offshore zone is defined as waters from 5.6 km (3 nautical mi) of the shoreline to a depth of 200 m (656 ft).

f Deepwater zone is defined as waters deeper than 200 m (656 ft).
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majority of the methane in approximately 120 days. Similarly, Hazen et al. (2010) found
indigenous bacteria at 17 deepwater stations biodegrading oil 2-3 months after the DWH event.
The fate of 771,000 gallons of chemical dispersants injected at the DWH wellhead near the
seafloor (1,500 m [4,921 ft]) was studied by Kujawinski et al. (2011). Their results show that the
dispersants injected at the wellhead were concentrated in hydrocarbon plumes at 1,000-1,200 m
(3,281-3,937 ft) depth 64 days after dispersant application was stopped and as far away as

300 km (186 mi). They concluded that the chemical dispersants at this depth underwent slow
rates of biodegradation (Kujawinski et al. 2011).

3.4.2 Alaska — Cook Inlet

The term water quality describes the overall condition of water, reflecting its particular
biological, chemical, and physical characteristics. It is an important measure for both ecological
and human health. Water quality is most often discussed in reference to a particular purpose or
use of the water, such as recreation, drinking, or ecosystem health. Alaska State and Federal
laws define the type of water quality that must be maintained for these purposes.

Alaska marine waters are a mixture of several sources — atmospheric (precipitation),
rivers, streams, groundwater, snowmelt, glacier-melt, ice-melt, and oceanic sources such as vents
on the deep seafloor. Constituents in marine waters come into the system naturally (biogenic)
and are introduced by humans (anthropogenic). Climate change is affecting the sources and
constituents of marine water as increasing carbon dioxide and increasing air temperatures force
changes in seawater acidification, seawater temperature, and related water quality variables.

Precipitation, snowmelt, glaciers, and groundwater springs feed the many lakes, streams,
ponds, and wetlands throughout Alaska. High tundra, muskeg, willow-alder habitats, and alpine
bedrock feed constituents into these freshwater systems. Rivers originating in headwaters
introduce and transport sediment into the drainage basins on a seasonal basis. Volcanic
eruptions have also played an important role in contributing chemical constituents to the
freshwater systems of Alaska.

In Alaska, there are several seasonal or occasional natural events that contribute to water
quality and to which natural systems are adapted. Examples of these events include
hydrocarbons from natural oil seeps, sediment from coastal erosion, sediment derived from
glacial-fed rivers, natural levels of nutrients from river flooding, and metals from volcanic
eruptions and rock erosion (AMAP 1997, 2002, 2007). Several metals, such as zinc and iron, in
natural low concentrations are essential for life processes in the marine environment
(Ezoe et al. 2004).

The Alaska OCS water quality to date has had relatively little exposure from the more
common land-based and marine anthropogenic pollution found in the Lower 48 States. The
rivers that flow into coastal marine waters remain relatively unpolluted by human activities.
Industrial and shipping impacts on water quality have been and are relatively low at this time,
with some notable exceptions of events such as the Exxon Valdez oil spill and the Selengdang
Ayu and other ship groundings or accidents.
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There are, however, several sources of anthropogenic contaminants in the Alaska marine
environment. They travel through pathways to the arctic marine ecosystem including deposition
from the atmosphere, discharges to the sea, drifting sea ice, or directly from accidental or
intentional dumping of pollutants. Water quality pollutants arrive in Alaska from sources both
within and outside the circumpolar environment. The types of pollutants that come from these
near and distant sources include oil-based hydrocarbons, manufactured chemicals, metals
(e.g., mercury, lead, cadmium), nutrients loads, high sediment loads (nonpoint runoff of
disturbed lands), organic waste (e.g., seafood processing), and radionuclides (from radioactive
materials).

Persistent organic pollutants (POPs) are a category of anthropogenic pollutants that are
particularly resistant to degradation in the environment. POPs have a potential for long-range
transport, and they accumulate in concentrations in aquatic species. Polyaromatic hydrocarbons
(PAHS), a byproduct of burning hydrocarbon fuel, and polychlorinated biphenyls (PCBs), used
in manufacturing products, are two persistent organic pollutants found in the Alaska
(AMAP 2004).

Many of these pollutants concentrate in animals and bioaccumulate as they move through
the food web. Contaminated animals can then transport the pollutant into or away from the
Arctic (AMAP 2004). Migratory whales, migratory seabirds, and salmon species are examples
of pollutant transporters through the marine aquatic system.

Human society sometimes discharges into the environment constituents that also occur
naturally in the ecosystem. These anthropogenic discharges, however, are different than the
biogenic sources because they occur in greater concentrations and often suddenly; the chemical
bondings are different than what is found in the natural system; the discharges occur outside the
area that they would naturally occur; or they occur out of phase of the natural cycle of the same
biogenic contributions to the system. Examples of anthropogenic constituents include sediment,
metals, and hydrocarbons.

The Cook Inlet Planning Area is located in south central Alaska and has a watershed of
approximately 100,000 km2 (38,600 m2) (Saupe et al. 2005). The continental shelf off of south
central Alaska supports a productive ecosystem that includes numerous species of fishes, marine
mammals, sea birds, and invertebrates. Degradations of water quality, where they occur, are
largely related to seasonal biological activity and naturally occurring processes. The Cook Inlet
watershed is home to two thirds of the population of the State of Alaska; therefore, runoff in the
watershed is influenced by human activity more than in any other region in Alaska
(Saupe et al. 2005). The principal point sources of anthropogenic contaminants in Cook Inlet are
discharges from municipalities, seafood processors, and the petroleum industry (MMS 1995).
Point source pollution is rapidly diluted by the energetic tidal currents in the Cook Inlet, and it is
estimated that 90% of the water in the Cook Inlet is flushed every 10 months (MMS 2003a). The
State of Alaska has identified several coastal impaired water bodies throughout the south central
coastal area that have total maximum daily load (TMDL) restrictions implemented or remain on
the Clean Water Act 303(d) list of impaired water bodies with TMDLs planned to be
implemented by 2013 (ADEC 2010a). The impaired areas are all relatively small and are mainly
affected by urban runoff, timber harvest, or seafood processing (ADEC 2010a). These small
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impaired areas would not have an appreciable effect on marine water quality. The coastal waters
of south central Alaska have recently been assessed to be in good condition by the USEPA
National Coastal Condition Report, and were deemed to be in better condition than any other
U.S. coastal waters assessed for the report (USEPA 2008).

Cook Inlet waters are influenced by riverine and marine inputs. During summer and fall,
surface salinity varies from 32% at the entrance to lower Cook Inlet to approximately 26% at the
West Forelands (Rosenberg et al. 1967; Kinney et al. 1970; Wright et al. 1973; Gatto 1976;
Muench et al. 1978). Oxygen levels measured in May 1968 in the surface waters of Cook Inlet
ranged from about 7.2 to 11.0 mL/L (Kinney et al. 1970). None of the waters in the inlet were
found to be oxygen depleted, because of the strong tidal currents in the inlet that mix the entire
water column (Kinney et al. 1970).

The distribution of suspended particulate matter in Cook Inlet shows horizontal gradients
in both the longitudinal and cross-inlet directions (Feely and Massoth 1982). The suspended
particulate matter concentrations are higher (up to 2,000 parts per million [ppm]) in the
northeastern end of upper Cook Inlet and decrease through the lower inlet (up to 100 ppm)
depending on inputs from rivers at the time of measurement (Kinney et al. 1970;

Wright et al. 1973; Sharma 1979; Feely and Massoth 1982; Saupe et al. 2005).

The activities associated with petroleum exploitation in State waters that are most likely
to affect water quality in the Cook Inlet are (1) the permitted discharges from exploration drilling
units and production platforms and (2) petrochemical plant operations. The USEPA compared
pollutant concentrations resulting from an estimated Cook Inlet discharge of cuttings generated
while drilling with synthetic-based fluid to both Federal criteria and State water quality
standards (because the projected discharges occur in State waters). There was no predicted
exceedance of the Federal criteria or State water quality standards in the Cook Inlet
(USEPA 2000). The National Research Council (NRC 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 the potential for water column and sediment contamination.

Sediment sampling for sediment quality was conducted in depositional areas in the outer
portion of Cook Inlet in 1997 and 1998 (Boehm et al. 2001a). Analysis of dated sediment cores
demonstrated that the concentration of hydrocarbons has not increased appreciably over the past
few decades (since before State offshore oil exploration and production in Cook Inlet). The
concentrations of total PAHs found by Boehm et al. (2001a) in the outer portion of Cook Inlet
range from less than 120 to 490 parts per billion (ppb). The highest concentrations tend to occur
in the southeast corner of Cook Inlet. These concentrations are the result of a combination of
eroded coal and oil sources, plus seep oil being deposited in sediments by the coastal current
entering Cook Inlet from the eastern Gulf of Alaska (Boehm et al. 2001a). The concentrations
downcurrent of Cook Inlet are actually diluted up to several-fold by Cook Inlet discharges. This
results in the highest concentrations of hydrocarbons existing in coastal sediments where the
influence of estuarine Cook Inlet discharges is smallest, particularly in eastern lower Cook Inlet
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(Boehm 2001). Water and sediment quality were also sampled in 2002 by the USEPA and the
Alaska Department of Environmental Conservation (ADEC) for the National Coastal
Assessment Program (Saupe et al. 2005). Total PAH concentrations in sediments of Cook Inlet
ranged from less than 10 ppb to 840 ppb, with the majority of samples having concentrations less
than 150 ppb (Saupe et al. 2005). No persistent organic contaminants, such as PCBs or
dichlorodiphenyltrichloroethanes (DDTs) were detected in sediments during sampling in 2002
(Saupe et al. 2005). Sampling for metals concentrations in sediment indicate that levels of most
metals are below a range to produce effects (as defined by the ADEC); however, concentrations
of nickel and chromium in sediments were found to exceed the threshold for effects at three
stations and one station, respectively, within the Cook Inlet (Saupe et al. 2005). Measurements
of sediment total organic carbon taken in 1971 were found to be low and suggestive of an
unpolluted environment (MMS 2003a).

Hydrocarbons are found throughout the waters of Cook Inlet in generally low
concentrations. Natural oil seeps occur on the west side of the Cook Inlet, which release
hydrocarbons from biogenic sources (Saupe et al. 2005). Concentrations generally are similar to
those found in other unpolluted coastal areas.

3.4.2.1 Climate Change Effects

Climate change is anticipated to impact water quality of the Cook Inlet. A thorough
discussion of the impacts of climate change to the baseline environment can be found in
Section 3.3. Anticipated sea-level rise would cause salinity increases in estuaries and lead to
increases in coastal erosion (Nicholls et al. 2007). Increases in precipitation are anticipated to
increase the quantity of runoff that enters into Cook Inlet (IPCC 2007a). Significant changes in
runoff would impact salinity in Cook Inlet, change water circulation and stratification in Cook
Inlet, and also impact the quantities of suspended solids and nutrients delivered to Cook Inlet
(ACIA 2005). In addition, anticipated thaw of permafrost would increase susceptibility to
erosion and landslides, which could lead to increased input of suspended solids to Cook Inlet
(ACIA 2005). Ocean temperatures in the upper 700 m (2,300 ft) increased by 0.10°C (0.18°F)
between 1961 and 2003 (Bindoff et al. 2007). Future sea surface temperature increases are
anticipated and would affect chemical and microbial processes in coastal and marine
environments (Nicholls et al. 2007). Coastal erosion is anticipated to increase due to climate
change (Alaska Regional Assessment Group 1999). In addition, ocean pH values are anticipated
to decrease by up to 0.35 pH units over the 21st century, leading to ocean acidification
(IPCC 2007a).

3.4.3 Alaska — Arctic
The term water quality describes the overall condition of water, reflecting its particular
biological, chemical, and physical characteristics. It is an important measure for both ecological

and human health. Water quality is most often discussed in reference to a particular purpose or
use of the water, such as recreation, drinking, or ecosystem health. Alaska State and Federal
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laws define the type of water quality that must be maintained for these purposes. General
characteristics of water quality in Alaskan waters are presented above in Section 3.4.2.

Because of limited municipal and industrial activity around the Arctic Ocean coast, most
pollutants occur at low levels in the Arctic. The rivers that flow into the Alaskan arctic marine
environment remain relatively unpolluted by human activities, but they carry into the marine
environment suspended sediment particles with trace metals and hydrocarbons. Winds and
drifting sea ice may play a role in the long-range redistribution of pollutants in the Arctic Ocean.
The broad arctic distribution of pollutants is described in a report by the Arctic Monitoring and
Assessment Program (AMAP 1997) entitled Arctic Pollution Issues: A State of the Arctic
Environmental Report.

The areas of the Arctic region in the proposed action are in the Beaufort and Chukchi Sea
Planning Areas (Figure 3.4.3-1). Under Alternatives 5 and 6, leasing activity would be deferred
in the Beaufort and Chukchi Sea, respectively. In both seas, the water quality is relatively
pristine. Degradation of water quality, where it occurs in the Arctic, is largely related to
localized anthropogenic pollution from, for example, mining facilities and former military
facilities (ADEC 2010a).

Water quality in the nearshore Arctic Ocean (landward of the 40-m [131-ft] water depth
line) may be slightly affected locally by both anthropogenic and natural sources. Most
detectable pollutants occur at very low levels in the arctic waters and/or sediments and do not
pose an ecological risk to marine organisms (MMS 2003a). The State of Alaska does not
identify any Clean Water Act Section 303(d) impaired water bodies within the Arctic region
(ADEC 2010a). However, some annual water quality monitoring (temperature and total
dissolved solids) is required for the Nearshore Beaufort Lagoons as a condition for oil and gas
operations. The Nearshore Beaufort Lagoons were on the Clean Water Act 303(d) list for
impaired water bodies between 1996 and 1998 for temperature and salinity, but mitigation
measures have brought water quality into compliance with Alaska standards since 2002
(ADEC 2010a).

The primary rivers that flow into the arctic marine environment remain relatively
unpolluted by human activities. They do, however, carry into the marine environment suspended
sediment particles with some trace metals, hydrocarbons, and other pollutants. Suspended
sediment concentrations are highest during the spring runoff, when rivers flow into the Arctic
under landfast ice (Alkire and Trefry 2006). Plumes of river water can extend to 20 km
(12.4 mi) under the ice, as mixing and wave action are low under the seasonal ice (Alkire and
Trefry 2006).

Suspended sediment concentrations in the Beaufort Sea under summer conditions are
usually low, but can be elevated by wind-wave activity in shallow waters closer to shore
(less than 10 m [33 ft] deep) (Boehm et al. 2001b). Suspended sediment concentrations in the
Beaufort Sea are estimated to be at background levels (Trefry et al. 2009). Water quality also is
affected by natural erosion of organic material along the shorelines. The Chukchi is a high-
energy shore once the ice is gone (MMS 2008b). Erosion and flooding occur with autumn and
spring storms and ice movement (MMS 2008b). The increased oxygen demand of these inputs
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may marginally lower oxygen levels and locally increase turbidity. These effects usually occur
in waters less than 5 m (16.4 ft) deep and do not generally extend seaward of the barrier islands.
Another cause of altered water quality is sea ice cover (MMS 2008b). As sea ice forms during
the fall, particulates are removed from the water column by ice crystals and are locked into the
ice cover. The result is very low turbidity levels during the winter.

Dissolved and particulate trace metal concentrations in sediments of the Beaufort
nearshore do not show evidence of significant impact from the nearby oil and gas activities in
Prudhoe Bay (Naidu et al. 2001, 2005; Trefry et al. 2009). However, elevated concentrations
of copper, lead, cadmium, silver, arsenic, antimony, nickel, mercury, and cobalt have been
measured at a monitoring station near the West Dock in Prudhoe Bay and are assumed to be
related to construction activity in the area (Boehm et al. 2001b). Results of monitoring activities
around the Northstar site and the original proposed Liberty site also indicate that hydrocarbon
and metals concentrations in sediments are not significantly influenced by anthropogenic input
(Brown 2003). Trace-metal concentrations in the Chukchi are elevated compared to those in the
eastern portions of the Arctic Ocean. The higher concentrations are thought to come from
Bering Sea water that passes first through the Chukchi Sea and then through the Beaufort Sea
(MMS 2008b). These waters, however, are considerably lower in trace-metal concentrations
than the USEPA criteria for the protection of marine life (MMS 2008b). One potential source of
anthropogenic input of trace metals is the Red Dog Mine. A study for the National Park Service
(Hasselbach et al. 2005) showed extensive airborne transport of cadmium and lead; although the
study was focused only on the Cape Krusenstern National Monument, these contaminants are
probably carried out into the Chukchi Sea (Hasselbach et al. 2005).

Background hydrocarbon concentrations in Beaufort Sea waters appear to be biogenic
and on the order of less than 1 ppb (Trefry et al. 2004). No seafloor oil seeps have been
identified in the Beaufort or Chukchi Sea (Becker and Manen 1988). However, naturally
occurring oil seeps have been identified onshore above the low-tide line along the coast of the
Beaufort Sea (Becker and Manen 1988). Recent studies of sediments in Beaufort Lagoon,
located in the eastern portion of the Alaskan arctic coast, have indicated that no anthropogenic
hydrocarbon or metals contamination exists (Naidu et al. 2005). These sediment data will serve
as a baseline against which to evaluate impacts to nearshore sediments from anthropogenic
activities (Naidu et al. 2005). Hydrocarbon concentrations in sediments of the Beaufort Sea are
relatively high compared with other undeveloped marine areas (Steinhauer and Boehm 1992).
Total hydrocarbon concentrations in sediments range from 2 to 85 milligrams per kilogram
(mg/kg) (Steinhauer and Boehm 1992; Naidu et al. 2001; Brown 2003). PAH concentrations in
the sediments range from 0.3 to 2 mg/kg, which are well below levels that have detrimental
effects on the environment (Brown 2003). Examination of sediment cores gives little indication
that oil and gas activities in the area have measurably contaminated the sediments (Brown 2003),
and molecular markers do not indicate input from oil and gas industrial activities
(Naidu et al. 2001). However, concentrations of hydrocarbons at a sampling site near West Dock
in Prudhoe Bay show signs of elevated hydrocarbons when compared to the other sampling
stations (Boehm et al. 2001b). Considering the limited sources of anthropogenic input to the
area, concentrations of hydrocarbons in the Chukchi Sea are expected to be at background levels.
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3.4.3.1 Climate Change Effects

Climate change is anticipated to impact water quality of the Beaufort and Chukchi Seas.
A thorough discussion of the impacts of climate change to the baseline environment can be
found in Section 3.3. Anticipated sea-level rise would cause salinity increases in estuaries and
lead to increases in coastal erosion (Nicholls et al. 2007). Increases in precipitation are
anticipated to increase the quantity of runoff that enters arctic waters (IPCC 2007a). Significant
changes in runoff would impact salinity and also impact the quantities of suspended solids and
nutrients delivered to the Beaufort and Chukchi Seas (ACIA 2005). In addition, anticipated
thaw of permafrost would increase the susceptibility to erosion and landslides, which could
lead to increased input of suspended solids to arctic waters (ACIA 2005). Ocean temperatures
in the upper 700 m (2,300 ft) increased by 0.10°C (0.18°F) between 1961 and 2003
(Bindoff et al. 2007). Future sea surface temperature increases are anticipated and would affect
chemical and microbial processes in coastal and marine environments (Nichols et al. 2007).
Coastal erosion is anticipated to increase due to climate change, due to permafrost thaw (Alaska
Regional Assessment Group 1999). Retreat of sea ice would increase impacts to coastal areas
from storms, change the sea surface temperature and salinity, and alter ocean stratification
(ACIA 2005). In addition, ocean pH values are anticipated to decrease by up to 0.35 pH units
over the 21st century, leading to ocean acidification (IPCC 2007a).

3.5 METEROLOGY AND AIR QUALITY

3.5.1 Climate

3.5.1.1 Gulf of Mexico

Most of the southern States, including the coastal areas along the GOM, have humid
subtropical climates characterized by hot summers and mild winters, with high humidity in all
seasons. These climates are classified as Cfa under the Képpen-Geiger climate classification
system (Peel et al. 2007). The GOM is influenced by a maritime subtropical climate controlled
mainly by the clockwise wind circulation around a semipermanent, high barometric pressure area
alternating between the Azores and Bermuda Islands. The circulation around the western edge
of the high pressure cell results in the predominance of moist southeasterly wind flow in the
region. However, winter weather is quite variable. During the winter months, December
through March, cold fronts associated with outbreaks of cold, dry continental air masses
influence mainly the northern coastal areas of the GOM. Tropical cyclones may develop or
migrate into the GOM during the warmer season, especially in the months of August through
October. In coastal areas, the land-sea breeze is frequently the primary circulation feature in the
months of May through October. Note that the following discussion is limited to the Western
and Central Planning Areas and westernmost part of the Eastern Planning Area. Meteorological
data summaries are based on two primary references: (1) local climatological data (NCDC 1995,
2011a) for coastal cities along the GOM and (2) meteorological data collected from the shoreline
stations and buoy stations over open waters of the GOM (NDBC 2011).
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For the coastal areas along the GOM, prevailing wind directions are generally from the
southeast and the south, except for the coastal areas stretching from Alabama to the Florida
Panhandle, where the prevailing wind is from the north (NCDC 1995, 2011a). Along the
southern tip of Texas, southerly and southeasterly winds prevail throughout the year. Along the
eastern coastal area (e.g., Pensacola, Florida), these wind components are limited to spring and
early summer, and more northerly winds prevail during the rest of the year. Based on the
National Data Buoy Center (NDBC) data in the Western and Central Planning Areas,
southeasterly winds prevail (NDBC 2011). However, easterly winds are more frequent in the
Eastern Planning Area. Near the coastal area in Alabama and the Florida Panhandle, the
prevailing wind direction is from the north, the same as that for coastal cities (NCDC 2011a).
Average wind speeds from the shoreline and buoy stations are relatively uniform, ranging from
5.2 t0 6.4 m/s (11.6 to 14.3 mph), although anemometer heights vary from 5.0 to 30.5 m (16.4 to
100.1 ft). In general, wind speeds are highest in the winter months and lowest in the summer
months, except for the shoreline stations in Texas where they are highest in May.

Ambient temperatures in the coastal areas and open waters of the GOM depend primarily
on latitude and secondarily on proximity to the coastline. In the warmest month in the summer,
average temperatures in the GOM coastal cities are relatively uniform, ranging from about 28 to
29 degrees Celsius (°C) (82 to 85 degrees Fahrenheit [°F]) (NCDC 1995, 2011a). During the
warm months, there is little diurnal or spatial variation in temperature. Average temperatures for
the coldest month in winter range from about 11°C (51°F) in the northern coastal cities to about
16°C (61°F) in the southernmost city in Texas. Ambient temperatures over the open GOM
exhibit much smaller daily and seasonal variations due to the moderating effects of large bodies
of water. Annual average temperatures range from 20°C (69°F) at the shoreline stations to 25°C
(77°F) at open water buoy stations (NDBC 2011). Irrespective of the locations of NDBC
stations, highest monthly temperatures, which occur mostly in August, are relatively uniform,
ranging from about 28 to 29°C (82 to 84°F), which are similar to those in the coastal cities
(NCDC 1995, 2011a). The lowest monthly temperatures occur mostly in January and vary
depending on the location, ranging from 11°C (52°F) at the shoreline stations to 21°C (71°F) at
open water buoy stations.

Humid subtropical climates exhibit abundant and fairly well-distributed precipitation
throughout the year. Precipitation in the coastal cities along the GOM tends to peak in the
summer months; lowest precipitation can occur in any of non-summer seasons. Annual mean
precipitation tends to be heavier to the east than to the west of the GOM (NCDC 1995, 2011a).
Annual precipitation ranges from 70.0 cm (27.55 in.) in Brownsville, Texas, to 168.4 cm
(66.29 in.) in Mobile, Alabama. Rainfall in the warmer months is usually associated with
convective cloud systems that produce showers and thunderstorms. Winter rains are associated
with the passage of frontal systems through the area. Snowfall along the GOM is uncommon:
highest annual snowfall along the coastal cities is about 1.0 cm (0.4 in.) (NCDC 1995, 2011a).

Due to the proximity of the GOM, the relative humidity over the coastal areas is high,
especially for the northern coastal areas during the warmer months. Lower humidities in the
winter season are associated with outbreaks of cool, dry continental air from the interior. Annual
average relative humidities range from 75 to 79% for the coastal cities along the GOM
(NCDC 1995, 2011a). Typically, the highest relative humidity occurs during the coolest part of
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the day (around sunrise), while the lowest relative humidity occurs during the warmest part of
the afternoon.

Fog occurs occasionally in the cooler season as a result of warm, moist GOM air blowing
over cool land or water surfaces. The number of days with heavy fog (visibility of 0.4 km
[0.25 mi] or less) occur from 21 to 47 days per year along the GOM coastal cities (NCDC 1995,
2011a). The poorest visibility conditions occur from November through April. During air
stagnation, industrial pollution and agricultural burning can also impact visibility.

Atmospheric stability plays an important role in dispersing gases or particulates emitted
into the atmosphere. Vertical motion and pollution dispersion are enhanced in an unstable
atmosphere and are suppressed in a stable atmosphere. Over land, the atmospheric stability is
more variable, depending on the time of day, cloud cover, and wind speed. Under calm to low
winds, the atmosphere tends to be unstable during the daytime due to surface heating by solar
insolation and stable at night due to radiative cooling. Under higher wind speeds and/or greater
cloud cover, the atmosphere tends to be neutral irrespective of time of day. For coastal areas
along the GOM, unstable conditions occur about 20% of the time, while neutral and stable
conditions each occur about 40% of the time (Doty et al. 1976). Different from overland
behavior, there is no large sensible heat flux driven by solar radiation over water. In addition,
heating and cooling of the water surface takes place slowly due to its high heat capacity. In
general, the atmosphere over water tends to be neutral to slightly unstable, since there are usually
positive heat and moisture fluxes.

The mixing height is the height above the surface through which relatively vigorous
vertical mixing occurs, primarily through the action of atmospheric turbulence. When the mixing
height is low (i.e., very little vertical motion), ground-level concentrations of pollutants will be
relatively high because the pollutants are prevented from dispersing upward. Mixing heights
commonly go through large diurnal variations due to solar heating and surface cooling. Mixing
heights are generally lowest around sunrise and highest during mid- to late afternoon. By
season, mixing heights are typically the highest in summer and the lowest in winter. Near large
water bodies (e.g., the GOM), diurnal and seasonal variations in mixing heights are relatively small
compared with those at inland stations due to the moderating effects of the water. For coastal areas
along the GOM, the mean annual morning mixing heights range from 500 to 900 m (1,640 to
2,950 ft), while the mean afternoon mixing heights range from 1,000 to 1,400 m (3,280 to 4,590 ft)
(Holzworth 1972). Over water, the absence of a strong sensible heat flux to drive the marine
mixed layer and the small surface roughness of sea results in relatively low mixing heights.
LeMone (1978) indicated that typical marine mixing height is about 500 m (1640 ft) over low-
latitude oceans.

In the GOM region, severe weather events such as thunderstorms, lightning, floods,
tornadoes, and tropical cyclones are common. Thunderstorms occur from 26 days per year in
Brownsville, Texas, to 80 days per year in Mobile, Alabama (NCDC 1995, 2011a).
Thunderstorms occur most frequently in summer months and are least frequent in winter months.
The number of lightning strikes per km2-yr is as low as one at the southern tip of Texas and as
high as 14 (NOAA 2011b). During the 1980-1999 period, tornadoes occurred from about
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0.2 days per year? at the southern tip of Texas up to 1.2 days per year in the southeastern Texas,
Louisiana, and Mississippi along the GOM (NSSL 2003). While tornadoes and floods are the
primary weather hazards in the southern States, the GOM coastal zone is most vulnerable to
hurricanes and their accompanying impacts such as storm surges.

Tropical cyclones affecting the GOM originate over the tropical portions of the Atlantic
basin, including the Atlantic Ocean, the Caribbean Sea, and the GOM. Tropical cyclones occur
as early as May and as late as December, but most frequently from mid-August to late October
(NHC 2011a). On average, about 11 tropical cyclones occur in the Atlantic Basin, many of
which remain over the ocean and never impact the U.S. coastlines. About six of these storms
become hurricanes each year (NHC 2011b). Coastal counties adjacent to the Western and
Central Planning Areas could expect return periods, ranging from 3.6 to 7.0 yr, for hurricanes
passing within 139 km (86 mi) of a given location (NHC 2011a). Figure 3.5.1-1 shows
landfalling hurricanes in the continental U.S. for the period 1994-2009. Tropical cyclones cause
damage to physical, economic, biological, and social systems in the GOM, but the severest
effects tend to be highly localized. The GOM is also periodically affected by wintertime
extratropical cyclones generated when continental, cold air outbreaks interact with the warm
GOM waters. These storms can produce gale force winds and high seas, and are hazardous to
shipping due to their sudden onset and rapid formation. For a discussion of the effects of tropical
cyclones and severe storms on OCS oil operations in the GOM, see previous EISs prepared for
OCS oil and gas activities in the GOM (MMS 2007a, 2008a).

3.5.1.2 Alaska — Cook Inlet

Climate in Alaska depends primarily on three factors: latitude, continentality, and
elevation (ACRC 2011). The climate of the southern coastal Alaska including the Cook Inlet
Planning Area is marine, characterized by short and cool summers and mild winters. The
climate is moderated due to marine influences; however, the upper reaches of the Cook Inlet see
more continental effects. Although the Cook Inlet Planning Area is relatively small compared to
the other two planning areas, weather patterns significantly vary over a relatively short distance
due to nearby complex terrains. The following discussion for wind, ambient temperature, and
precipitation is based on data from primarily two National Weather Service (NWS) first-order
stations: Homer, which is located on the southwest side of the Kenai Peninsula, and Kodiak,
which is located on the east side of Kodiak Island. Homer and Kodiak are located in the upper
and lower portions of the Cook Inlet Planning Area, which represent a wide spectrum of
variations in climate around the area.

Winds are strongly influenced by local topography and mostly blow parallel to nearby
mountain ranges. In Cook Inlet, the general prevailing wind direction is from the northeast.
However, wind direction and speed at any location in Cook Inlet vary greatly depending on the
orientation and elevation of and proximity to nearby mountain ranges/valleys and the openness
to the Gulf of Alaska. At Homer, the prevailing wind direction is from the northeast during
September through March, while winds blow more frequently from the west during April

2 The mean number of days with one or more events occurring within 40 km (25 mi) of a point.
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through August (NCDC 2011b). The average wind speed at Homer is about 3.3 m/s (7.3 mph),
with a slightly higher value in spring and a slightly lower value in summer. At Kodiak, the
prevailing wind direction is from the northwest throughout the year, except in June and July
when east-northeast winds blow more frequently (NCDC 2011b). The average wind speed at
Kodiak is about 5.0 m/s (11.1 mph), with the highest reading in winter and the lowest in summer.
At the NDBC buoy and coastal stations scattered within the Cook Inlet Planning Area, prevailing
wind directions vary clockwise from the west to the northeast (NDBC 2011). Average wind
speeds from NDBC stations range from 4.4 to 7.4 m/s (9.9 to 19.6 mph), with the highest reading
in winter and the lowest in summer.

During the normal period (1970-2000), the average temperature at Homer was about
3.4°C (38.1°F) (NCDC 2011b). January was the coldest month, with a mean daily minimum
of -8.1°C (17.5°F); August was the warmest month, with a mean daily maximum of 16.1°C
(61.0°F). In summer, maximum temperatures go over 21.1°C (70°F) about 2 days per year,
while about 178 and 10 days have minimum temperatures at or below freezing and at —17.8°C
(0°F) or below, respectively (NCDC 2011b). The highest temperature, 27.2°C (81°F), was
reached in July 1993, and the lowest, —31.1°C (-24°F), in January 1989. For the same period,
the average temperature at Kodiak was about 4.7°C (40.5°F), with the lowest mean daily
minimum of —4.3°C (24.3°F) in February and the highest mean daily maximum of 16.3°C
(61.4°F) in August (NCDC 2011b). About 8 days annually exceed 21.1°C (70°F), while about
131 days and 1 day have minimum temperatures at or below freezing and at —17.8°C (0°F) or
below, respectively. Extreme temperatures at Kodiak range from —26.7°C (-16°F) to 30.0°C
(86°F). Temperature patterns from NDBC stations are similar to those at Homer and Kodiak,
except for a little higher annual average temperature range of about 0.5°C (0.9°F) at NDBC
stations (NDBC 2011).

The amount of precipitation depends strongly on the surrounding topographic features.
During the normal period (1970-2000), annual precipitation at Homer averaged about 64.6 cm
(25.45in.) (NCDC 2011b). An annual average of 148 days have measurable precipitation
(0.025 cm [0.01 in.] or higher). Precipitation is recorded throughout the year but is the highest in
fall, followed by winter, and lowest in spring. Snow starts as early as October and continues as
late as May. Most of the snow falls from November through March. The annual average
snowfall at Homer is about 158.2 cm (62.3 in.). For the same period, annual precipitation at
Kodiak averages about 191.4 cm (75.35 in.), and an annual average of 201 days have measurable
precipitation (NCDC 2011b). By season, precipitation is the highest in fall, followed by winter,
and lowest total in summer. Snow starts as early as October and continues as late as May. Most
of the snow falls from November through April. The annual average snowfall at Kodiak is about
181.6 cm (71.5in.).

Severe weather events, such as floods, hail, high winds, and winter events (such as heavy
snow, ice storms, winter storms, blizzards), have been reported in the area surrounding Cook
Inlet (NCDC 2011c). A normal storm track along the Aleutian chain, the Alaska Peninsula,
and all of the coastal area of the Gulf of Alaska exposes these parts of the State to a large
majority of the storms crossing the North Pacific, resulting in a variety of wind-related issues
(NCDC 2011d). Wind velocities exceeding 45 m/s (100 mph) are not common but do occur,
usually associated with mountainous terrain and narrow passes. In 2006, Kodiak experienced a
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wind gust estimated at 59 m/s (131 mph) that caused minor property damage. Intense coastal
winds occur as a result of atmospheric pressure differentials between interior Alaska and the
Gulf of Alaska. Higher interior atmospheric pressure also promotes periodic, local offshore
winds that are orographically funneled, attaining velocities up to 42 m/s (93 mph) and extending
up to 30 km (19 mi) offshore (Lackmann 1988).

Atmospheric stability provides a measure of the amount of vertical mixing and dispersion
of air pollutants. Along the Gulf of Alaska, atmospheric stability is predominantly neutral. This
is due to the frequent occurrence of relatively high wind speeds and cloud cover. Stable
conditions are found about 15-25% of the time, while unstable conditions occur less than 10% of
the time. Neutral conditions prevail for the rest of the time. The stable conditions are associated
with clear, calm conditions at night. Over open water in the wintertime, unstable conditions are
expected to be more frequent. More stable conditions are expected over water in the summer
season because of the relatively colder temperature of the sea surface in relation to the ambient
air.

3.5.1.3 Alaska — Arctic

As discussed above, climate in Alaska depends primarily on three factors: latitude,
continentality, and elevation (ACRC 2011). The climate of the land mass bordering the Beaufort
and Chukchi Seas is classified as tundra, characterized by a lack of warm summers (average
temperature for the warmest month is less than 10°C (50°F) but above freezing (>0°C [32°F]),
and scant (or trace) precipitation.

3.5.1.3.1 Winds. In general, wind patterns at the coastal stations along the Beaufort and
Chukchi Sea Planning Areas are characterized by (1) relatively high average wind speeds, about
5.4 m/s (12.0 mph) at stations in the Beaufort Sea, ranging from 4.7 m/s (10.5 mph) at Point Lay
to 6.5 m/s (14.6 mph) at Point Hope in the Chukchi Sea; (2) frequent extreme winds; and
(3) higher easterly wind components (NCDC 2011e).

The eastern Beaufort Sea coastal winds are strongly influenced by channeling due to the
Brooks Range to the south. In the eastern Beaufort Sea around Barter Island, westerly and west-
northwesterly winds become more frequent in the winter months, with prevailing easterly and
east-southeasterly winds in other months (NCDC 2011e). These bimodal wind direction patterns
are also observed in central Beaufort Sea around Prudhoe Bay, but prevailing and secondary
wind directions are shifted to east-northeast and west-southwest, respectively.

Along the coast of the Chukchi Sea from Barrow to Cape Lisburne, surface winds
commonly blow from the east-northeast and the east (NCDC 2011e). At these stations,
northeasterly to east-southeasterly wind components prevail almost every month without any
comparable westerly components. However, the prevailing wind direction at Point Hope
(the westernmost coastal station of the Chukchi Sea) is from the north, but winds there blow
from the southeast and south-southeast a considerable amount of the time. At this station,
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south-southeasterly winds prevail in June and July, while north-northwesterly to northeasterly
winds prevail in all other months.

During the winter, northerly winds prevail in the Chukchi Sea, with directions ranging
from northwest in the western part of the sea to northeast in the eastern part (Proshutinsky et al.
1999). During the summer, the Chukchi Sea exhibits a more complicated wind regime, with
alternating northerly and southerly winds.

3.5.1.3.2 Ambient Temperature. Along the Beaufort Sea, the average temperature
ranges from —12.3°C (9.8°F) at Barter Island to —11.2°C (11.8°F) at Kuparuk (WRCC 2011).
February is the coldest month, with a mean monthly minimum temperature ranging from
—31.2°C (-24.2°F) to —32.4°C (-26.3°F); July is the warmest month, with a mean monthly
maximum ranging from 7.4°C (45.4°F) to 13.3°C (55.9°F). In summer, maximum temperatures
seldom go over 21.1°C (70°F). Daily maxima above freezing have been recorded only one-third
of the days. Freezing temperatures have been observed every month of the year (about
287-310 days per year); more than half of the days (about 163-167 days per year) have
minimum temperatures of —17.8°C (0°F) or below (WRCC 2011). The highest temperature,
28.3°F (83°F), was reached at Kuparuk and Prudhoe Bay, and the lowest, —52.2°C (-62°F), at
Prudhoe Bay.

Along the Chukchi Sea, the average temperature ranges from —12.0°C (10.4°F) at Barrow
to —8.1°C (17.5°F) at Cape Lisburne (WRCC 2011). February is the coldest month, with a mean
monthly minimum temperature ranging from —25.7°C (-14.3°F) to —34.7°C (-30.5°F), and July
is the warmest month, with a mean monthly maximum ranging from 7.6°C (45.7°F) to 10.9°C
(51.6°F). Freezing temperatures have been observed every month of the year (about
264-316 days per year); about half of the days (about 125-165 days per year) have minimum
temperatures of —17.8°C (0°F) or below (WRCC 2011). Both the highest temperature of 26.7°F
(80°F) and the lowest of —48.9°C (—56°F) were recorded at Wainwright.

3.5.1.3.3 Precipitation. Precipitation on the tundra is generally meager; thus the tundra
is desert-like in terms of precipitation. Along the Beaufort Sea, the average annual precipitation
ranges from 10.1 cm (3.97 in.) at Kuparuk to 15.7 cm (6.19 in.) at Barter Island (WRCC 2011).
Annual average measurable precipitation (0.025 cm [0.01 in.] or higher) ranges from 62 days at
Kuparuk to 87 days at Barter Island. Precipitation is recorded throughout the year, mostly as
rainfall, with the lowest amounts in spring and the highest in late summer. Snow falls every
month of the year but approximately half falls in fall months. The annual average snowfall
ranges from 82.0 cm (32.3 in.) at Kuparuk to 106.2 cm (41.8 in.) at Barter Island (WRCC 2011).

Along the Chukchi Sea, the average annual precipitation ranges from 11.7 cm (4.62 in.)
at Barrow to 28.8 cm (11.34 in.) at Cape Lisburne (WRCC 2011). The annual average
measurable precipitation ranges from 66 days at Point Lay to 112 days at Cape Lisburne. The
annual average snowfall ranges from 43.2 cm (17.0 in.) at Point Lay to 105.2 cm (41.4 in.) at
Cape Lisburne (WRCC 2011).
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3.5.1.3.4 Severe Weather. Storms (wind velocities of greater than 15 m/s [34 mph]) are
observed more often in winter than in summer. In the Chukchi Sea, 6-10 storm days occur per
month. The duration of storms ranges from 6 to 24 hours in 70-90% of cases, but stormy
weather can last 8-14 days (Proshutinsky et al. 1999).

On October 3, 1963, an intense storm that hit Barrow with little warning and caused
more damage than any other storm in Barrow’s historical records is described in detail by
Brunner et al. (2004). Wind gusts as high as 34-36 m/s (75-80 mph) may have been reached,
and the highest official observation of sustained winds was 25 m/s (55 mph). The resulting
storm surge (or rise in sea level) reached 3.0 m (10 ft), and may have been as high as 3.7 m
(12 ft). The storm surge and wave action caused extensive flooding in coastal areas, and more
than 150,000 m3 (200,000 yd3) of sediment transport caused bluffs in the Barrow area to retreat
as much as 3.0 m (10 ft) (Brunner et al. 2004). Since this episode, at least 30 storms have
produced severe winds at Barrow and along the Chukchi Sea coast. Lynch et al. (2001)
document high-wind events at Barrow for the period 1960—-2000 and concluded that high-wind
events are common in fall and winter, but rare in summer. It remains uncertain whether the more
frequent storms and the summer storms seen in the past few years are part of a new pattern.

Since 2001, severe weather events, such as floods, storm surges, hail, high winds, winter
events (such as heavy snow, winter storms, extreme windchills, blizzards), have been reported in
the coastal areas surrounding the Beaufort and Chukchi Seas (NCDC 2011c). In 2005, Cape
Lisburne, (nearly the westernmost point of the Chukchi Sea Planning Area) experienced a wind
gust estimated at 40 m/s (89 mph) that caused no property damage.

3.5.1.3.5 Atmospheric Stability. Atmospheric stability provides a measure of the
amount of vertical mixing and dispersion of air pollutants. Along the Arctic Ocean, the
atmosphere is predominantly neutral, due to the frequent occurrence of high wind speeds and
cloud cover. Stable conditions are found about 15-25% of the time, while unstable conditions
occur less than 10% of the time. Netural conditions prevail for the rest of the time. Stable
conditions are usually associated with clear, calm conditions at night. The presence of sea ice
tends to result in more stable conditions, but also greater winds speeds, which could lead to a
neutral atmosphere. Stable conditions also tend to be favored in the summertime due to the
relatively colder temperatures of the sea surface in relation to the ambient air.

3.5.2 Air Quality

3.5.2.1 Gulf of Mexico

Under the Clean Air Act (CAA), which was last amended in 1990, the USEPA has set
National Ambient Air Quality Standards (NAAQS) for pollutants considered harmful to public
health and the environment (USEPA 2011a). NAAQS have been established for six criteria
pollutants — carbon monoxide (CO), lead (Pb), nitrogen dioxide (NO>), particulate matter (PM;
PM1o, PM with an aerodynamic diameter of 10 um or less; and PM> 5, PM with an aerodynamic
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diameter of 2.5 um or less), ozone (O3), and sulfur dioxide (SO2), as shown in Table 3.5.2-1.
The CAA established two types of NAAQS: primary standards to protect public health including
sensitive populations (e.g., asthmatics, children, and the elderly) and secondary standards to
protect public welfare, including protection against degraded visibility and damage to animals,
crops, vegetation, and buildings. Any individual State can have its own State Ambient Air
Quality Standards (SAAQS) but SAAQS must be at least as stringent as the NAAQS. If a State
has no standard corresponding to one of the NAAQS or the SAAQS is not as stringent as the
NAAQS, then the NAAQS apply. Currently, all GOM States except Florida have adopted
NAAQS. The State of Florida has ambient standards for 24-hour and annual average SO, that
are more stringent than the NAAQS.

Areas considered to have air quality as good as or better than NAAQS are designated
by the USEPA as attainment areas. Areas where air quality does not meet the NAAQS are
designated by the USEPA as nonattainment areas. Nonattainment areas where air quality has
improved to meet the NAAQS are redesignated as maintenance area and are subject to an air
quality maintenance plan. The CAA requires each State to develop and regularly update a State
Implementation Plan (SIP) to demonstrate how it will attain and maintain the NAAQS. SIPs
include the regulations, programs, and schedules that a State will impose on sources and must
demonstrate to the USEPA that the NAAQS will be attained and maintained.

In general, ambient air quality on coastal counties along the GOM is relatively good.
Currently, all of the coastal counties along the GOM are in attainment for all criteria pollutants
except 8-hour ozone (USEPA 2011b). For 8-hour ozone, all coastal counties in Mississippi,
Alabama, and Florida are classified as in attainment, but a number of counties in Texas and
Louisiana are designated as nonattainment or maintenance areas. Eight counties in the Houston-
Galveston-Brazoria designated area in southeast Texas are classified as severe (maximum
attainment date no later than June 2019) nonattainment areas, while three counties in the
Beaumont/Port Arthur designated area are classified as moderate maintenance areas. In
Louisiana, five parishes in the Baton Rouge designated area are classified as moderate
(maximum attainment date no later than June 2010) nonattainment areas. For the Houston-
Galveston-Brazoria and Baton Rouge nonattainment areas, 8-hour ozone concentrations have
had a general downward trend since 1998 but ozone concentrations frequently exceed the
NAAQS (USEPA 2011c). During the 2004—2008 period, the highest of the annual fourth-
highest daily maximum 8-hour ozone concentrations were 0.106 ppm and 0.097 ppm, recorded
in the Houston-Galveston-Brazoria and Baton Rouge nonattainment areas, respectively.

This region has several favorable conditions for the photochemical production of ozone.
Precursor emissions of ozone, such as nitrogen oxides (NOy) and VOCs, are abundant in the
region due to a huge population, the oil and gas industry, and the petrochemical industry,
including electricity generating facilities, chemical plants, petroleum refining facilities, oil and
gas storage and transportation industries, and associated onroad vehicles and nonroad equipment.
In addition, considerable emissions of biogenic VOCs are widespread and ubiquitous in the
region. The subtropical climate of the region (characterized by relatively high temperature and
intense solar radiation, despite frequent occurrences of precipitation) plays a role in establishing
conditions conducive to high ozone episodes.
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TABLE 3.5.2-1 National Ambient Air Quality Standards (NAAQS) and Maximum Allowable

Prevention of Significant Deterioration (PSD) Increments

NAAQSP PSD Increment (ug/md)d
Pollutant? Averaging Time Value Type® Class | Class Il Class IlI
Cco 8-hour 9 ppm P & - -
(10 mg/m3)
1-hour 35 ppm P - - -
(40 mg/m?3)

Pb Rolling 3-month 0.15 pg/md3 P,S - - -

average

Quarterly average 1.5 ug/m?3 P,S - - -
NO, Annual 53 ppb P,S 25 25 50

(arithmetic average)

1-hour 100 ppb P - - -
PMyq Annual - - 4 17 34

(arithmetic average)

24-hour 150 pg/m?3 P.S 8 30 60
PM, 5 Annual 15.0 pg/m® P,S 1 4 8

(arithmetic average)

24-hour 35 pg/m?3 P,S 2 9 18
O3 8-hour 0.075 ppm P, S - - -

(2008 standard)
8-hour 0.08 ppm P, S - - -
(1997 standard)

1-hour 0.12 ppmf P,S - - -
SO, Annual 0.03 ppm P 2 20 40

(arithmetic average)

24-hour 0.14 ppm P 5 91 182

3-hour 0.5 ppm S 25 512 700

1-hour 75 ppb P — — —

a  CO = carbon monoxide; NO, = nitrogen dioxide; O3 = o0zone; Pb = lead; PM, 5 = particulate matter <2.5 um;

PMy, = particulate matter <10 um; and SO, = sulfur dioxide.

b Refer to 40 CFR Part 50 for detailed information on the attainment determination and reference method for monitoring.

C P = primary standards, which set limits to protect public health, including the health of “sensitive” populations such as
asthmatics, children, and the elderly; S = secondary standards, which set limits to protect public welfare, including

protection against decreased visibility and damage to animals, crops, vegetation, and buildings.

d" The final rule for PSD increments for PM, 5 is effective on December 20, 2010 (75 FR 64864).

€ A dash denotes that no standard exists.

f The USEPA revoked the 1-hour ozone standard in all areas, although some areas have continuing obligations under that
standard (“anti-backsliding”).

Source: 40 CFR 52.21; 75 FR 64864; USEPA 2011a.
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In recent years, four revisions to NAAQS have been promulgated. Effective May 27,
2008, the USEPA revised the 8-hour ozone standards from 0.08 ppm to 0.075 ppm
(73 FR 16436). Effective January 12, 2009, the USEPA revised the Pb standard from a calendar-
quarter average of 1.5 ug/ms3 to a rolling 3-month average of 0.15 pug/m3 (73 FR 66964).
Effective April 12, 2010, the USEPA established a new 1-hour primary NAAQS for NO at
100 ppb (75 FR 6474), while, effective August 23, 2010, the USEPA established a new 1-hour
primary NAAQS for SO at 75 ppb (75 FR 35520). It takes several years to establish monitoring
plans and collect data to determine whether an area is in compliance with a new standard.

The Prevention of Significant Deterioration (PSD) regulations (see 40 CFR 52.21),
which are designed to limit the growth of air pollution in clean areas, apply to major new sources
or modifications of existing major sources within an attainment or unclassified area. While the
NAAQS (and SAAQS) place upper limits on the levels of air pollution, PSD regulations place
limits on the total increase in ambient pollution levels above established baseline levels for NO»,
PM1g, PM2 5, and SO, thus preventing “polluting up to the standard” (see Table 3.5.2-1). All
State air quality jurisdictions are divided into three classes of air quality protection. These
allowable increases are smallest in Class | areas, special areas of natural wonder and scenic
beauty, such as National Parks (NPs), National Monuments, and Wilderness Areas (WAS), where
air quality and air quality-related values (such as visibility and acid deposition) should be given
special protection. The rest of the country is subject to larger Class Il increments. States can
choose a less stringent set of Class Il increments, but none have done so. Major (large) new and
modified stationary sources must meet the requirements for the area in which they are locating
and any areas they impact. Thus, a source locating in a Class 11 area near a Class | area would
need to meet the more stringent Class | increment in the Class | area and the Class Il increment
elsewhere, as well as any other applicable requirements.

As a matter of policy, the USEPA recommends that the permitting authority notify the
Federal land managers (FLMSs) when a proposed PSD source would locate within 100 km
(62 mi) of a Federal Class | area. If the source’s emissions are considered large, the USEPA
recommends that sources beyond 100 km (62 mi) of a Federal Class I area be brought to
attention of the FLM. There are several Class | areas in the GOM coastal zones, in Louisiana
and Florida, as shown in Figure 3.5.2-1. In Louisiana, there is one Federal Class | area, while
Florida has four. The Federal Class | area offshore of Louisiana consists of the Breton Wildlife
Refuges, located on Breton Island and on many of the Chandeleur Islands (40 CFR 81.412).
Federal Class | areas in Florida, such as Bradwell Bay WA,3 Everglades NP, Chassahowitzka
WA, and St. Marks WA (40 CFR 81.407), are located more than 250 km (155 mi) from the
eastern boundary of the Central Planning Area. In addition, these Class | areas are not located
downwind of prevailing winds in the Western and Central Planning Areas, and thus are not much
affected by any current activities occurring in the Western or Central Planning Areas.

3 In 1980, Bradwell Bay WA along with Rainbow Lake in Wisconsin were excluded for purposes of visibility
protection as Federal Class | areas.
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Deepwater Horizon Event

On April 20, 2010, the explosion and subsequent fire of the British Petroleum (BP) DWH
platform in the GOM caused estimated 4.9 million barrels (Mbbl) of oil to be released into the
GOM until July 15, 2010, when the wellhead was capped. The BP spill is by far the world’s
largest accidental release of oil into marine waters. It is estimated that burning, skimming, and
direct recovery from the wellhead removed one quarter (25%) of the oil released from the
wellhead (Lubchenco et al. 2010). One quarter (25%) of the total oil naturally evaporated or
dissolved, and slightly less than one quarter (24%) was dispersed (either naturally or chemically)
as microscopic droplets into GOM waters. The residual amount — just over one quarter (26%)
— is either on or just below the surface as light sheen and weathered tar balls, has washed ashore
or been collected from the shore, or is buried in sand and sediments. In summary, a third (33%)
of the total leaked oil in the BP spill was captured or mitigated by the unified command recovery
operations, including burning, skimming, direct recovery from the wellhead, and chemical
dispersion. Half of the total leaked oil (naturally and chemically dispersed and residual) is
currently being degraded naturally.

Evaporation from the oil spill itself would result in VOCs in the atmosphere. The
VOC concentrations would occur anywhere there is an oil slick, and downwind of the slick.
VOC concentrations would decrease with downwind distance. The lighter portions of VOCs
would be most abundant in the immediate vicinity of the spill site. The heavier compounds
would be emitted over a longer period of time and over a larger area. The formation of large
concentrations of secondary organic aerosol (SOA), which affects air quality and climate change,
was observed downwind from the DWH oil spill (de Gouw et al. 2011). This SOA plume was
formed from unmeasured, less volatile hydrocarbons that were emitted from a wider area around
DWH. Some of the compounds emitted could be hazardous to workers in the vicinity of the spill
site. The hazard to workers can be reduced by monitoring and using protective gear, including
respirators. During the DWH incident, air samples collected by individual offshore workers by
BP, the Occupational Safety and Health Administration (OSHA), and the USCG showed levels
of BTEX that were mostly under detection levels. All samples had concentrations below the
OSHA Occupational Permissible Exposure Limits (PELS) and the more stringent American
Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values (TLVSs)
(BOEMRE 2011a).

At present, a number of scientists, physicians, and health care experts are concerned with
potential public health effects as a result of DWH event in the GOM,; they found that the VOC
benzene, a cancer-causing agent, has been found to be above Louisiana’s ambient air quality
standards (BOEMRE 2011a). However, while benzene in several samples related to the DWH
oil spill was indeed above the Louisiana annual standard of 12 pg/m3 (or 3.76 ppb), the long-
term average in the monitoring period was well below the standard (Liu 2011).

Climate Change Effects
Climate changes are under way in the United States and globally, and are projected to

continue to grow substantially over next several decades unless intense, concerted measures are
taken to reverse this trend. Climate-related changes include rising temperature and sea level,
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increased frequency and intensity of extreme weathers (e.g., heavy downpours, floods, and
droughts), earlier snowmelts and associated frequent wildfires, and reduced snow cover, glaciers,
permafrost, and sea ice. A thorough discussion of the impacts of climate change to the baseline
environment can be found in Section 3.3. In this section, potential impacts of climate change on
meteorology and air quality specific to the GOM are discussed based on the report released by
U.S. Global Change Research Program (USGCRP) in June 20009 titled, Global Climate Change
Impacts in the United States (USGCRP 2009), unless otherwise noted.

Overall, the annual average temperature in the Southeast, which encompass the GOM
coastal areas, did not change significantly over the past century. However, since 1970, the
annual average temperature has risen about 1.6°F (0.9°C), with the highest seasonal increase of
2.7°F (1.5°F) in winters. Recently, heat waves and extreme temperatures have been common,
especially in the southern States. For example, the average temperature for the summer in Texas
at 86.8°F (30.4°C) exceeded the previous seasonal statewide average temperature record for any
State during any season (NCDC 2011x). In summer of 2011, persistent heat engulfed the nation
and the number of daily maximum temperatures over 100°F (37.8°C) were recorded to range
from 10 days to more than 70 days in most of Texas, with a maximum of 90 days at Laredo
Airport located in the southernmost Texas. In the near term (2010-2029) and mid-century
(2040-2059), projected average temperature changes along the GOM coastal areas range 1-3°F
(0.6-1.7°C) and 2—4°F (1.1-2.2°C), respectively, from 1961-1979 baseline.

Over the century, precipitation in the Southeast has increased by an average of 6% but
has decreased by about 8% since 1970, with a maximum decrease of about 29% in spring.
Model predictions indicated that, due to the northward shift of storm tracks, northern areas will
become wetter and southern areas, especially in the West, will become drier. Accordingly, most
of the GOM coastal area is predicted to experience reductions in precipitation and increases in
drought severity and duration in the future. The destructive potential of Atlantic hurricanes has
increased since 1970 and is correlated with the increase in sea surface temperature. Anticipated
future changes for the U.S. and surrounding coastal waters include more intense hurricanes with
related increases in wind, rain, and storm surges, but the frequency of landfalling hurricanes has
not been established.

The two criteria air pollutants of most concern for public health and the environment are
surface ozone and particulate matter. Air quality in the GOM is anticipated to be affected by
climate change. While the Clean Air Act has improved air quality, higher temperatures and
associated stagnant air masses due to a weaker global circulation and a decreasing frequency of
mid-latitude cyclones (Jacob and Winner 2009) are expected to make it more challenging to meet
air quality standards, particularly for ground-level ozone (a component of smog). A warmer
climate is projected to increase the natural emissions of VOCs, accelerate ozone formation, and
increase the frequency and duration of stagnant air masses that allow air pollutants to
accumulate. This will worsen air quality, exacerbate respiratory diseases, and cause decreased
crop yields.

Wildfires in the U.S. are already increasing due to warming. In GOM coastal areas,

rising temperature and less precipitation (and thus prolonged droughts) have caused drying of
soils and vegetation, which increase the potential for wildfires. More wildfires would result in

Affected Environment 3-61



O©oo~NOoO oLk WwWwN -

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

air emissions, including criteria pollutants and toxic air pollutants, which could adversely impact
air quality, visibility, and human health. In addition, greenhouse gas (GHG) emissions released
from wildfires and associated loss of vegetation acting as a GHG sink could accelerate climate
changes.

3.5.2.2 Alaska — Cook Inlet

For more detailed information on Federal air regulations and programs, please see
Section 3.5.2.1.

The Alaska SAAQS are identical to the NAAQS (18 AAC 50.010). In addition, Alaska
has set standards for some pollutants that are not addressed by the NAAQS, that is, reduced
sulfur compounds and ammonia.

Except for a few population centers such as Anchorage, Fairbanks, and Juneau, the
existing air quality in Alaska is relatively pristine with pollutant concentrations that are well
within the ambient standards. Currently, Kenai Peninsula and Kodiak Island Boroughs, which
surround the Cook Inlet Planning Area, have no air monitoring stations for criteria pollutants but
are in unclassifiable/attainment for all criteria pollutants (40 CFR 81.302).

Eagle River in the Municipality Anchorage and Juneau are currently in nonattainment
for the PM19 NAAQS, while Fairbanks is in nonattainment for PMo 5 NAAQS. Although PM> 5
is still a problem, recent air monitoring data indicated that neither Eagle River nor Juneau
continues to violate the PM1g standard. The Alaska Department of Environmental Conservation
(ADEC), together with the USEPA and related boroughs, are currently in the process of
changing the status from nonattainment to maintenance. The most important sources of
particulate matter in Alaska include volcanic ash, windblown dust from dry glacial riverbeds,
wildfires during summertime, fugitive dust from unpaved roads, re-entrainment of winter
sanding materials from paved roads, and wood smoke as well as fuel combustion
(ADEC 2010b). In particular, increased exposure to particulate matter occurs during extended
wintertime temperature inversions. In addition, Anchorage and Fairbanks are designated as
maintenance areas for CO NAAQS.

There are four PSD Class | areas in Alaska (40 CFR 81.402): the Bering Sea WA in the
St. Mathew Island group off southwestern Alaska; the Denali NP in south central Alaska; the
Simeonof WA in the Shumagin Islands off the Alaska Peninsula; and the Tuxedni WA in Cook
Inlet. All WAs are administered by the U.S. Fish and Wildlife Service (USFWS), while the
Denali NP is administered by the National Park Service. The Tuxedni WA is the only Class I
area that is located in close proximity to the northern portion of Cook Inlet Planning Area (about
10 km [6 mi] away), as shown in Figure 3.5.2-2. All other Class I areas in Alaska are located
beyond 100 km (61 mi) from the Cook Inlet Planning Area.
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Climate Change Effects

Climate changes are under way in the U.S. and globally, and are projected to continue to
grow substantially over next several decades unless intense concerted measures are taken to
reverse this trend. Climate-related changes include rising temperature and sea level, increased
frequency and intensity of extreme weathers (e.g., heavy downpours, floods, and droughts),
earlier snowmelts and associated frequent wildfires, and reduced snow cover, glaciers,
permafrost, and sea ice. A thorough discussion of the impacts of climate change to the baseline
environment can be found in Section 3.3. In this section, potential impacts of climate change on
meteorology and air quality specific to the Cook Inlet are discussed based on the report released
by U.S. Global Change Research Program (USGCRP) in June 20009 titled, Global Climate
Change Impacts in the United States (USGCRP 2009).

In particular, Alaska has many resources vulnerable to climate change, such as sea ice,
glaciers, permafrost, and thus may be subject to more pronounced potential impacts than any
other parts of U.S. Over the past 50 yr, Alaska experienced more temperature increases than the
rest of U.S. Its annual average temperature has increased by 3.4°F (1.9°C), with the highest
seasonal increase of 6.3°F (3.5°C) in winters. By the middle of the century, the annual average
temperature in Alaska is projected to rise about 3.5 to 7°F (1.9 to 3.9°C). The higher
temperatures are already contributing to earlier snowmelt, reduced sea ice, widespread glacier
retreat, and permafrost warming. This warming could produce benefits in some sectors, such as
longer growing season, a longer period of outdoor and commercial activity such as tourism,
increased shipping, and resource extraction, and detriments in others, such as increased
likelihood of summer drought and wildfires due to longer summers and higher temperatures,
coastal erosion, and flooding associated with coastal storms, and major shifts of biota habitats.
Open water with a lower albedo absorbs sunlight better than the reflective surface of ice with a
higher albedo. Albeit limited to northern Cook Inlet, any decrease in sea ice due to warming
could lead to an decrease in albedo and thus an increase in ocean surface temperature, which
causes sea ice to melt more, the so-called ice-albedo positive feedback.

Over the past 50 yr, precipitation has increased an average of 5% in the U.S. Model
predictions indicate that, due to northward shift of storm tracks, northern areas will become
wetter and southern areas, especially in the West, will become drier. Over this century, the
temperature rise in sea surface temperature and reduced ice cover are likely to lead to northward
shifts in Pacific storm tracks and increased impacts on Alaskan coastlines, many of which are
low in elevation.

Two criteria air pollutants of most concern for public health and the environment are
surface ozone and particulate matter. Air quality in the Cook Inlet is anticipated to be affected
by climate change. Associated with climate change, more wildfires would result in air
emissions, including criteria pollutants and toxic air pollutants, which could adversely impact air
quality, visibility, and human health. In addition, greenhouse gas (GHG) emissions released
from wildfires and associated loss of vegetation as a GHG sink could accelerate climate changes.
To some degree, higher temperatures could increase ground-level ozone levels, which are
primarily related to ambient temperature. Ozone level increases can worsen air quality,
exacerbate respiratory diseases, and cause decreased crop yields. However, this minimal
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increase in ozone due to climate change is not anticipated to be high enough to contribute to
exceeding the NAAQS.

3.5.2.3 Alaska — Arctic

Please see Section 3.5.2.1 for more detailed information on Federal air regulations and
programs and 3.5.2.2 for Alaska-specific information.

Alaska has low air emissions. There are few industrial emission sources and, outside of
Anchorage and Fairbanks, no sizable population centers. Barrow with a year 2010 population of
about 4,600 is the largest city in North Slope Borough (USCB 2011i). The primary industrial
emissions are associated with oil and gas production, power generation, small refineries, paper
mills, and mining. The existing air quality in Alaska is considered to be relatively pristine, with
pollutant concentrations in most areas that are well within the NAAQS. Currently, North Slope
Borough, which borders the Beaufort and Chukchi Sea Planning Areas, has no continuous air
monitoring stations for criteria pollutants but is designated as an unclassifiable/attainment area
for all criteria pollutants (40 CFR 81.302).

All four Class I areas in Alaska are located more than 690 km (430 mi) from the Beaufort
and Chukchi Sea Planning Areas (40 CFR 81.402). The entire Arctic region is classified Class Il
under Federal PSD regulations.

Over most of the onshore areas bordering the Arctic Ocean, there are only a few small,
widely scattered emission sources. The only major local sources of industrial emissions are in
the Prudhoe Bay-Kuparuk-Endicott oil production complex. The offshore Northstar facility
located on an artificial island was the greatest single source of vented/flared gas on the North
Slope in 2002 (Alaska Department of Administration 2004). However, repairs during 2004
resulted in a significant decrease of flaring at Northstar Island. This area was the subject of
monitoring programs during 1986-1987 (ERT Company 1987; Environmental Science and
Engineering, Inc. 1987) and from 1990 through 1996 (ENSR Consulting and Engineering 1996;
USACE 1999). Five monitoring sites were selected — three were considered subject to
maximum air pollutant concentrations, and two were considered more representative of the air
quality of the general Prudhoe Bay area. The more recent observations are summarized in
Table 111.A-6 in MMS (2003b). All the values meet the NAAQS and SAAQS. The results
demonstrate that ambient pollutant concentrations meet the ambient standards, even for sites
subject to maximum concentrations.

Aside from notable warming trends and their associated impacts, the Arctic region
experiences air pollution problems due to long-range transport of air pollutants from industrial
northern Eurasia and North America, including arctic haze followed by acidic depositions,
tropospheric ozone, and buildup of toxic substances such as mercury or persistent organic
compounds (Law and Stohl 2007). Local shipping emissions and summertime boreal forest fires
may also be important pollution sources in the Arctic. In addition, large haze events in the
Arctic can be caused by Asian dust originating from the Gobi and Taklamakan Deserts in
Mongolia and northern China in springtime, as identified in Rahn et al. (1977).
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During the winter and spring, winds transport pollutants to Arctic region across the Arctic
Ocean from industrial Europe and Asia (Rahn 1982). These pollutants, primarily from coal
burning and metal smelting, cause a phenomenon known as arctic haze, a visible reddish-brown
haze. The composition of aerosols producing regional haze consists of approximately 90%
sulfate aerosols and 10% soot (Wilcox and Cahill 2003). Pollutant sulfate due to arctic haze in
the air in Barrow (that in excess of natural background) averages 1.5 ug/m3. The concentration
of vanadium, one of signature elements that fingerprint fossil fuel combustion, averages up to
20 times the background levels in the air and snowpack. Observations of the chemistry of the
snowpack in the Canadian Arctic also provide evidence of long-range transport of small
concentrations of organochlorine pesticides (Gregor and Gummer 1989). Concentrations of
arctic haze during winter and spring at Barrow are similar to those over large portions of the
continental United States, but they are considerably higher than levels south of the Brooks Range
in Alaska. Any ground-level effects of arctic haze on the concentrations of regulated air
pollutants in the Prudhoe Bay area are included in the monitoring data given in Table 111.A-6 in
MMS (2003b). Model calculations indicate that less than 10% of the pollutants emitted in the
major source regions are deposited in the Arctic (Pacyna 1995). Maximum concentrations of
some pollutants, sulfates and fine particles, were observed during the early 1980s and decreases
in concentrations were observed at select stations at the end of the 1980s due to emissions
decreases in some source regions and a meteorological shift. However, the decline in emissions
from Russia may be reversing as a consequence of economic revitalization and an increasing
reliance on coal, as natural gas becomes more valuable for export (Wilcox and Cahill 2003).
Despite this seasonal, long-distance transport of pollutants into the Arctic, regional air quality
still is far better than ambient air quality standards.

Climate Change Effects

Climate changes are underway in the U.S. and globally, and are projected to continue to
grow substantially over next several decades unless intense concerted measures are taken to
reverse this trend. Climate-related changes include rising temperature and sea level, increased
frequency and intensity of extreme weathers (e.g., heavy downpours, floods, and droughts),
earlier snowmelts and associated frequent wildfires, and reduced snow cover, glaciers,
permafrost, and sea ice. A thorough discussion of the impacts of climate change to the baseline
environment can be found in Section 3.3. In this section, potential impacts of climate change on
meteorology and air quality specific to the Arctic are discussed based on the report released by
U.S. Global Change Research Program (USGCRP) in June 2009 titled, Global Climate Change
Impacts in the United States (USGCRP 2009).

In particular, Alaska has many resources vulnerable to climate change, such as sea ice,
glaciers, permafrost, and thus may be subject to more pronounced potential impacts than any
other parts of U.S. Over the past 50 yr, Alaska experienced more temperature increase than the
rest of U.S. Its annual average temperature has increased by 3.4°F (1.9°C), with highest seasonal
increase of 6.3°F (3.5°C) in winters. By the middle of the century, annual average temperature
in Alaska is projected to rise about 3.5 to 7°F (1.9 to 3.9°C). The higher temperatures are
already contributing to earlier snowmelt, reduced sea ice, widespread glacier retreat, and
permafrost warming. This warming could produce benefits in some sectors, such as longer
growing season, a longer period of outdoor and commercial activity such as tourism, increased
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shipping, and resource extraction, and detriments in others, such as increased likelihood of
summer drought and wildfires due to longer summers and higher temperatures, coastal erosion,
and flooding associated with coastal storms, and major shifts of biota habitats. Open water with
a lower albedo absorbs sunlight better than the reflective surface of ice with a higher albedo.
Any decrease in Arctic sea ice due to warming could lead to a decrease in albedo and thus an
increase in ocean surface temperature, which causes sea ice to melt more, the so-called ice-
albedo positive feedback.

Over the past 50 yr, precipitation has increased an average of 5% in the U.S. Model
predictions indicate that, due to northward shift of storm tracks, northern areas will become
wetter and southern areas, especially in the West, will become drier. Over this century,
temperature rise in sea surface temperature and reduced ice cover are likely to lead to northward
shifts in Pacific storm tracks and increased impacts on Alaskan coastlines, many of which are
low in elevation.

Two criteria air pollutants of most concern for public health and the environment are
surface ozone and particulate matter. Air quality in the Beaufort and Chukchi Seas is anticipated
to be affected by climate change. Associated with climate change, more wildfires would result
in air emissions, including criteria pollutants and toxic air pollutants, which could adversely
impact air quality, visibility, and human health. In addition, greenhouse gas (GHG) emissions
released from wildfires and associated loss of vegetation as a GHG sink could accelerate climate
changes. To some degree, higher temperatures could increase ground-level ozone levels, which
are primarily related to ambient temperature. Ozone level increases can worsen air quality,
exacerbate respiratory diseases, and cause decreased crop yields. However, this minimal
increase in 0zone due to climate change is not anticipated to be high enough to contribute to
exceeding the NAAQS.

3.6 ACOUSTIC ENVIRONMENT

3.6.1 Gulf of Mexico

For a more detailed discussion on the acoustic environment of the GOM, please see
MMS (2004), which is incorporated here for reference.

3.6.1.1 Sound Fundamentals

Light does not travel far in the ocean due to its absorption or scattering. Even in the
clearest water most light is absorbed within a few tens of meters, and visual communication is
very limited in water, especially in deep or murky water, and/or at night. Accordingly, auditory
capabilities have evolved to overcome this limitation of visual communication for many marine
animals. Sound, which is mostly used by marine animals for such basic activities as finding food
or a mate, navigating, and communicating, plays a crucial role in their survival in the marine
environment. The same advantages of sound in water have led humans to deliberately introduce
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sound into the ocean for many valuable purposes, e.g., communication (e.g., submarine-to-
submarine), feeding (e.g., fish-finding sonar), and navigation (e.g., depth-finders and geological
and geophysical surveys for minerals) (Hatch and Wright 2007). However, some sounds, such
as the noise generated by ships and by offshore industrial activities, including oil and gas
activities, are also introduced into the ocean as a byproduct.

Any pressure variation that the human ear can detect is considered as sound, and noise is
defined as unwanted sound. Sound is described in terms of amplitude (perceived as loudness)
and frequency (perceived as pitch). The ear can detect pressure fluctuations changing over
seven orders of magnitude. The ear has a protective mechanism in that it responds
logarithmically, rather than lineally. To deal with these two realities (wide range of pressure
fluctuations and the response of the ear), sound pressure levels# are typically expressed as a
logarithmic ratio of the measured value to a reference pressure, called a decibel (dB). By
convention, the reference pressures are 20 micropascal (pPa) for airborne sound, which
corresponds to the average person’s threshold of hearing at 1000 Hz, and 1 pPa for underwater
sound. Accordingly, sound intensity in dB in water is not directly comparable to that in dB in
air.

There are primarily three ways to characterize the intensity of a sound signal
(OMP 2010). The “zero-to-peak pressure” denotes the range between zero and the greatest
pressure of the signal, while “peak-to-peak pressure” denotes the range between negative and
positive extremes of the signal. The “root-mean-square (rms) pressure” is the square root of the
average of the square of the pressures of the sound signal over a given duration. Due to the
sensitivity of marine animals to sound intensity, the rms pressure is most widely used to
characterize underwater sound waves. However, for impulsive sounds, rms pressure is not
appropriate to use because it can vary considerably depending on the duration over which the
signal is averaged. In this case, peak pressure of impulsive sound, which could be associated
with the risk of causing physical damage in auditory systems of marine animals, is more
appropriately used (Coles et al. 1968). Unless otherwise noted, source levels of underwater
sounds are typically expressed in the notation “dB re 1 pPa-m,” which is defined as the pressure
level that would be measured at a reference distance of 1 m from a source. In addition, zero-to-
peak and peak-to-peak sound pressure levels are denoted as dBg.p and dBp-p re 1 pPa-m,
respectively. In addition, the received levels (estimated at the receptor locations) are presented
as “dB re 1 uPa” at a given location (e.g., 5 km [3 mi]).

4 There are two primary but different metrics for sound measurements: sound pressure level (SPL) and sound
exposure level (SEL). SPL is the root mean square of the sound pressure over a given interval of time, given as
dB re 1 pPa for underwater sound. In contrast, SEL is the total noise energy from a single event and is the
integration of all the acoustic energy contained within the event. SEL takes into account both the intensity and
the duration of a noise event, given as dB re 1 puPaZ x s for underwater sound. In consequence, SEL is similar to
SPL in that total sound energy is integrated over the measurement period, but instead of averaged over the entire
measurement period, a reference duration of 1 s is used.
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3.6.1.2 Sound Propagation

Understanding the impact of sound on a receptor requires a basic understanding of how
sound propagates from its source. Underwater sound spreads out in space, is reflected, refracted,
and absorbed. Sound propagates with different geometries under water, especially in relatively
shallow nearshore environments. Vertical gradients of temperature, pressure, and salinity in the
water as well as wave and current actions can also be expected to constrain or distort sound
propagation geometries. Several important factors affecting sound propagation in water include
spreading loss, absorption loss, scattering loss, and boundary effects of the ocean surface and the
bottom (Malme 1995).

Among these, spreading loss, which does not depend on frequency, is the major
contributor to sound attenuation. As propagation of sound continues, its energy is distributed
over an ever-larger surface area. Spherical and cylindrical spreading are two simple
approximations used to describe the sound levels associated with sound propagations away from
a source. In spherical propagation, sound from a source at mid-depth in the ocean (i.e., far from
the sea surface or sea bottom) propagates in all directions with a 6-dB drop per doubling of
distance from the source. In cylindrical spreading, sound propagates uniformly over the surface
of a cylinder, with sound radiating horizontally away from the source, and sound levels dropping
3 dB per doubling of distance. The surface of the water and the ocean floor are effective
boundaries to sound propagation, acting either as sound reflective or absorptive surfaces.
Consequently, underwater sound originating as a point source will initially propagate spherically
over some distance until the sound pressure wave reaches these boundary layers; thereafter, the
sound will propagate cylindrically. Therefore, sound levels tend to diminish rapidly near the
source (spherical propagation) but slowly with increasing distances (cylindrical propagation).

Directionality refers to the direction in which the signal is projected. Many underwater
noises are generally considered to be omnidirectional (e.g., construction, dredging, explosives).
However, geophysical surveys, such as seismic air gun arrays, are focuses downward, while
some geological surveys are fanned. Although air gun arrays are designed to direct a high
proportion of the sound energy downward, some portion of the sound pulses can propagate
horizontally in the water, depending on array geometry and aspect relative to the long axis of the
array (Greene and Moore 1995). In any case, sound attenuation of directional sound with
distance is lower than the spreading loss for omnidirectional sources discussed above.

As sound travels, some sound energy is absorbed by the medium such as air or water
(so-called absorption losses) which represents conversion of acoustic energy to heat energy.
Absorption losses depend strongly on frequency, becoming greater with increasing frequencies,
and vary linearly with increasing distance, and are given as dB/km. Sound scattering is affected
by bubbles, suspended particles, organisms, or other floating materials. Like absorption losses,
scattering losses vary linearly with distance, and are given as dB/km.

Whenever sound hits the ocean surface or seafloor, it is reflected, scattered, or

absorbed and mostly loses a portion of its sound energy. Hard materials (like rocks) will reflect
or scatter more sound energy, while soft materials (like mud) will absorb more sound energy.

Affected Environment 3-69



O©oo~NOoO ol WwN -

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

Accordingly, the seafloor plays a significant role in sound propagation, particularly in shallow
waters.

Typically, a high-frequency sound cannot travel as far as a low-frequency sound in water
because higher frequencies are absorbed more quickly. An exception is the rapid attenuation of
low frequencies in shallow waters (Malme 1995). Shallow water acts as a waveguide bounded
on the top by the air and on the bottom by the ocean bottom. The depth of the water represents
the thickness of the waveguide. Sound at long wavelengths (low frequencies) does not fit in the
waveguide and is attenuated rapidly by the effects of interference at the boundaries.

3.6.1.3 Ambient Noise

Ambient noise is defined as typical or persistent environmental background noise
lacking a single source or point. In the ocean, there are numerous sources of ambient noise, both
natural and anthropogenic, which are variable with respect to season, time of day, location, and
noise characteristics (e.g., frequency). Natural sources include wind and waves, seismic noise
from volcanic and tectonic activity, precipitation, marine biological activities, and sea ice
(Greene 1995) while anthropogenic sources include transportation, dredging and construction,
oil and gas drilling and production, geophysical surveys, sonars, explosions, and ocean scientific
studies (Greene and Moore 1995). Depending on the ambient noise levels and their frequency
distributions, basic activities by marine animals or specific human activities could be
significantly hampered. As the ambient noise level increases, sounds from a specific source
disappear below the ambient level and become undetectable due to loss of prominence of the
signal at shorter ranges. In particular, anthropogenic sound could have effects on marine life,
including behavior changes, masking, hearing loss, and strandings. Due to its importance to the
sensitivity of instrumentation for research and military applications, ambient noise has been of
considerable interest to oceanographers and naval forces. Recent concerns over potential
impacts of strong sources of sound from scientific and military activities have driven
considerable public and political interest in the issue of noise in the marine environment
(NRC 2003; Greene 1995).

For most of the world oceans, shipping and seismic exploration noise dominate the low-
frequency portion of the spectrum (Hildebrand 2009). In particular, noise generated by shipping
has increased as the number of ships on the high seas has increased (Andrew et al. 2002). Along
the west coast of North America, long-term monitoring data suggest an average increase of about
3 dB per decade in low-frequency ambient noise.

Various activities and processes, both natural and anthropogenic, combine to form the
sound profile within the ocean. Except for sounds generated by some marine animals using
active acoustics, most ambient noise is broadband (composed of a spectrum of numerous
frequencies without a differentiating pitch). Virtually the entire frequency spectrum is
represented by ambient noise sources.

According to the Office of Marine Programs (OMP 2010) of the University of Rhode
Island, distant shipping is the primary source of ambient noise in the 20- to 500-Hz range. Spray
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and bubbles associated with breaking waves are the major contributions to ambient noise in the
500- to 100,000-Hz range. At frequencies greater than 100,000 Hz, “thermal noise” caused by
the random motion of water molecules is the primary source. Ambient noise sources, especially
noise from wave and tidal action, can cause coastal environments to have particularly high
ambient noise levels. Ice movements are a large source of noise in the Arctic and in Cook Inlet.

Per classical Wenz curves (Wenz 1962), which are plots of average ambient noise
spectra, seismic background and turbulent-pressure fluctuations are prevailing noises in the
frequency range of 1 to 100 Hz. Ocean traffic has noise between 10 and 1,000 Hz. Bubble and
spray resulting from sea surface agitation (such as breaking waves, spray, bubble formation and
collapse, and rainfall), whose noise increases with wind speed, accounts for the frequency range
of 100 to 20,000 Hz. With peaks ranging between 100 and 1,000 Hz, Wenz curves provided
noise spectrum level distributions for varying sea states.> At frequencies greater than 10,000 Hz,
thermal noise contributes increasingly to ambient levels with frequency, but absolute levels are
much lower than those below these frequencies. As intermittent and local effects, earthquakes
and explosions consist of noise signals from 1 to 100 Hz. Volcanic and tectonic noise generated
by earthquakes on land or in water propagates as low-frequency, locally generated “T-phase”
waves, with energy levels generally below 100 Hz (Greene 1995). Biota, such as fishes, certain
shrimps, and marine mammals, can produce signals ranging from less than 10 Hz to well over
100,000 Hz. Shipping and industrial activities along with sea ice have signals between 10 and
10,000 Hz. In addition to noise caused by breakup, sea ice makes noise when temperature
changes result in cracking. Underpressure from wind and currents also results in significant
low-frequency noise, and iceberg melting results in “seltzer” noise. Precipitation covers the
frequency range of 100 to 25,000 Hz.

Sources of ambient noise in the OCS include wind and wave activity, including surf noise
near the land-sea interface; precipitation noise from rain and hail; lightning; biological noise
from marine mammals, fishes, and crustaceans; and distant shipping traffic (Greene 1995).
Several of these sources may contribute significantly to the total ambient noise at any one place
and time, although ambient noise levels above 500 Hz are usually dominated by wind and wave
noise. Consequently, ambient noise levels at a given frequency and location may vary widely on
a daily basis. A wider range of ambient noise levels occurs in water depths less than 200 m
(shallow water) than in deeper water. Ambient noise levels in shallow waters are directly related
to wind speed and indirectly to sea state (Wille and Geyer 1984).

3.6.1.4 Anthropogenic Noise

Table 3.6.1-1 summarizes the various types of man-made noises in the ocean. Sources
include transportation, dredging, construction, hydrocarbon and mineral exploration, geophysical

5 Sea state is a measure of the intensity of the ocean’s movement and is characterized by such parameters as wind
speed, wave height, wave periodicity, and wave length. Sea states vary from “0,” which represents calm
conditions, to “9,” which is characterized by wind speeds of more than 33 m/sec (108 ft/sec) and wave heights of
more than 14 m (46 ft).

Affected Environment 3-71



1 TABLE 3.6.1-1 General Types of Anthropogenic Sound in the Ocean and Estimated Levels of Maritime Activity
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Source Level? Frequency Gulf of Mexico
Activity Sources (dB re 1 pPa-m) Range (Hz)P Level of Activity
Transportation Aircraft (fixed-wing 156-175 45-7,070 Moderate flight activity, estimated to be in the range of several
and helicopters) hundred flights annually (most low-level flights for oil and gas

support, aerial surveys)

Small vessels (boats, 145-170 37-6,300 High activity level; hundreds to thousands of fishing vessels,

ships) pleasure craft, small ships daily; millions of angler trips per year
(MMS 2004: Appendix F, Section 11.B); oil and gas support
vessel activity, estimated to be 304,807 to 319,921 trips per
year, with most concentrated in the Central Planning Area.

Large vessels 169-198 6.8-428 In the U.S. GOM in 1999, tankers and other freight vessels

(commercial vessels, completed a total of approximately 279,000 vessel trips in the

supertankers) GOM and Gulf Intracoastal Waterway waters

Ice breakers 171-191 10-1,000 None

Hovercraft and 130 224-7,070 None; related watercraft would include “jet skis,” whose

vehicles on ice numbers are estimated to range into the thousands
Dredging and Dredging 150-180 10-1,000 Precise levels unknown, although harbor maintenance activity is
construction very common for major GOM ports; very limited in shipping

channels

Tunnel boring Low 10-500 Unknown; expected to be rare in the GOM

Other construction Low <1000 Unknown; expected to be limited in the GOM

operations

Pile driving 228 Broadband Precise levels unknown; used to set platforms

(peak at 100-
500 Hz)
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TABLE 3.6.1-1 (Cont.)

Activity

Sources

Source Level?
(dB re 1 pPa-m)

Frequency
Range (Hz)P

Gulf of Mexico
Level of Activity

Oil and gas drilling and
production

Geophysical surveys

Drilling from islands
and caissons

Drilling from bottom-
founded platforms

Drilling from vessels

Offshore oil and gas
production

Support activity

Air guns

Sleeve exploders and
gas guns

140-160 20-1,000
119-127 5-1,200
(received)
154-191 10-10,000
Low 50-500
See small vessels See small
vessels
216-259¢ <120
217¢ Low

None in the GOM

Variable; may range from tens to hundreds of wells drilled from
GOM platforms annually; January 2001 drilling activity levels:
61 wells. MMS notes 40,361 approved applications to drill in
the GOM Federal waters

Low level of activity, on the order of tens of drill ships operating
in GOM waters annually

4,019 production platforms on 7,564 active leases in Federal
waters of the GOM, as of July 31, 2001; as of September 2,
2003, there were 3,476 active offshore production platforms in
the GOM Federal waters

304,807 to 319,921 trips per year, with most (~90%)
concentrated in the Central Planning Area; ~10% of support
vessel activity occurs in the Western Planning Area, while 0.2 to
0.3% is projected for the Eastern Planning Area

Tens to 30+ surveys per year, may have as many as five surveys
running concurrently (MMS 2004: Appendix D, Section V)

Unknown; expected to be very rare
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TABLE 3.6.1-1 (Cont.)

Activity

Sources

Source Level?
(dB re 1 pPa-m)

Frequency
Range (Hz)P

Gulf of Mexico
Level of Activity

Geophysical surveys
(Cont.)

Navigation and target
detection (sonars,

pingers)

Explosions

Vibroseis

Other techniques
(sparkers, boomers)

Fathometers

Military active sonars

Transponders

Military ordinance

Ship and weapons
testing

Offshore demolition
(structure removals)

187 to 210¢
instantaneous level
dependent upon
sweep length
(i.e., ~18-22dB
less than an air
gun pulse)

212-221°

180+

230+

180-200

>279¢

>294¢ (10,000 Ib
charge)

267-279°¢ (based
on charge weights)

10-70

Not applicable

12,000+

2,000-57,000

7,000-60,000

Peak

Broadband

Estimated to be rare (MMS 2004: Append D, Section 11.D)

Estimated to be rare
Potentially high, given the presence of thousands of ships and
boats in the GOM

Unknown; expected to be periodic, infrequent (e.g., tens to
100 or more annually)

Unknown; expected to be periodic, infrequent (e.g., several
hundred per year)

Low; live fire testing very limited in the GOM

Periodic, infrequent

53-130 removals per year
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TABLE 3.6.1-1 (Cont.)

Activity Sources

Source Level?
(dB re 1 pPa-m)

Frequency
Range (Hz)P

Gulf of Mexico
Level of Activity

Ocean science studies Seismology

Acoustic propagation
Acoustic tomography

Acoustic
thermometry

Not applicable

220
Not applicable

195

Not applicable

50-64
Not applicable

57.5-925

Unknown, expected to be very limited study of earthquakes in
the GOM, if any

Unknown, expected to be very limited
None expected

None expected

& Root mean square pressure level unless otherwise noted.

b Frequency range represents the lowest and highest frequencies over which the estimated source level data (reported either for dominant tones or center

frequency of the 1/3 octave bands) are available.

¢ Zero-to-peak pressure level.

Source: Adapted from Greene and Moore (1995) and various sources including MMS (2004), as noted.
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surveys, sonar, explosions, and ocean science studies. Noise levels from most human activities
are greatest at relatively low frequencies (<500 Hz).

3.6.1.4.1 Transportation. Transportation-related noise sources include aircraft (both
helicopters and fixed-wing aircraft) and surface and subsurface vessels. While icebreakers,
snowmobiles (snowmachine traffic), and hovercrafts are operating in the Arctic region, of these
three, only hovercrafts are used in Cook Inlet, and none are used in the GOM.

Aircraft. The primary sources of aircraft noise are their engine(s) (either reciprocating
or turbine) and propellers or rotors. Sound energy from both helicopters and propeller-driven
aircraft concentrates at relatively low frequencies (usually below 500 Hz) due to dominant tones,
which are harmonics of the blade rates® of the propellers and rotors (Hubbard 1995). Sounds
from jets (i.e., turbojet or turbofan) that do not drive propellers or rotors do not include
prominent tones at low frequencies but broadband noise across a wide range of frequencies.

In general, large, multi-engine aircraft tend to be noisier than small aircraft. Broadband
(45-7,070 Hz) source levels from aircraft flyovers range from 156 dB re 1 uPa-m for Twin Otter
with two turboprops to 175 dB re 1 uPa-m for C-130 military transport aircraft with four
turboprops. A four-engine P-3 Orion with multi-bladed propellers has estimated source levels of
160-162 dB re 1 uPa-m in the 56-80 Hz band and 148-158 dB re 1 uPa-m in the 890-1,120 Hz
band. A Twin Otter generates source levels of 147-150 dB re 1 pPa-m at the 82 Hz tone.
Helicopters are typically noisier and produce a larger number of acoustic tones and higher
broadband noise levels than do fixed-wing aircraft of similar size. Estimated source levels
for a Bell 212 helicopter are about 149-151 dB re 1 pPa-m at the 22 Hz tone (Greene and
Moore 1995).

Underwater sounds from passing aircraft are transient. Levels and durations of sounds
received underwater from passing aircraft depend on the noise strength of the aircraft, the
altitude and aspect of the aircraft, water depth, bottom conditions, the temperature-salinity
profile of the water column, and receiver depth. The peak received noise level in water, as an
aircraft passes directly overhead, decreases with increasing altitude and increasing receiver
depth. At incident angles greater than 13° from the vertical, much of the incident noise from
passing aircraft is reflected and does not penetrate the water with calm seas, deep water, or
shallow water with a nonreflective bottom. However, some airborne sound may penetrate water
at angles greater than 13° from the vertical when rough seas provide suitable angles for
additional transmission, but only above certain frequencies (Lubard and Hurdle 1976).
Accordingly, the duration of audibility of a passing aircraft is far longer in air than in water. As
explained previously, bottom type and water depth may strongly affect the level and frequency
content of aircraft noise by either reflectivity or absorption of sound. Due to multiple reflections,
lateral propagation underwater during aircraft flyover is better in shallow than in deep water,
especially in the case of a reflective bottom (e.g., basalt); thus, its noise can be heard longer in
shallow than in deep water.

6 The blade rate is defined as the number of turns of a propeller or turbine per second multiplied by the number of
blades.
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Small and Large Vessels. Vessels are primary contributors to overall background noise
in the sea, given their large numbers, wide distribution, and mobility (Greene and Moore 1995).
Sound levels and frequency characteristics of vessel noises underwater are generally related to
vessel size, speed, and mode of operation, although there exist wide variations among vessels of
similar classes depending on vessel design. Larger vessels generally emit stronger and lower-
frequency sounds than smaller vessels do because of their greater power, large drafts,” and slow-
turning engines and propellers, and those underway with a full load or those pushing or towing a
load are noisier than unladen vessels. The primary noise sources from all machine-powered
vessels are related to propeller, propulsion, and other machinery. Propeller cavitation is usually
the dominant underwater noise source of many vessels (Ross 1976). In general, propeller
cavitation produces most of the broadband noise, with dominant tones resulting from the
propeller blade rate. Propeller singing, typically a result of resonant vibration of the propeller
blade(s) with a strong tone between 100 and 1,000 Hz, is an additional source of propeller noise.
Cavitation bubbles absorb vibrational energy, so propeller singing ceases in case of strong
cavitation. Noise from propulsion machinery is generated by engines, transmissions, rotating
propeller shafts, and mechanical friction. These sources reach the water through the vessel hull.
Other sources of vessel noise include a diverse array of auxiliary machinery, flow noise from
water dragging along a vessel’s hull, and bubbles breaking in the vessel’s wake (Greene and
Moore 1995).

Small boats produce noise of about 150-170 dB re 1 uPa-m at frequencies mostly below
1,000 Hz. At the 1/3 octave-band’s center frequency of 1,000 Hz, a tug pulling a barge generates
164 dB re 1 uPa-m when empty and 170 dB re 1 uPa-m when loaded. A tug and barge underway
at 18 km/hr (11 mph) can generate broadband (45—7,070 Hz) source levels of 171 dB re 1 uPa-m.
A small crew boat produces 156 dB re 1 uPa-m at the 90 Hz tone. A small boat with an outboard
engine generates 156 dB re 1 uPa-m at the 1/3 octave-band’s center frequency of 630 Hz, with
almost the same levels as that ranging from 400 to 800 Hz. An inflatable boat with a
25 horsepower outboard engine produces 152 dB re 1 pPa-m at the 1/3 octave-band’s center
frequency of 6,300 Hz (Greene and Moore 1995).

Fishing in coastal regions also contributes sound to the overall ambient noise. Sound
produced by these smaller boats is typically at a higher frequency, around 300 Hz. A 12-m
(39-ft) long fishing boat, underway at 7 knots, generates a broadband source level of 151 dB
re 1 uPa-m in the 250-1,000 Hz range. Trawlers generate source levels of 158 dB re 1 yPa-m at
the 1/3 octave-band’s center frequency of 100 Hz, with almost the same levels as that ranging
from 100 to 250 Hz (Greene and Moore 1995).

Few data on 1-m (3-ft) source levels are available for small ships, such as support and
supply ships. A supply ship underway can generate broadband (45-7,070 Hz) source levels of
181 dB re 1 uPa-m. In general, broadband (20-1000 Hz) source levels for most small ships are
about 170 to 180 dB re 1 uPa-m (Greene and Moore 1995), which is for ships between boats and
large vessels.

7 The draft denotes the vertical distance between the waterline and the bottom of the ship’s hull.
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Shipping traffic, including large commercial vessels and supertankers, is most significant
at frequencies from 20 to 300 Hz. Source levels from a freighter can be 172 dB re 1 pPa-min
the dominant tone of 41 Hz. Large vessels such as tankers, bulk carriers, and container ships can
range from 169 dB (at the 428 Hz tone) to 181 dB (at the 33 Hz tone) re 1 uPa-m, while a very
large container ship generates as much as 181-198 dB re 1 uPa-m (at tones below 40 Hz).
Supertankers generate peak source levels of 185-190 dB re 1 pPa-m at about a 7 Hz tone. Noise
levels of supertankers are highest at the lowest frequency measured (near 2 Hz), while strong
broadband components caused by propeller cavitation are centered at frequencies ranging from
40 to 100 Hz (Greene and Moore 1995).

In shallow water, shipping traffic located more than 10 km (6 mi) away from a receiver
generally contributes only to background noise. However, in deep water, low-frequency
components of traffic noise up to 4,000 km (2,485 mi) away may contribute to background noise
levels (Greene 1995).

3.6.1.4.2 Dredging and Construction. Marine dredging and construction activities are
common within the coastal waters of the OCS. Underwater noises from dredge vessels are
typically continuous in duration (for periods of days or weeks at a time) and strongest at low
frequencies. Marine dredging sound levels vary greatly, depending upon the type of dredge
(such as transfer, hopper, and clamshell dredges), and hopper dredges were noisier than transfer
dredges (Greene 1985a, 1987). Transfer dredges can generate broadband (45-890 Hz) source
levels of 172 to 185 dB re 1 uPa-m, and 1/3 octave-band (between 10 and 1,000 Hz) source
levels ranging from 150 to 180 dB re 1 uPa-m with peaks in the 100-200 Hz range (Greene and
Moore 1995). A clamshell dredge generates broadband (20-1,000 Hz) source levels of about
167 dB re 1 pPa-m while pulling a loaded clamshell back to the surface. Because of rapid
attenuation of low frequencies in shallow water, dredging noise can diminish below typical
broadband ambient levels of about 100 dB re 1 puPa within 25 km (16 mi) of dredges, but
stronger tones from some dredges can be detectable beyond 25 km (16 mi) under certain
conditions (Greene and Moore 1995).

Sounds from various onshore construction activities vary greatly in levels and
characteristics. These sounds are most likely within shallow waters. Onshore construction
activities may also propagate into coastal waters, depending upon the source and ground material
(Greene and Moore 1995).

Pile driving during construction activities is of special concern because it generates
signals with a very high source level and broad bandwidth. In general, the source level and
frequency content of the sounds produced by pile driving depend on a variety of factors,
including the type and size of the impact hammer and the pile, the properties of the seafloor, and
the depth of the water. Thus, the actual sounds produced would vary from location to location.

Pile driving is expected to generate sound levels in excess of 200 dB and to have a
relatively broad bandwidth from 20 Hz to the ultrasonic range above 20 kHz, with peak
energy between 100 and 500 Hz (Madsen et al. 2006; Thomsen et al. 2006). Due to the
impulsive nature of the sound, the radiation pattern is assumed to be rather omnidirectional
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(Madsen et al. 2006). Measurements from offshore wind farms in German Bight indicated
that the broadband peak sound pressure level during pile driving were 189 dBg.p re 1 puPa
(SEL =166 dB re 1 puPa2-s) at 400 m (1,300 ft) distance, resulting in a peak broadband source
level of 228 dBg-p re 1 pPa-m (SEL =206 dB re 1 uPa2-s-m) (Madsen et al. 2006). The

1/3 octave-band sound pressure level was highest at 315 Hz (peak = 218 dBg-p re 1 uPa-m)
with considerable sound energy above 2 kHz.

Sound propagation modeling for three projects predicted underwater noise levels
greater than 160 dB re 1 uPa (NMFS threshold for behavioral disturbance/harassment from
a noncontinuous noise source) at distances ranging from 3.4 to 7.2 km (2.1 to 4.5 mi)
(BOEMRE 2011b). Pile-driving noise can travel a long distance; even at 80 km (50 mi)
distance, the sound pressure levels at frequencies below 4 kHz are well above background noise,
about 40-50 dB (Thomsen et al. 2006).

3.6.1.4.3 Oil and Gas Drilling and Production. Offshore drilling and production
involve a variety of activities that produce underwater noises. Offshore drilling can be, in large
part, made from three types of facilities: (1) natural or manmade islands; (2) bottom-founded
platforms; and (3) drilling vessels, including semisubmersibles and drillships. Irrespective of
type of facilities, most noises associated with offshore oil drilling and gas production are
generally below 1,000 Hz (Greene and Moore 1995).

Compared with other drilling facilities, underwater noise emanating from drilling on
natural or manmade islands is generally low, primarily due to poor transmission of sound
through the rock and fill islands. And thus noise is inaudible at ranges beyond a few kilometers.
During drilling operations at the Sandpiper Island, Miles et al. (1987) estimated the source level
of 145 dB re 1 pPa-m at a predominant 40-Hz tone, which is presumed related to diesel electric
generator operation.

Underwater noises emanating from drilling activities from fixed, metal-legged platforms
are considered weak due to noise sources on decks well above the water and small surface areas
in contact with water. The strongest tones are generally at very low frequencies, near 5 Hz, for
which received levels of 119 to 127 dB re 1 pPa at near-field measurement locations were
reported (Gales 1982).

Drillships show somewhat higher noise levels than semisubmersibles as a result of
mechanical noises generated through the hull of a drillship that is well coupled to the water.
The drillship Canmar Explorer Il generated broadband (457,070 Hz) source levels of 174 dB
re 1 uPa-m. The specialized ice-strengthened floating platform Kulluk is by far the noisiest
among drillships, producing broadband (45-1,780 Hz) source levels of 185 dB re 1 pPa-m
(Greene and Moore 1995). Across the 20 to 1,000 Hz range, its 1/3 octave-band source levels
are higher than that for Canmar Explorer II, with a maximum difference of about 15 dB.
Measurements from Kulluk operating in another area indicated that it produced broadband
(10-10,000 Hz) source levels of 191 dB re 1 uPa-m while drilling and 179 dB re 1 uPa-m while
tripping (extracting or lowering the drillstring) (Hall et al. 1994).
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In the shallow waters, the overall noise (20 to 1,000 Hz band) from most drilling
operations would be at levels below the median ambient noise (about 100 dB re 1 pPa) at ranges
greater than 30 km (19 mi) (Greene 1987).

Offshore oil and gas production is made from natural/manmade islands or from bottom-
standing metal platforms. Sounds from production on islands or platforms can attenuate rapidly
due to the reasons explained above for platforms and islands. Underwater sound levels from
these activities are relatively low compared with other manmade activities. In addition, support
activities associated with oil and gas operations such as supply/anchor handling and crew boats
and helicopters also contribute to the noise from offshore activities.

3.6.1.4.4 Geophysical Surveys. Marine geophysical (seismic) surveys are commonly
conducted to delineate oil and gas reservoirs below the surface of the land and seafloor. These
operations direct high-intensity, low-frequency sound waves through layers of subsurface rock,
which are reflected at boundaries between geological layers with different physical and chemical
properties. The reflected sound waves are recorded and processed to provide information about
the structure and composition of subsurface geological formations (McCauley 1994). In an
offshore seismic survey, a high-energy sound source is towed at a slow speed behind a survey
vessel. Until the mid-1960s, explosive charges were the standard sources for marine seismic
exploration, but nonexplosive seismic survey sources, such as air guns, sleeve exploders, gas
guns, and Vibroseis®, are currently in use, among which air guns are commonly used (Greene
and Moore 1995). An air gun is a pneumatic device that produces acoustic output through the
rapid release of a volume of compressed air, which forms bubbles. The air gun is designed to
direct the high-energy bursts of low-frequency sound (termed a “shot”) downward toward the
seafloor. Air guns are usually used in sets, or arrays, rather than singly (McCauley 1994).
Reflected sounds from below the seafloor are received by an array of sensitive hydrophones on
cables (collectively termed “streamers”) that are either towed behind a survey vessel or attached
to cables placed on or anchored to the seafloor.

Air gun arrays are the most common source of seismic survey noise. Air guns produce
energy primarily at 10-120 Hz, with some energy up to 500-1,000 Hz, which is lower than low-
frequency energy but much higher than ambient noise levels. A typical full-scale air gun array
produces a broadband source level of 248-255 dBo_p8 re 1 pPa-m (Johnston and Cain 1981;
Greene 1985b), with the most powerful air gun array producing 259 dBg-p re 1 uPa-m
(Parrott 1991). Typical seismic arrays being used in the GOM produce source levels (sound
pressure levels) of approximately 240 dBg-p re 1 pPa-m. Despite downward focusing of the
seismic air gun pulses toward the ocean bottom, portions of their energy propagate horizontally,
which is of greater concern. In waters 25-50 m (82—164 ft) deep, sound produced by air guns
can be detected 5075 km (31-47 mi) away, and these detection ranges can exceed 100 km
(62 mi) during quiet times with efficient propagation, or in deeper water (Greene and
Moore 1995).

8 For an ideal sinusoid, the zero-to-peak value is about 6 dB lower than peak-to-peak value and about 3 dB higher
than the rms value.
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3.6.1.4.5 Navigation and Target Detection. Active sonar systems are used for the
detection of objects underwater. These range from depth-finding sonars (fathometers), found
on most ships and boats, to powerful and sophisticated units used by the military. Sonars emit
transient, and often intense, sounds that vary widely in intensity and frequency. Unlike most
other manmade noises, sonar sounds are mainly at moderate to high frequencies, ranging from
a few hundred hertz for long-range search sonar to several hundred kilohertz for side-scan
sonars and military sonars, which attenuate much more rapidly than lower frequencies (Greene
and Moore 1995). Acoustic pingers used for locating and positioning of oceanographic and
geophysical equipment also generate noise at high frequencies.

Source levels of depth sounders are over 180 dB re 1 uPa-m at over 12 kHz, while those
of bottom profilers are about 200-230 dB re 1 pPa-m in the 0.4-30 kHz range. Military sonars
for search and surveillance operate at 2-57 kHz, with source levels of over 230 dB re 1 uPa-m
(Watts 1994).

3.6.1.4.6 Explosions. Underwater explosions in open waters are the strongest point
sources of anthropogenic sound in the sea. Sources of explosions include both military testing
and non-military activities, such as offshore structure removals. Explosives produce rapid onset
pulses (shock waves) followed by a succession of oscillating low-frequency bubble pulses, if
the explosion occurs sufficiently deep from the surface (Staal 1985). Shock waves change to
conventional acoustic pulses as they propagate.

High-explosive detonations have velocities of 5,000-10,000 m/s with pulse rise times
of about 20 psec and short-pulse durations of 0.2-0.5 ms. Although the wave is initially
supersonic, it is quickly reduced to a normal acoustic wave. Bubble-pulse frequency decreases
as charge mass increases and as charge depth decreases. The spectra are dominated by a broad
peak over a lower frequency band (<100 Hz), with strong infrasonic (<20 Hz) energy. Even a
small 0.5-kg (1-1b) charge of TNT generates source levels of 267 dBg-p re 1 uPa-m, while a
20-kg (44-1b) charge of TNT produces 279 dBo-p re 1 uPa-m, with dominant frequencies below
50 Hz. Detonation of very large charges during ship shock tests with a 4,536-kg (10,000-Ib)
charge produces source levels of more than 294 dBg-p re 1 uPa-m (Greene and Moore 1995;
MMS 2005a).

3.6.1.4.7 Ocean Science Studies. Ocean science studies examine characteristics of the
water masses and ocean bottom layer. In addition to the seismic surveys that are mentioned
above, these include investigating sound transmission and the properties of ocean water masses
(acoustic oceanography), the latter of which include tomographic studies.

Two notable closely related ocean science studies are presented to describe typical
source levels. InJanuary 1991, the Heard Island Feasibility Test (HIFT) in the southern Indian
Ocean was carried out to establish the limits of usable, long-range acoustic transmissions
(Munk et al. 1994). In the study, a vertical array of five sources, centered at 57 Hz (bandwidth
14 Hz), generated broadband source levels of about 220-221 dB re 1 uPa-m. These signals were
detected halfway around the world (at ranges of up to ~20,000 km [12,427 mi]). The Acoustic
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Thermometry of Ocean Climate (ATOC) study was made in the northern Pacific Ocean over the
decade 1996-2006, and was designed to monitor long-term ocean temperature trends. The coded
signals with a source level of 195 dB re 1 pPa-m transmitted broadband signals centered at 75 Hz
(bandwidth 35 Hz) to receivers scattered in the northern Pacific Ocean at a maximum range of
about 5,500 km (3,418 mi) (Dushaw et al. 2009).

3.6.1.4.8 Snowmachines and Ice Roads. The two principal sources of transportation
activity on the North Slope are the oil industry and the Ifiupiat communities (MMS 2008b).
Small snowmobiles have high-speed two-cycle engines. These are noisy in air and create sounds
at higher frequencies than larger, slower machinery. The amount of sound passing through ice
into the water below is expected to vary greatly depending on snow, ice, and temperature
conditions. The spectrum of snowmobile sound as received under the ice includes much energy
near 1-1.25 kHz, but levels vary widely: spectrum levels about 90 dB re 1 pPa2/Hz at a range of
148 m (486 ft) in one study, versus only 55-60 dB at range of about 200 m (656 ft) in another
(Greene and Moore 1995).

The oil industry builds ice roads in winter to access areas that otherwise would be
inaccessible to large equipment. Fresh water from local streams and ponds is used to build a
thick, flat road surface capable of supporting large machinery. Ice-road construction begins after
freezeup and after there is a minimum of 6 in. of base snow. Ice roads are built over tundra and
shorefast ice to facilitate exploration and development while minimizing impacts (MMS 2008b).

3.6.1.5 Climate Change Effects

Potential impacts of climate change on the acoustic environment are relatively minor.
Since the sound attenuation rate depends on seawater acidity, it has been suggested that
increasing ocean acidification resulting from rising anthropogenic CO» emissions will result in
decreased sound absorption (Hester et al. 2008). Increases in ambient low-frequency noise have
already been reported, attributable largely to an overall increase in human activities, such as
shipping that are unrelated to climate change (Andrews et al. 2002). Due to the combined effects
of decreased absorption and anticipated increases in overall human activities, ambient noise
levels will increase considerably within the auditory range of 10-10,000 Hz, which are critical
for environmental, biota, military, and economic interests (Hester et al. 2008). There will also be
changes in frequency spectrum distributions.

3.6.2 Alaska — Cook Inlet

For a more detailed discussion on the acoustic environment of Cook Inlet, please see
MMS (2003a), which is incorporated here for reference.

General underwater noise sources are covered in detail in Section 3.6.1, Acoustic
Environment: Gulf of Mexico, while those limited to Arctic Alaska are discussed in
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Section 3.6.3, Acoustic Environment: Alaska — Arctic. In this section, noise sources specific to
Cook Inlet will be presented.

3.6.2.1 Sources of Natural Sound

In Cook Inlet, underwater sound is generated by a variety of natural sources, such as ice,
the action of wind, waves, and biological activity. Ambient noise levels and the acoustic
environment in the Cook Inlet vary greatly among seasons and even daily. To a lesser degree
than in the Arctic, ice plays a role in the ambient noise levels. In contrast to the Arctic
environment, strong tidal fluctuations and currents function as additional sources of ambient
noise in Cook Inlet. Cook Inlet has one of the largest tides in the North American continent, and
thus tidal noises can be important contributors to ambient levels, especially at low frequencies.
Wind and wave action also contribute to ambient noise. Measurements at several seaward
locations around Anchorage that are removed from industrial activities indicated that the mean
ambient underwater broadband (10-20,000 Hz) levels span a fairly wide range, from 95 to
120 dB re 1 pPa (Blackwell and Greene 2002).

Marine mammals in Cook Inlet also contribute to ambient noise.

Echolocation clicks have the highest source levels among marine mammal sounds. The
echolocation signals from beluga whales have source levels of about 206-225 dB re 1 pPa-m,
with peak frequencies between 40 and 60 kHz and between 100 and 120 kHz (Au et al. 1985,
1987; Au 1993). Under controlled conditions, a trained beluga had good echolocation abilities at
distances up to at least 80 m (262 ft) (Au et al. 1987). However, maximum distances at which
echolocation pulses can be detectable by hydrophone (one-way travel) are much greater than the
maximum target distance at which the emitting animal can detect echoes (two-way travel).

Humpback whales in southeast Alaskan waters produce five categories of sounds, with
frequencies ranging between 20 and 2,000 Hz (Thompson et al. 1986). Source levels ranged
from 162 (low-frequency pulse trains) to 192 dB (surface impacts resulting from fluke or flipper
slaps), re 1 pPa-m.

Fin whales typically produce calls around 20 Hz, which have source levels of about
160-186 dB re 1 pPa-m with extremes of 200 dB and <140 dB (Patterson and Hamilton 1964;
Northrop et al. 1968, 1971; Watkins 1981; Watkins et al. 1987; Cummings and Thompson 1994).
Calls at 20 Hz can be transmitted up to 185 km (115 mi) away (Cummings and Thompson 1971).

There are many other species of marine mammals in the marine environment of Cook
Inlet whose vocalizations contribute to ambient sound. These include but are not limited to,
other whales (such as gray whales), dolphins, sea lions, sea otters, and seals (see Section 3.8.1.2).
Sea lions, sea otters, seals, and marine and coastal birds all produce sound that can be heard
above water.
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3.6.2.2 Sources of Anthropogenic Sound

The primary sources of anthropogenic sounds in the Cook Inlet include aircraft
overflights, vessel activities and traffic, oil and gas activities, including seismic surveys and
production operations and other miscellaneous human activities such as construction of pipelines
and production facilities, pile driving for a new dock at Anchorage port, and possibly new bridge
construction. Port of Anchorage and Anchorage International Airport, which are important
transportation and distribution hubs, and Elmendorf Air Force Base are located more than
145 km (90 mi) northeast of the Cook Inlet Planning Area (see Figure 3.2.1-1). Cook Inlet
experiences considerable aircraft traffic throughout the year, including commercial passenger,
cargo, private, and military aircraft (Moore et al. 2000). In particular, Kenai and Homer airports,
located east of the planning area, processed about 114,000 flight operations in 2001, about half
of which were attributable to air-taxi operations. More than 10 helicopters are also based at
these two airports. In Cook Inlet, significant noise originates from heavy vessel traffic, including
cargo vessels, freighters, tankers, supply ships, support vessels, tugboats, barges, seismic-survey
vessels, and fishing boats (for recreational, commercial, subsistence, and personal use). As for
natural sound, anthropogenic sound varies spatially and temporally within the Cook Inlet.

Considering the size and/or traffic volume of vessels, noise from boat traffic associated
with oil and gas activities is likely less than that from the fishing and commercial traffic
occurring within the Cook Inlet. However, shipping traffic is more pronounced in Cook Inlet
than in the Arctic Ocean. Shipping traffic dominates the spectra of ambient noise between
20 and 300 Hz. Fishing vessels produce high-frequency sound peaking at 300 Hz, whereas
larger cargo vessels produce more lower frequency sounds (Greene and Moore 1995).

Sounds produced by offshore oil and gas platforms in Cook Inlet have not been well
studied. However, drilling platforms and combined drilling/production platforms in California
produce little underwater sound because of the small surface area in contact with the water and
the placement of machinery on decks well above the water (Gales 1982).

3.6.2.3 Climate Change Effects

Potential impacts of climate change on the acoustic environment are relatively minor. Since the
sound attenuation rate depends on seawater acidity, it has been suggested that increasing ocean
acidification resulting from rising anthropogenic CO2 emissions will result in decreased sound
absorption (Hester et al. 2008). Increases in underwater low-frequency noise have already been
reported, attributable largely to an overall increase in human activities, such as shipping that are
unrelated to climate change (Andrews et al. 2002). Although sea ice is limited to northern Cook
Inlet during winter through early spring, reduced sea ice associated with climate change could
provide a longer open water season for shipping and resource extraction, which could increase
sound levels in Cook Inlet. Due to the combined effects of decreased absorption, the anticipated
increase in overall human activities, and the longer open water season, ambient noise levels will
increase considerably within the auditory range of 10-10,000 Hz, which are critical for
environmental, biota, military, and economic interests (Hester et al. 2008). There will also be
changes in frequency spectrum distributions.
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3.6.3 Alaska — Arctic

For a more detailed discussion on the acoustic environment of the Arctic region, please
see MMS (2008b) and MMS (2006c¢), which are incorporated here for reference.

General underwater noise sources are covered in detail in Section 3.6.1, Acoustic
Environment: Gulf of Mexico, while those limited to Cook Inlet are discussed in Section 3.6.2,
Acoustic Environment: Alaska — Cook Inlet. In this section, noise sources specific to Arctic
Alaska will be presented.

In the Arctic Project Areas including the Beaufort and Chukchi Seas, underwater sound is
generated by a variety of natural and anthropogenic sources. The arctic waters are a unique
acoustic environment mainly due to the presence of ice, which can contribute significantly to
ambient sound levels and affects sound propagation.

3.6.3.1 Sources of Natural Sound

Natural sound in the Alaskan Arctic predominantly originates from ice and the action of
wind, waves, and biological activity (Greene 1995). Ambient levels of natural sound can vary
dramatically between and within seasons at a particular location and can vary from location to
location. As an example, Burgess and Greene (1999) found that ambient sound in the Beaufort
Sea in September 1998 ranged widely, between about 63 and 133 dB re 1 uPa. The presence,
thickness, and movement of sea ice significantly influence the ice’s contribution to ambient
sound levels, as does the period of open water when wind and waves contribute to ambient sound
levels.

Sea Ice. The Arctic waters are a unique acoustic environment mainly due to the presence
of ice, which can contribute significantly to ambient sound levels and affects sound propagation.
Ice cracking due to thermal stresses caused by temperature changes generates noise, and ice
deformation under pressure from wind and currents produces significant low-frequency noise
(Greene 1995). Data are limited, but in at least one instance it has been shown that ice-
deformation sounds had frequencies of 4-200 Hz (Greene 1981). While sea ice can produce
significant sound, it also can also function to dampen ambient sound.

Ambient noise levels in the project area can vary drastically between seasons and can
also vary with sea ice conditions. In winter and spring, shore-fast ice produces significant
thermal cracking sounds (Milne and Ganton 1964). The spectrum of cracking noise typically
displays a broad range from 100 to 1000 Hz, and the spectrum level has been observed to vary as
much as 15 dB within 24 hours due to the diurnal change of air temperature. The NRC (2003;
citing Urick 1984) reported that variability in air temperature over the course of the day can
change received sound levels by 30 dB between 300 and 500 Hz. Spring noise spectra peaked at
about 90 dB re 1 puPa?/Hz at infrasonic frequencies (0.5-2 Hz) (Milne and Ganton 1964). In the
2—-20 Hz range, noise spectra decrease with increasing frequency, while in the 20-8,000 Hz
range, the levels of 50 dB re 1 pPa?/Hz remain constant. Winter noises include wind-induced
noise as well as thermal cracking sounds. Winter noise, equivalent to Knudsen spectrum for sea
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state three, is higher than during any other season. For late summer ice, relative motion of the
floes is the primary factor for ambient sound. As icebergs melt, they produce additional
background noise with a spectrum level flat at about 62 dB re 1 pPa2/Hz at a range of 180 m
from an iceberg, decreasing to about 58 dB at 10 kHz (Urick 1971). In addition to noise caused
by breakup, sea ice makes noise when temperature changes result in cracking. Underpressure
from wind and currents also results in significant low-frequency noise, and iceberg melting
results in “seltzer” noise.

The Arctic Ocean is almost uniformly cold from top to bottom, and pressure always
increases with depth. Thus, sound speed is the lowest at or near the surface. All sound rays in
the arctic surface channel are refracted upward and are then reflected from the under-ice surface
(Richardson et al. 1995). Low-frequency noise loses its energy by conversion of acoustic waves
into flexural waves of the ice sheet. At higher frequencies, under-ice roughness plays a primary
role in sound propagation. Smooth annual ice may enhance propagation as compared with open
water conditions. However, increased cracking, ridging, and other forms of roughness generally
cause more transmission losses than under open water conditions. As ice forms, especially in
very shallow water, the sound propagation properties of the underlying water are affected in a
way that can reduce the transmission efficiency of low-frequency sound (Blackwell and
Greene 2002). At frequencies less than 500 Hz, where most acoustic energy from aircraft and
surface vehicles is concentrated, the ice layer is acoustically thin and causes little attenuation of
sound (Malme 1995).

The presence of sea ice also affects the timing, nature, and possible locations of human
activities such as shipping; research; barging; whale hunting; oil- and gas-related exploration
(e.g., seismic surveys and drilling); military activities; and other activities that introduce noise
into the marine environment. Because of sea ice and its effects on human activities, ambient
sound levels in the Beaufort and Chukchi Seas can vary dramatically between seasons and with
sea ice conditions. The presence of ice also impacts which marine species are present, another
factor that influences ambient sound levels.

There is some concern that climate change will alter the acoustic environment in the
Arctic drastically. Arctic sea ice is declining rapidly. Its extent has fallen at a rate of 3 to 4%
per decade over the last three decades, and this trend is very likely to continue (USGCRP 2009).
If Arctic warming continues, it is likely that changes in the acoustic environment also will occur
in many parts of the waters off Alaska (Tynan and DeMaster 1997; Brigham and Ellis 2004).
Climate warming potentially could: (1) increase noise and disturbance related to increased
shipping and other vessel traffic and possibly increased seismic exploration and development;
(2) expand commercial fishing and/or cause a change in areas where intensive fishing occurs;
(3) decrease year-round ice cover; (4) change subsistence-hunting practices; and (5) change the
distribution of marine mammal species (MacLeod et al. 2005).

Wind and Waves. During the open water season in the Arctic, wind and waves are
important interrelated sources of ambient sounds with levels tending to increase with increased
wind (and thus sea state) and wave height, all other factors being equal (Greene 1995). Areas of
water with 100% sea ice cover can reduce or completely eliminate sounds from waves or surf.
However, the marginal ice zone in the area near the edge of large sheets of ice usually is
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characterized by quite high levels of ambient sound compared to other areas, in large part due to
the impact of waves against the ice edges and the breaking up and rafting of ice flows (Milne and
Ganton 1964).

Marine Mammals (and Birds). Marine mammals can contribute significantly to the
background sounds in the acoustic environment of the Beaufort and Chukchi Seas; however,
frequencies and levels depend highly on seasons. For example, bearded seal sounds dominate
ambient noise in many Arctic areas during spring; source levels of bearded seal songs have been
estimated to be up to 178 dB re 1 pPa-m, with dominant frequencies of 1-2 kHz
(Cummings et al. 1983). Parts of some calls were recorded up to a distance of 25 km (16 mi)
underwater (Cleator et al. 1989). Ringed seal calls have a source level of 95-130 dB re 1 pPa-m,
with the most energy below 5 kHz (Thomson and Richardson 1995). Its source levels are low
compared with those of other marine mammals and the detection range may not exceed 1 km
(0.6 mi) (Cummings et al. 1984). Bowhead whales, which are present in the Arctic region from
early spring to mid- to late fall, produce sounds with estimated source levels ranging 128 to
189 dB re 1 pPa-m in frequency ranges from 20 to 3,500 Hz. Thomson and Richardson (1995)
summarized that most bowhead whale calls are “tonal frequency modulated (FM)” sounds at
50400 Hz. A few callings of bowhead whales are detectable up to 20 km (12 mi) away,
although most localizable whales are < 10 km (6.2 mi) away (Cummings and Holliday 1985;
Davis et al. 1985; Clark et al. 1986; LGL and Greeneridge 1987).

There are many other species of marine mammals in the arctic marine environment
whose vocalizations contribute to ambient sound including, but not limited to, the gray whale,
walrus, beluga whale, spotted seal, fin whale (in the southwestern areas), and, potentially but less
likely, the humpback whale. Walruses, seals, and seabirds (especially in the Chukchi Sea near
colonies) all produce sound that can be heard above water.

3.6.3.2 Sources of Anthropogenic Sound

The primary sources of anthropogenic sounds in the Arctic include vessel activities and
traffic, oil and gas activities, including seismic surveys, production, and other miscellaneous
activities. During much of the year in many marine areas, there are few near-field marine noise
sources of human origin and limited, but increasing, land-based and nearshore-based sources of
noise.

Anthropogenic sources of sound in the project area include vessels; navigation and
scientific research equipment; airplanes and helicopters; human settlements; military activities;
and marine development, including those sounds from the oil and gas activities. Ambient sound
levels from anthropogenic sources can also fluctuate temporally and spatially as much as
variations in natural sounds. Table 3.6.1-1 provides a comparison of man-made sound levels
from various sources and their typical source levels associated with the marine environment.

Vessel Activities and Traffic. The types of vessels that typically produce noise in the

Beaufort and Chukchi Seas include barges, skiffs with outboard motors, icebreakers, tourism and
scientific research vessels, and vessels associated with oil and gas exploration, development, and
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production. In the Beaufort and Chukchi Seas, vessel traffic and associated noise presently is
limited primarily to open water season between late spring and early autumn.

In shallow water, vessels more than 10 km (6.2 mi) away from a receiver generally
contribute only to background noise levels (Greene 1995). In deep water, traffic noise up to
4,000 km (2,485 mi) away may contribute to background noise levels. Shipping traffic is most
significant at frequencies from 20 to 300 Hz (Greene 1995). Barging associated with activities
such as onshore and limited offshore oil and gas activities, fuel and supply shipments, and other
activities contributes to overall ambient noise levels in some regions of the Arctic. Smaller
boats, such as aluminum skiffs with outboard motors during fall subsistence whaling and fishing
also generate noise, typically at a higher frequency around 300 Hz (Greene and Moore 1995).

Icebreaking vessels used in the Arctic for activities including research and oil and gas
activities produce louder, but also more variable, sounds than those associated with other vessels
of similar power and size (Greene and Moore 1995). Icebreaking noise is up to 15 dB higher
than when the same ship is underway in open water, primarily due to strong propeller cavitation.
However, physical crushing of ice contributes little to the overall increase in noise. In general,
spectra of icebreaker noise are wide and highly variable over time. Icebreaking generates
broadband (10-1,000 Hz) source levels of 184 and 191 dB re 1 uPa-m during movement ahead
and astern, respectively (Greene and Moore 1995). Even with rapid attenuation of sound under
heavy ice conditions, the elevation in noise levels attributed to icebreaking can be substantial out
to at least 5 km (3 mi). In some instances, icebreaking sounds are detectable from more than
50 km (31 mi) away.

Hovercraft can operate on open water or ice, and tracked or standard vehicles can often
operate on shore-fast ice. Recordings indicated that the hovercraft operating around the
Northstar Island generate strong in-air sounds, but were considerably quieter underwater than
conventional vessels of similar size (Blackwell and Greene 2005). Hovercraft have replaced
much of the helicopter traffic to the Northstar facility. At the closest point of approach (6.5 m
[21 ft]), underwater broadband (10-10,000 Hz) levels reached 133 and 131 dB re 1 pPa at depths
of 1 and 7 m (3 and 23 ft), respectively, with the peak near 87 Hz, which corresponds to the
blade rate of the thrust propeller.

In general, noise generated on ice is transmitted into the water directly below but does not
propagate well laterally (Greene and Moore 1995). For sources on ice, sound levels are affected
by ice conditions (temperature, snow cover) and are generally much lower than those generated
by vessels on water. Snow absorbs sound, and thus transmits less sound energy to water, and
water depth also affects sound transmission from sources on ice.

Northstar is the first offshore oil production island in the Beaufort Sea, which is located
about 19 km (12 mi) northwest of the Prudhoe Bay. Around the Northstar Island, vessels were
the main contributors to the underwater sound field. During both the ice-covered and the open
water seasons, helicopters and a hovercraft were used to transport personnel and equipment to
and from the Northstar Island (Richardson 2011). During the ice-covered season, tracked
vehicles and standard vehicles were additional modes of transportation over an ice road to the
Northstar Island. During the open water season, vessels such as tugs, self-propelled barges, crew
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boats, and other vessel operations (e.g., oil spill-response training) were additional modes of
transportation. Broadband sounds from vessel traffic were often detectable as much as 30 km
offshore. Sound measurements for the entire 2001-2010 late summer/early fall seasons
indicated that broadband (10-450 Hz) ambient levels ranged from 81 to 141 dB re 1 pPa at about
450 m (1,476 ft) north to northeast of Northstar.

Seismic Noise. The oil and gas industry in Alaska conducts marine (open water) surveys
(e.g., air gun array) in the summer and fall, and on-ice seismic surveys (e.g., Vibroseis) in the
winter to locate geological structures potentially capable of containing petroleum accumulations
and to better characterize ocean substrates or sub-sea terrain.

Air gun arrays are the most common source of seismic survey noise. Air guns produce
energy primarily at 10-120 Hz, with some energy up to 500-1,000 Hz, which is lower than low-
frequency energy but much higher than ambient noise levels. A typical full-scale air gun array
produces a broadband source level of 248-255 dBg.p re 1 uPa-m (Johnston and Cain 1981,
Greene 1985b), with the most powerful air gun array of 259 dBg-p re 1 uPa-m (Parrott 1991).
Typical seismic arrays being used in the Arctic produce source levels (sound pressure levels) as
high as 248 dBg.-p re 1 uPa-m (Greene and Richardson 1988).

While the seismic air gun pulses are directed toward the ocean bottom, sound propagates
horizontally for several kilometers (Greene and Richardson 1988; Hall et al. 1994). In waters
25-50 m deep, sound produced by air guns can be detected 50—75 km (31-47 mi) away, and
these detection ranges can exceed 100 km (62 mi) in deeper water (Greene and Moore 1995)
and, particularly during summer, over 3,000 km (1,864 mi) in the open ocean
(Nieukirk et al. 2004).

Vibroseis is a method of seismic profiling on shore-fast ice, usually over shallow water,
which propagates energy into the earth over an extended period of time, in contrast to the near-
instantaneous energy provided by impulsive sources. In this activity, hydraulically driven pads
mounted beneath a line of trucks are used to vibrate, and thereby energize, the ice. Noise
incidental to the activity is introduced by the vehicles associated with this activity. Greene and
Moore (1995) summarized that typical signals associated with the vibroseis sound source used
for an on-ice seismic survey sweep from 10 to 70 Hz, but harmonics extend to about 1.5 kHz.
Vibroseis produces source levels of about 187-210 dBg.p re 1 pPa-m and would reduce to the
ambient level at distances of 3.5-5 km (2-3 mi) (Holliday et al. 1984).

Noise from Other Oil and Gas Activities. Offshore exploration and production drilling
platforms (freestanding or drill ships) use machinery and equipment that emit noise into the
marine environment. While most of this noise is relatively localized, organisms can be attracted
to or be displaced away from these sites.

Onshore oil production facilities (and associated buildings, pipelines, roads, etc.) have
equipment (machinery and vehicles) or people that generate noise. As of 2008, there is no oil
production facilities in the Chukchi Sea. There is one operating oil production facility on an
artificial island and several others in planning and construction stages in the Beaufort Sea. There
are two other developments on causeways. While sounds originating from drilling activities on
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islands can reach the marine environment, noise typically propagates poorly from artificial
islands, as it must pass through gravel into the water (Greene and Moore 1995). During
unusually quiet periods, drilling noise from icebound islands with a low source level and low
frequency would be audible at a range of about 10 km (6 mi), when the usual audible range
would be about 2 km (1 mi). Broadband noise reduced to ambient levels within about 1.5 km
(0.9 mi), and low-frequency tones were measurable to about 9.5 km (6 mi) under low ambient
noise conditions, but were essentially undetectable beyond about 1.5 km (0.9 mi) with high
ambient noise. Much of the production noise from oil and gas operations on gravel islands is
substantially attenuated within 4 km (2.5 mi) and often not detectable beyond 9.3 km (6 mi)
away.

Based on sounds measurements of noise from Northstar obtained during March 2001 and
February—March 2002 (during the ice-covered season), Blackwell et al. (2004) found that
background levels were reached underwater at 9.4 km (6 mi) during drilling and at 3-4 km
(2—2.5 mi) without. Depending on the wind but irrespective of drilling, in-air background levels
were reached at 5-10 km (3-6 mi) from Northstar. Without vessels and under calm sea (sea
state < 1), median underwater sound from a gravel island like Northstar generally reached
background levels at about 2—4 km (1.2-2.5 mi) from Northstar (Richardson 2011).

3.6.3.2.3 Miscellaneous Sources. Acoustical systems are associated with some
research, military, commercial, or other vessel use of the Beaufort or Chukchi Seas. Such
systems include multi-beam sonar, sub-bottom profilers, and acoustic Doppler current profilers.
Active sonar is used for the detection of objects underwater. These systems range from depth-
finding sonar, found on most ships and boats, to powerful and sophisticated units used by the
military. Sonar emits transient, and often intense, sounds that vary widely in intensity and
frequency. Although not commonly used in the Arctic, acoustic pingers used for locating and
positioning oceanographic and geophysical equipment also generate noise at frequencies greater
than about 10-20 kHz. LGL Ltd. (2005) describes many examples of acoustic navigational
equipment.

Small snowmobiles are used for transportation on the North Slope (MMS 2008b). These
are noisy in air and create sounds at higher frequencies than larger, slower machinery. The
amount of sound passing through ice into the water below is expected to vary greatly depending
on snow, ice, and temperature conditions (Greene and Moore 1995).

The oil industry builds ice roads in winter to access areas that otherwise would be
inaccessible to large equipment. Ice-road construction begins after freezeup and is built over
tundra and shorefast ice to facilitate exploration and development while minimizing impacts
(MMS 2008b).

3.6.3.3 Climate Change Effects

Potential impacts of climate change on acoustic environment are relatively minor. Since

the sound attenuation rate depends on seawater acidity, it has been suggested that increasing
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ocean acidification resulting from rising anthropogenic CO2 emissions will result in decreased
sound absorption (Hester et al. 2008). Increases in underwater low-frequency noise have already
been reported, attributable largely to an overall increase in human activities, such as shipping,
that are unrelated to climate change (Andrews et al. 2002). In addition, reduced sea ice
associated with climate change could provide a longer open water season for shipping and
resource extraction, which could increase sound levels in the Beaufort and Chukchi Seas. Due
to the combined effects of decreased absorption, the anticipated increase in overall human
activities, and the longer open water season, ambient noise levels will increase considerably
within the auditory range of 10-10,000 Hz, which are critical for environmental, biota, military,
and economic interests (Hester et al. 2008). There will also be changes in frequency spectrum
distributions.

3.7 MARINE, COASTAL, AND OTHER ADJACENT HABITATS

A habitat is defined as an area or environment where an organism or ecological
community normally lives. Marine and coastal habitats occur as characteristic arrangements
of geologic, hydrologic, oceanographic, and biologic features and processes that create
environments favorable for the establishment, flourishing, and continued survival of the flora
and fauna of marine and coastal areas. This section focuses on the geologic, biologic and
oceanographic features that define marine and coastal habitats of particular concern. Habitats of
particular concern are so designated because of their ecosystem importance, their association
with high productivity and/or faunal populations, and/or their high scientific interest. These
habitats will be evaluated within an ecoregional geographic framework shown in Figure 3.7-1
and discussed in Section 3.2.

3.7.1 Coastal and Estuarine Habitats

3.7.1.1 Gulf of Mexico

Habitats are divided into coastal and marine categories. Coastal habitats occur in
estuarine areas along virtually the entire U.S. GOM coast. The EIS uses the EDAs from
NOAA'’s Coastal Assessment Framework (http://coastalgeospatial.noaa.gov/) database to show
the areas where the coastal habitats that are considered in the EIS are located (Figure 3.7-1).
Marine habitats occur seaward of the coastal habitats that occur within estuarine watersheds.
While a convenient boundary between coastal and marine habitats is the most seaward coastal
feature, which typically would be barrier islands or beaches in the GOM, the actual boundary
between predominantly coastal and predominantly marine habitats is a transition zone blurred by
the influence of estuarine discharges onto the continental shelf. Figure 3.7-1 shows that the
central coastal ecoregion estuarine influence extends to the edge of the continental shelf as a
result of the discharge of the Mississippi River, while it is much more restricted on the
continental shelf offshore Florida and Texas.
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GOM coastal habitats are associated with a nearly continuous estuarine ecosystem that is
made up of 31 major estuarine watersheds that extend across the coastal waters of the northern
GOM. Coastal and nearshore habitats of concern within these areas include barrier islands and
beaches, wetlands (marsh, bottomland swamp, mangrove, and scrub/shrub communities), and
seagrasses. These habitats occur within estuarine watersheds in and around bays, lagoons, and
river mouths where marine and fresh waters intermix. Coastal and nearshore habitats of the
GOM can be subdivided into three GOM Estuarine Ecoregions (Figure 3.7.1-1), each with
distinguishing characteristics, arrangements of habitat components, and freshwater inflows with
associated nutrient and sediment loads: a western coastal ecoregion, extending from near the
Mexico—Texas border to just east of the Louisiana border; the Central GOM Estuarine Region,
extending to just east of the Florida border; and the Eastern GOM Estuarine Region, extending to
the southern tip of Florida. These ecoregions are similar to the geographic/hydrologic regions of
Yanez-Arancibia and Day (2004) and are consistent with estuarine influenced zones identified on
the GOM continental shelf in the Marine Ecoregions of North America (CEC 2008).

Figure 3.7.1-1 emphasizes coastal habitats. It shows terrestrial, estuarine, and continental
shelf estuarine areas and values for fluvial and marine processes/quantities. Fluvial drainage
areas are shown because they depict the land area that drains into the estuarine portion of the
watershed. The estuarine drainage areas show where coastal habitats potentially affected by
OCS oil and gas activities occur. While OCS activities would not be expected to extend
upstream into the terrestrial portion of the watershed, the terrestrial watershed characteristics
have important influences on estuarine habitats. Terrestrial discharges introduce dissolved and
suspended materials into estuarine and marine waters that can serve either as nutrients that enrich
marine and coastal productivity or as pollutants that degrade habitat quality. The terrestrial
discharges also carry suspended and bed load sediments from the land into estuarine areas where
they are redistributed through the coastal zone to provide the substrate for many coastal habitats.
Marine processes are also at work on the seaward side of estuarine areas through the action of
waves, tides, and currents. These processes affect the redistribution of terrestrial sediments in
the coastal zone, coastal erosion and deposition patterns, and mixing of fresh and salt water
within the coastal zone and onto the continental shelf. To a large degree, the variations in the
interactions among these terrestrial and marine processes and properties within the GOM explain
the distinctions among the three coastal ecoregions that characterize the northern GOM.

Figure 3.7.1-1 indicates that marine processes affecting estuarine habitats, such as tidal
range, wave height, and longshore sediment transport, are fairly uniform across the GOM coast.
In contrast, there is substantial variation in terrestrial drainage properties among the coastal
ecoregions. Fluvial discharge, for example, varies by a factor of over 25 across the three coastal
ecoregions. The effect of the amount of fresh water discharged through the central GOM
estuarine costal ecoregion is apparent on Figure 3.7.1-1, which shows the entire continental shelf
area offshore of the Mississippi River delta as being estuarine influenced compared to smaller
estuarine areas on the continental shelf offshore of the eastern and western coastal ecoregions.

The sizes and configurations of the fluvial drainage areas also affect governance issues
that would apply to managing coastal environments and habitats and present and future programs
for mitigating and restoring coastal habitats there. The central coastal fluvial drainage area is
sub-continental in size and under the jurisdiction and regulatory authority of numerous state
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governments, federal agencies, and interagency programs. Furthermore, the hydrology of the
Mississippi River system in the central GOM fluvial drainage area supports numerous
navigational, agricultural, recreational, and industrial activities and enterprises that together
create a complex set of governance and trade-off issues that would affect the management of
coastal and marine habitats there. The western and eastern fluvial drainage areas, in contrast, are
nearly contained within the boundaries of a single State, which would act to simplify governance
issues affecting coastal habitat management there.

3.7.1.1.1 Barriers. Coastal barrier landforms consist of barrier islands, major bars, sand
spits, and beaches that extend across the nearshore waters from the Texas—Mexico border to
southern Florida. These elongated, narrow landforms are composed of sand and other
unconsolidated, predominantly coarse sediments that have been transported to their present
locations by rivers, waves, currents, storm surges, and winds.

Coastal landforms are transitory in nature and are constantly being modified by the same
forces that led to their original deposition. The GOM coast shoreline is constantly changing as a
result of the action of wind-driven waves and longshore currents that cause sediment transport.
The coastline has a narrow tidal range, and energy forces tend to be storm dominated, with
episodic high wave energy. These landforms are continually modified by waves, currents, storm
surges, and winds. Coastal currents in the GOM transport sediments in a counter-clockwise
direction from east to west, and contribute to sediment accretion as well as erosion of coastal
landforms. Over extended periods of time, landforms may move landward (transgressive),
seaward (regressive), or laterally along the coast. Sediments are also transported to coastal areas
from rivers that discharge to the GOM. Barrier islands and sand spits protect wetlands and other
estuarine habitats located behind them from the direct impacts of the open ocean, and slow the
dispersal of freshwater into the GOM, thus contributing to the total area and diversity of
estuarine habitat.

On barrier landforms, the nonvegetated foreshore slopes up from the low-tide line to the
beach berm-crest. The backshore is found between the beach berm-crest and the dunes, and it
may be sparsely vegetated. The berm-crest and backshore may occasionally be absent because
of storm activity. The dune zone of a barrier landform consists of one or more low dune ridges
that may be stabilized by vegetation such as grasses and scrubby woody vegetation. During
storms, waves can overwash lower barrier landforms, and vegetation communities on these are
often sparse and in early successional stages. On higher, more stabilized landforms, vegetation
behind the dunes consists of scrubby woody vegetation, marshes, and maritime forests.

Fresh- and saltwater ponds may occur on landward flats or between dunes. On the landward side
of islands and spits, low flats grade into intertidal wetlands or mudflats.

Barrier islands are prevalent along the Texas coast from the Bolivar Peninsula southward
to the Mexican border. Barrier islands and sand spits present in this region of the Texas coast
were formed from sediments supplied by major deltaic headlands. The barrier islands in this
region are arranged symmetrically around old, eroding delta headlands, and tend to be narrow
and sparsely vegetated, exhibiting a low profile with numerous washover channels. The barrier
islands and beaches are moving generally to the southwest. Net coastal erosion has been

Affected Environment 3-95



O©oo~NOoO ol WwN -

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

occurring in some areas. Inland beaches of sand and shells are found along the shores of bays,
lagoons, and tidal streams.

The Chenier Plain is transitional between the Central estuarine ecoregion, which is
heavily influenced by the Mississippi River delta building processes, and the Western estuarine
ecoregion, where the river influence greatly diminishes. Most barrier shorelines of the
Mississippi River Delta complex in Louisiana occur along the outward remains of a series of old
abandoned river deltas and are transgressive. Only a minor portion of the sediments of the
Mississippi River, now channelized, enter longshore currents and contribute to barrier landforms.
Most dune areas of the delta consist of low single-line dune ridges that are sparsely to heavily
vegetated, depending on the length of time between major storms.

Short time intervals between storms can cause reductions in the size and resiliency of
barrier islands and shorelines. Although barrier islands and shorelines have some capacity to
regenerate over time, the process is very slow and often incomplete. The past decade has seen an
increase in tropical storm activity for the project area. Figure 3.7.1-2 shows hurricane landfalls
from 1994 to 2009. Hurricane Katrina in 2005 caused severe erosion and land loss for the
coastal barrier islands of the Deltaic Plain. Hurricane Katrina was the fifth hurricane to impact
the Chandeleur Island chain in 8 yr. The Chandeleur Islands were reduced by Hurricane Katrina
from 14.6 km2 (5.64 mi2) to 6.5 km2 (2.5 mi2), and then to 5.2 km2 (2.0 mi2) by Hurricane Rita
(Di Silvestro 2006).

The Mississippi River Delta in Louisiana has the most rapidly retreating beaches in North
America. Most of the barrier beaches of southeast Louisiana are composed of medium to coarse
sand. Mudflats occur in lower intertidal areas. Gentle slopes of subtidal substrates in much of
the area reduce wave energies and erosion. The Statewide average shoreline retreat for 1956
1978 was 8.29 m/yr (27.2 ft/yr) (van Beek and Meyer-Arendt 1982). More recent analyses
reveal that Louisiana shorelines are retreating at an average rate of 4.2 m/yr (13.8 ft/yr) and
range from a gain of 3.4 m/yr (11.2 ft/yr) to a loss of 26.3 m/yr (86.2 ft/yr) (USGS 1988). In
comparison, the average shoreline retreat rates for the GOM, Atlantic seaboard, and Pacific
seaboard were reported at 1.8, 0.8, and 0.0 m/yr (5.9, 2.6, and 0.0 ft/yr), respectively. The
highest reported rates of Louisiana’s coastal retreat have occurred along the coastal plain of the
Mississippi River. Regressive shorelines occur, however, at the mouth of the Atchafalaya River,
where sediment discharges from that river are forming new deltas.

Wide beaches and a large dune system are located on the Alabama coast. The Mississippi Sound
barrier islands, along the coast of Mississippi and Alabama, have formed as a result of westward
sand migration resulting in shoal and sand bar growth (Otvos 1980). The islands are separated
from each other by fairly wide, deep channels, and are offset from the coast by as much as 16 km
(20 mi). They are generally regressive and stable in size, and slowly migrating westward in
response to the westward moving longshore current. These islands have high beach ridges and
prominent sand dunes, and sand shoals typically occur adjacent to the islands. The dunes and
margins of ponds on the islands are well vegetated, with mature southern maritime forests of
pine and palmetto behind some dunes areas. Although some of these islands may experience
washover during significant storms, washover channels are not common.
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Exceptions include a number of barrier islands of Mobile Bay’s ebb-tidal delta, portions
of which are low-profile transgressive islands frequently overwashed by storms. They
continually change shape under storm and tidal pressures. Their sands generally move
northwesterly into the longshore drift, nourishing beaches down drift. These sediments may also
move landward during flood tides (Hummell 1990).

Barrier islands and sand beaches occur along the southwest Florida coastline, north of the
Everglades, except in the Big Bend area. The Big Bend area, one of the lowest energy coastlines
in the world, is devoid of typical barrier islands and beaches. Because of the low energy and
minimal erosive forces, forested wetlands occur down to the water’s edge. The barrier islands
and mainland beaches of the Florida Panhandle typically are stable, with broad, high-profile
beaches backed by high dunes. The Florida Keys, at the southern tip of Florida, are limestone
islands, an unusual landform type that does not occur elsewhere in the GOM, and provide unique
habitats in the region (MMS 1996).

3.7.1.1.2 Wetlands. Wetland habitats along the coast of the GOM consist of fresh,
brackish, and salt marshes; mudflats; forested wetlands of bottomland hardwoods, cypress tupelo
swamps, and mangrove swamps. Wetland habitats may occupy only narrow bands along the
shore, or they may cover vast expanses of the coastline. Marshes and mangrove swamps are
primarily intertidal habitats. Forested wetlands are generally found inshore, above the tidal
influence. Coastal wetland areas of the GOM States are given in Table 3.7.1-1 and wetland
density is shown in Figure 3.7.1-3.

Coastal wetlands are characterized by high organic productivity, including the production
and export of detritus, and efficient nutrient recycling. They provide habitat for numerous
species of plants, invertebrates, fish, reptiles, birds, and mammals. Freshwater marshes generally
support a greater diversity of plant and animal species than do brackish and salt marshes.

TABLE 3.7.1-1 Gulf of Mexico Coastal Wetland Inventory

Estuarine Forested
State Marsh@ Scrub-Shrub?2  Scrub-Shrub? Total? % Total
Texas 183,900 1,100 3,000 188,000 14
Louisiana 723,500 4,100 1,900 729,500 55
Mississippi 23,800 400 - 24,200 2
Alabama 10,400 1,100 800 12,300 1
Florida 108,100 255,100 13,100 363,900 28
Total 1,041,700 261,800 18,800 1,319,900 -

a Measured in ha.

Source: EPA 1992.
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The coast of the Chenier Plain, which includes western Louisiana and eastern Texas from
the Bolivar Peninsula just north of Galveston Bay, is composed of sand beaches and extensive
intertidal mudflats. The mudflats are the result of mud and fine particles being transported from
the Mississippi and the Atchafalaya Rivers. A subtidal mud bottom extends a great distance
seaward in shallow water, reducing wave energy and resulting in minimal longshore sediment
transport (USDOI and USGS 1988), and helping to protect coastal wetland communities. The
shoreline is in a state of transgression (moving landward). Thin accumulations of sand, shell,
and caliche nodules form beaches that are migrating landward over tidal marshes. These beaches
have poorly developed dunes and numerous washover channels. Barrier beaches in the Chenier
Plain area are narrow, low, thin sand deposits present along the seaward edge of the coastal
marsh, and have poorly developed dunes and numerous washover channels. In some western
areas of the Chenier Plain, the beach and subtidal substrates are composed of shelly sand
(Fisher et al. 1973). Subtidal substrates in the eastern portions are mud and muddy sand. Most
of the shoreline of the Chenier Plain is sediment starved and transgressive.

Along the Texas coast, from the Mexican border to the Bolivar Peninsula, estuarine
marshes occur in discontinuous bands arund bays and lagoons, on the inner sides of barrier
islands, and in the deltas and tidally influenced reaches of rivers. Salt marshes, composed
primarily of smooth cordgrass (Spartina alterniflora), are evident nearest the mouths of bays and
lagoons in areas of higher salinities. Salt-tolerant species such as saltwort (Batis maritima) and
glasswort (Salicornia spp.) are among the dominant species. Brackish water marshes, some of
which are infrequently flooded, occur farther landward. Freshwater marshes occur along the
major rivers and tributaries, lakes, and catchments (White et al. 1986). Broken bands of black
mangroves (Avicennia germinans) also occur in this area (Brown et al. 1977; White et al. 1986).
Mud and sand flats occur around shallow bay margins and near shoals, increasing toward the
south as marshes decrease. Freshwater swamps and bottomland hardwoods are uncommon, and
do not occur in the southern third of this coastal area.

Localized sedimentation conditions have favored deposition in the area of the Chenier
Plain, which is a series of sand and shell ridges separated by progradational mudflats, marshes,
and open water lakes. Few tidal passes are located along the Chenier Plain, and the tidal
movement of saline water is reduced. Salt marshes are not widely distributed on the Chenier
Plain. They are generally directly exposed to GOM waters and are frequently inundated.
Brackish marshes are dominant in estuarine areas and are the most extensive and productive in
the Louisiana portion of this coastal area. Marsh-hay cordgrass (Spartina patens) is generally
the dominant species.

Freshwater wetlands are extensive on the Chenier Plain. While tidal influence is
minimal, these wetlands may be inundated by strong storms. Some inland freshwater marshes,
bottomland swamps, and hardwood forests were inundated by hurricane Rita with up to 1.5 m
(4 ft) of saltwater. Detritus tends to collect in freshwater marshes and may form thick
accumulations, sometimes forming floating marshes in very low energy areas. Forested wetlands
of cypress-tupelo swamps, black willow stands, and bottomland hardwoods occur only in the
floodplains of major streams.
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Wetlands in the Mississippi Deltaic Plain are associated with a series of overlapping
riverine deltas. These wetlands developed in shallow areas that received flow and sediments
from the Mississippi River. The effects of sea-level rise and high, natural subsidence of these
organically rich sediments are continually impacting these wetlands (van Beek and
Meyer-Arendt 1982). Extensive salt and brackish marshes occur throughout the southern half of
the plain and east of the Mississippi River. Farther landward, extensive intermediate and
freshwater marshes are found. In freshwater areas, cypress-tupelo swamps occur along the
natural levees and in areas that are impounded by dredged materials, levees, or roads.
Bottomland hardwoods occur on natural levees and in drained levee areas. Extensive freshwater
marshes, swamps, and hardwood forest also occur in Atchafalaya Bay in association with the
delta sediments. Sparse stands of black mangrove are scattered in some high-salinity areas of the
Mississippi Deltaic Plain.

Most marshes around Mississippi Sound and associated bays occur as discontinuous
wetlands associated with estuarine environments. The more extensive coastal wetland areas in
Mississippi are associated with the deltas of the Pearl River and Pascagoula River. The marshes
in Mississippi are more stable than those of either Alabama or Louisiana, reflecting a more stable
substrate and continued active sedimentation in the marsh areas. In Alabama, most of the
wetlands are located in Mobile Bay and along the northern side of Mississippi Sound. Forested
wetlands are the predominant wetland type along the coast of Alabama; large areas of estuarine
marsh and smaller areas of freshwater marsh also occur (Wallace 1996). Major causes of marsh
loss in Alabama have included industrial development, navigational dredging, natural
succession, and erosion-subsidence (Roach et al. 1987).

From 1956 to 2006, the land loss rate for coastal Louisiana was 69.7 km2/yr
(26.9 mi2/yr), for a total net loss of 3,494 km2 (1,349 mi2) (Barras et al. 2008). The net land loss
rate has declined, however, from previous years: a loss of 562 km?2 (217 mi2) from 20012006,
at 16.4 km2/yr (6.3 mi2/yr) from 2001 to 2004, and 256.4 km2/yr (99.0 mi2/yr) from 2004 to
2006. Although the net land loss rate is expected to continue to decline from 2000 to 2050,
averaging 26.7 km?2/yr (10.3 mi2/yr), Louisiana can be expected to lose about 1,329-1,813 km?
(513-700 mi?) of coastal wetlands over that time period, in spite of predicted gains from natural
processes and current restoration projects (Johnston 2003; USGS 2003; LCWCRTF 2003;
COE 2004). Historic and projected future land losses for coastal Louisiana (developed before
hurricanes Katrina and Rita) are shown in Figure 3.7.1-4.

Losses of coastal wetlands have been occurring along the GOM coast for decades,
resulting in the conversion of wetland habitats to open water. Coastal land loss is a particular
problem in Louisiana. Many factors contribute to the coastal land loss problem there, including
the effects of large storm events, subsidence, sea-level rise, saltwater intrusion, drainage and
development, canal construction, herbivory, sediment deprivation, reduced flooding, and induced
subsidence and fault reactivation. Upstream alterations of the Mississippi River drainage system
are factors of particular importance because the construction of dams on upstream tributaries has
resulted in approximately a 50% reduction in sediment load transported to the GOM (Turner and
Cahoon 1988), and flood control levees constructed along the Mississippi River have prevented
seasonal overbank flooding and sediment deposition in coastal marshes. Projects undertaken
through the Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA, or Breaux
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(Barras et al. 2008)

Act) program (LCWCRTF 2003), Coast 2050 Plan (LCWCRTF 1998), and Louisiana Coastal
Area Plan (USACE 2004c) are designed to contribute to ecosystem-scale restoration and
sustainability.

Land losses along the Louisiana coast result from numerous factors, some of which are
relatively recent in origin, while others have been ongoing for many years. Coastal wetlands are
lost due to the effects of large storm events, and erosion of barrier islands reduces wetland
protection (LCWCRTF 2001). In addition, hydrologic alterations have resulted in changes in
salinity and inundation, causing a dieback of marsh vegetation and a subsequent loss of substrate
(LCWCRTF 2001). The sediment load of the Mississippi River has been reduced by about 50%
since the 1950s as a result of upstream tributary dam construction and reduced soil erosion in the
watershed. Furthermore, levees constructed along the Mississippi River have, for many years,
prevented seasonal overbank flooding and the sediment deposition in coastal marshes. The
Louisiana coastal marshes require an adequate addition of sediment annually to continue
building vertically in pace with ongoing subsidence and sea level change (LCWCRTF 1998,
2003; COE 2004). As a result, coastal marshes are being converted to open water.

Subsidence is a natural process resulting from the compaction of highly organic sediment
deposits underlying the coastal marshes, and has been occurring for centuries. The rate of
subsidence is 0.15-1.31 m (0.49-4.30 ft) per century in the delta area and 0.08-0.61 m
(0.26-2.00 ft) per century on the western Louisiana Coast (COE 2004). The rise in sea level is
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attributed to the melting of ice sheets and glaciers, and increased ocean temperatures, induced by
global climate change. Sea levels have risen 0.12 cm/yr (0.05 in./yr) over the past century, and
may rise as much as 20 cm (7.9 in.) by 2050 (LCWCRTF 1998, 2001; COE 2004). Relative
sea-level rise is a combination of the rise in sea level and local subsidence, and the average rate
is currently estimated to be 1.03-1.19 m (3.38-3.90 ft) per century along the Louisiana Coast
(COE 2004). The rate of relative sea-level rise on the deltaic plain is occurring at a higher rate
than in most coastal areas, and the rapid rise in relative sea level exacerbates the effects of
reduced sedimentation in the wetlands.

Numerous canals have been constructed within the coastal marshes for navigation and
shoreline access and, because of widening over time, contribute to the breakup of marsh
(LCWCRTF 2003). Spoil banks along the canals cover wetland areas and prevent the effective
draining of adjacent areas, resulting in higher water levels or more prolonged tidal inundation.
Canals also create a means for salt water intrusion into brackish and freshwater wetlands and
increased tidal processes, resulting in shifts in species composition, habitat deterioration, erosion,
and wetland loss (LCWCRTF 1998, 2003).

Marsh loss in Louisiana has also resulted from sudden marsh dieback, or brown marsh.
Large areas of coastal marsh vegetation have died, particularly in 2000 and 2009. Brown marsh
results from a combination of factors related to extensive drought conditions, primarily
reduced soil moisture combined with physical and chemical changes in the soil (Lindstedt and
Swenson 2006). Most areas affected in 2000 have recovered.

Induced subsidence and fault reactivation attributed to oil and gas extraction below the
coastal marshes have also been identified as causes of coastal wetland loss in some locations in
Louisiana (USGS 2001b; Morton et al. 2002, 2003). Large-volume extraction of hydrocarbon
fluids and formation water has likely caused compaction of the overlying rock strata and
downward displacement along nearby faults, resulting in land surface subsidence and conversion
of marsh to open water, particularly during the years of high petroleum production.

In coastal Louisiana, it is difficult to establish possible linkages from deep onshore and
nearshore hydrocarbon production to subsidence and wetland loss because wetland loss is
ubiquitous and caused by numerous processes and conditions, both natural and anthropogenic
(Morton et al. 2002). Thus, it is increasingly complex and difficult to establish the extent to
which onshore subsidence and land loss is caused by hydrocarbon fluids and formation water
extraction in offshore Federal waters.

A number of coastal habitat protection and restoration projects have been initiated along
the GOM coast to address the issue of erosion and land losses. Many of these projects have
focused on rebuilding barrier islands and coastal beaches for shoreline maintenance, as well as
protection of coastal salt marshes. Modern techniques for navigation channel dredging and
maintenance use the dredged sediments to nourish adjacent coastal landforms, minimizing
potential erosion impacts. The MMS, now BOEM, in cooperation with State and local agencies,
has been involved in developing habitat restoration projects using OCS sand resources.
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3.7.1.1.3 Seagrasses. Seagrass beds grow in shallow, relatively clear and protected
waters with predominantly sand bottoms. Their distribution depends on an interrelationship
among a number of environmental factors that include temperature, water depth, turbidity,
salinity, turbulence, and substrate suitability. Extensive areas of seagrass beds occur in exposed,
shallow subtidal coastal waters of the northern GOM and in protected, natural embayments.
Seagrasses are uncommon where freshwater inflow is high and salinities average less than
20 parts per thousand (ppt), as well as the upper portions of most estuaries. An estimated
3,000,000 ha (7,413,000 acres) of submerged seagrass beds exist in exposed, shallow coastal
waters of the northern GOM. An additional 166,000 ha (410,200 ac) are found in protected,
natural embayments. The area off Florida contains approximately 98.5% of all coastal
seagrasses in the northern GOM. Texas and Louisiana contain approximately 0.5% of coastal
seagrasses. Mississippi and Alabama have the remaining 1% of seagrass beds. Seagrass beds
provide habitat for a highly diverse group of marine species.

Hurricane impacts, such as the influx of salt water in low salinity estuaries, can produce
changes in seagrass community quality and composition. The distribution of seagrass beds in
coastal waters of the Western and Central GOM has diminished during recent decades. Primary
factors believed to be responsible include dredging, dredged material disposal, trawling, water
quality degradation, hurricanes, a combination of flood protection levees that have directed
freshwater away from wetlands, saltwater intrusion that moved growing conditions closer inland,
and infrequent freshwater diversions from the Mississippi River into coastal areas during the
flood stage.

Primarily because of low salinity and high turbidity, robust seagrass beds are found only
within a few scattered, protected locations in the Western and Central GOM, although seagrass
meadows occur in nearly all bay systems along the Texas coast. Seagrasses in the Western
GOM are widely scattered beds in shallow, high-salinity coastal lagoons and bays. Lower-
salinity, submerged beds of aquatic vegetation are found inland and discontinuously in coastal
lakes, rivers, and the most inland portions of some coastal bays. The distribution of seagrass
beds in coastal waters of the Western and Central GOM has diminished during recent decades.

The turbid waters and soft, highly organic sediments of Louisiana’s estuaries and
offshore areas limit widespread distribution of higher salinity seagrass beds. Consequently, only
a few areas in offshore Louisiana support seagrass beds. In Mississippi and Alabama, seagrasses
occur within the Mississippi Sound. Widgeon grass (Ruppia maritima), an opportunistic species,
is tolerant of low salinities and occurs in some estuaries.

3.7.1.1.4 Climate Change Effects. Coastal habitats would be affected by global climate
change. Factors associated with global climate change include changes in temperature, rainfall,
alteration in stream flow and river discharge, wetland loss, salinity, sea level rise, changes in
hurricane frequency and strength, sediment yield, mass movement frequencies and coastal
erosion, and subsidence (Yanez-Arancibia and Day 2004). Effects of sea level rise include
damage from inundation, floods, and storms; erosion; saltwater intrusion; rising water
tables/impeded drainage; and wetland loss and change (Nicholls et al. 2007). Effects of
increased storm intensity include increases in extreme water levels and wave heights, and
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increases in episodic erosion, storm damage, risk of flooding, and defence failure

(Nicholls et al. 2007). Patterns of erosion and accretion can also be altered along coastlines
(Nicholls et al. 2007). The small tidal range of the GOM coast increases the vulnerability of
coastal habitats to the effects of climate change. A study of coastal vulnerability along the entire
U.S. GOM coast found that 42% of the shoreline mapped was classified as being at very high
risk of coastal change due to factors associated with future sea-level rise (Thieler and Hammar-
Klose 2000). A revised coastal vulnerability index (CVI) study of the coast from Galveston,
Texas, to Panama City, Florida, indicated that 61% of that mapped coastline was classified as
being at very high vulnerability, with coastal Louisiana being the most vulnerable area of this
coastline (Pendleton et al. 2010) (see Figure 3.7.1-5, which shows the CVIs of Pendleton et al.
[2010] from Galveston to Panama City, and CVIs of Thieler and Hammar-Klose [2000] for the
remainder of the coast).

Saltwater intrusion/increased salinity and sea level rise can result in mortality of salt-
intolerant species, resulting in reductions in habitat area and changes in species composition of
coastal habitats. Effects observed include declines in coastal bald cypress (Taxodium disticum)
forests in Louisiana and migration of mangroves into adjacent wetland communities in Florida
(Nicholls et al. 2007). In some areas, existing plant communities may be displaced farther inland
(Nicholls et al. 2007). Enhanced coastal erosion, coastal flooding, and loss of coastal wetlands,
particularly in Louisiana and Florida, are projected impacts of sea level rise and increased
frequency of storm surges, both of which are associated with climate change (IPCC 2002).

Land losses would likely increase due to the effects of climate change. The acceleration
of sea level rise and increases in storm intensity as a result of climate change would exacerbate
the current level of coastal land loss in the Mississippi deltaic plain, an already expected
additional loss of 1,300 km2 (501.9 mi2) if current global, regional, and local processes continue
(Nicholls et al. 2007). Recent rates of sea level rise have been approximately 3 mm/yr
(0.12 in./yr), but this rate may increase to 4 mm/yr (0.16 in./yr) by 2100 (Blum and
Roberts 2009). Combined with potential rates of subsidence in the area of the Mississippi Delta
Plain, relative sea level rise may range from 0.5 to 1.4 m (1.6 to 4.6 ft) by 2100 (Blum and
Roberts 2009). In the absence of sediment input, resulting submergence in the delta region could
range from 10,000 to 13,500 km?2/yr (3,861 to 5,212 mi2/yr) by 2100 (Blum and Roberts 2009).

3.7.1.1.5 Effects of Deepwater Horizon Event. Oil released into coastal waters as a
result of the DWH event, April-July, 2010, affected more than 1,046 km (650 mi) of the GOM
coastal habitat, from the Mississippi River delta to the Florida panhandle, with the Louisiana,
Mississippi, Alabama, and Florida coasts all affected (OSAT-2 2011; National
Commission 2011). The greatest impacts were in Louisiana. More than 209 km (130 mi) of
coastal habitat were moderately to heavily oiled, only 32 km (20 mi) of which occurred outside
of Louisiana (National Commission 2011). Little or no oil affected Texas coastal habitats.
Heavy to moderate oiling occurred along a substantial number of Louisiana beaches, with the
heaviest oiling on the Mississippi Delta, in Barataria Bay, and on the Chandeleur Islands
(OSAT-2 2011). The majority of Mississippi barrier islands had light oiling to trace oil,
although heavy to moderate oiling occurred in some areas. Some heavy to moderate oiling also
occurred on beaches in Alabama and Florida, with the heaviest stretch of oiling extending from
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Dauphin Island, Alabama, to near Gulf Breeze, Florida (OSAT-2 2011). Light to trace oiling
occurred from Gulf Breeze to Panama City, Florida. Deposition of oil occurred in the supratidal
zone (above the high tide mark), deposited and buried during storm events; in the intertidal zone;
and in the subtidal zone, remaining there as submerged oil mats (OSAT-2 2011). On Grand Isle,
Louisiana, and Bon Secour, Alabama, oil was found up to 105 cm (41 in.) below the surface
(OSAT-2 2011). Although much of the oil remaining after cleanup is highly weathered, several
constituents have the potential to cause toxicological effects (OSAT-2 2011). Oil was also
deposited along the coast in marshes such as those of the Mississippi River Delta and Chandeleur
Sound, mudflats, and mangroves, oil contacted seagrass beds such as those behind the
Chandeleur Island chain, and submerged aquatic vegetation communities such as those in
Plaguemines and St. Bernard Parishes, Louisiana. These habitats also were also affected by
prevention and cleanup efforts (NOAA 2010). Loss of marsh habitat along its edge as a result of
oiling was observed. A full understanding of the effects of the spill is expected to take years but
is not needed at the programmatic stage to make a reasoned choice among alternatives

(see Section 1.3.1.1, Incomplete and Unavailable Information).

3.7.1.2 Cook Inlet

Coastal and nearshore habitats of concern within the Cook Inlet Planning Area include
beaches, marshes, tidal flats, scarps, riverine mouths/deltas, and marine algae. Coastal habitats
of Cook Inlet are given in Table 3.7.1-2. These habitats occur within estuarine watersheds in and
around bays, lagoons, and river mouths where marine and fresh waters intermix. Coastal and
nearshore habitats of Cook Inlet can be subdivided into two ecoregions (Figure 3.2.2-2), each
with distinguishing characteristics, arrangements of habitat components, and freshwater inflows
with associated nutrient and sediment loads: the Cook Inlet, extending from the northeastern
Alaska Peninsula to the southern tip of the Kenai Peninsula, and the Gulf of Alaska, extending
south along Kodiak Island and the Alaska Peninsula. These are based on the Level 111 Marine
Ecoregions of the Commission for Environmental Cooperation (CEC 2008). Four terrestrial
ecoregions are located along the coast of the Cook Inlet Planning Area: the Cook Inlet, the
Alaska Range (along the southwestern coastline), Coastal Western Hemlock-Sitka Spruce
Forests (on the southeastern coastline and northern Kodiak Island), and the Alaska Peninsula
Mountains (along the Alaska Peninsula and southern Kodiak Island) (USEPA 2011e).

In Cook Inlet, the amount of sea ice varies annually. In general, sea ice forms in October
to November, increases from October to February from the West Foreland to Cape Douglas, and
melts in March to April. Sea-ice formation is controlled in upper Cook Inlet primarily by air
temperature and in lower Cook Inlet by the temperature and inflow rate of the Alaska Coastal
Current (Poole and Hufford 1982).

Coastal forest occurs along much of Alaska’s south central coast and on the coastal
islands, and is predominantly evergreen forest composed of Sitka spruce and western hemlock
(BLM 2002). Deciduous forest occurs primarily along floodplains, streams, and in disturbed
areas. Many areas around Cook Inlet also support white spruce and black spruce forest, as well
as wet tundra, referred to as “muskegs,” with sedges, mosses, and scattered shrubs
(ADNR 1999). Also occurring along or near the shoreline are forested wetlands, wetlands with
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TABLE 3.7.1-2 Coastal Habitats of the Cook Inlet Planning Area

Habitat: ESI Rank

Habitat Area and
Shoreline Length

Salt- and brackish-water marshes: 10A
Sheltered tidal flats: 9A

11,338 mi2; 672 mi
104,977 mi2; 356 mi

Sheltered scarps in mud or clay: 8A 279 mi
Exposed tidal flats: 7 280,010 mi2; 426 mi
Gravel beaches: 6A 167 mi
Mixed sand and gravel beaches: 5 317 mi2; 792 mi
Coarse-grained sand beaches: 4 36 mi

Fine- to medium-grained sand beaches: 3A 7 mi
Exposed wave-cut platforms in bedrock, mud, or clay: 2A 10,252 miZ; 449 mi
Exposed, solid man-made structures: 1B 1mi
Exposed rocky shores: 1A 25 mi2; 284 mi

emergent vegetation, and shrub wetlands that are not tidally influenced but that have saturated
soils or are flooded seasonally or continuously (BLM 2002).

Extensive freshwater marshes and salt marshes composed of sedge and grass wet
meadow communities occur on river deltas along the coast. Coastal habitat in the Gulf of Alaska
includes several large estuaries and wetlands (MMS 2002c).

In some areas of the south Alaskan coastline, numerous peninsulas and islands with
irregular shorelines form bays, lagoons, and steep prominences (BLM 2002). Much of the
shoreline consists of steep slopes with a narrow zone of tidal influence.

Coastal habitats throughout the Gulf of Alaska, including Cook Inlet, include intertidal
and shallow subtidal communities (O’Clair and Zimmerman 1986). Intertidal wetlands include
unvegetated rocky and soft sediment (sand or mud) shores, as well as coastal salt marshes with
emergent vegetation and wetlands with submerged or floating vegetation (BLM 2002). These
wetlands are all periodically inundated or exposed by tides. Large areas of soft-sediment shores
are common in Cook Inlet (McCammon et al. 2002). Salt marshes and other wetlands occur
throughout the coastal margins of the Cook Inlet (ADNR 1999).

Submerged or floating vegetation community types in estuaries include eelgrass
communities and marine algae communities (BLM 2002). Eelgrass communities are
common in protected bays, inlets, and lagoons with soft sediments (Viereck et al. 1992;
McCammon et al. 2002). Marine algae communities often occur along exposed rocky shores on
much of the coast (Viereck et al. 1992). Large kelps form dense communities in shallow subtidal
areas along much of the Gulf of Alaska coast (McCammon et al. 2002). Marine algae
communities dominate the low intertidal areas, to about 3 m (10 ft) in depth, and do not occur
below about 5 m (16 ft) in depth (MMS 2003a).
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Coastal salt marshes occur on soft sediments along low-energy shorelines. Coastal
marshes may contain a number of vegetation community types that are tidally influenced,
ranging from irregularly exposed to irregularly inundated (BLM 2002). The higher areas of
coastal marshes may support sedge-scrub wet meadow communities (Viereck et al. 1992). These
communities are not generally inundated by tides, but may be flooded during storm surges.
Upper areas of coastal marshes may also support a hairgrass community (ADNR 1999).

The lower, outer areas of coastal salt marshes typically consist of sedge and grass
communities (Viereck et al. 1992). The inland portion of these marshes often includes the taller
and denser communities of salt-tolerant sedges. The seaward margin often adjoins a sparse
community of salt-tolerant alkali grass, often associated with salt-tolerant forbs
(Viereck et al. 1992). Halophytic herb wet meadow communities occur in early successional
stages on seaward portions of beaches and coastal marshes where inundation occurs at least a
few times per month (Viereck et al. 1992).

Brackish ponds occasionally occur within coastal marshes of deltas, tidal flats, and bays
(BLM 2002; Viereck et al. 1992). These communities occur in shallow water and are
periodically inundated by tides.

Coastal habitats along Cook Inlet are vulnerable to the effects of climate change. Sea
level rise is expected to increase, inundating low-lying coastal habitats (Nicholls et al. 2007).
Climate change is also expected to result in an increase in the incidence of pests and diseases,
which could result in increased forest tree mortality (Anisimov et al. 2007).

Dynamic tidal currents in the inlet are related to the vulnerability of shoreline
communities and their sensitivity to disturbance. The overall environmental sensitivity of Cook
Inlet shorelines has been ranked independently by NOAA, the Alaska Regional Response Team,
and recently by the Exxon Valdez Oil Spill Trustees/Cook Inlet Regional Citizens Advisory
Council (Harper et al. 2004). In general, the vulnerability of shoreline habitats is rated as low if
the shoreline substrate is impermeable (rock) and exposed to high wave energy or tidal currents,
and is rated as high for vegetated wetlands and semipermeable substrates (mud) that are sheltered
from wave energy and strong tidal currents. Sensitive shoreline habitats identified in lower Cook
Inlet include marshes, sheltered tidal flats, sheltered rocky shores, and exposed tidal flats
(NOAA 1994) (see Table 3.7.1-2). A study of the recovery rate of organisms on sheltered rocky
shores in Cook Inlet concluded that 5-10 yr would be needed for full recolonization of rocky
shorelines (Highsmith et al. 2001). Ongoing Exxon Valdez oil spill studies have shown that
traces of spilled oil have persisted in Prince William Sound shoreline sediments and intertidal
organisms for more than a decade (Short 2004; MMS 2003a).

3.7.1.3 Alaska — Arctic
Arctic coastal and nearshore habitats of concern include barrier islands and beaches, low
tundra, marshes, tidal flats, scarps, peat shorelines, and marine algae. These habitats occur

within estuarine watersheds along the coastline and in and around bays, lagoons, and river
mouths where marine and fresh waters intermix. Coastal and nearshore habitats of the Arctic
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region can be subdivided into two ecoregions (Figure 3.2.2-3), each with distinguishing
characteristics, arrangements of habitat components, and freshwater inflows with associated
nutrient and sediment loads: the Chukchian Neritic Ecoregion, extending from near Point Hope
to near Cape Lisburne, and the Beaufortian Neritic Ecoregion, extending from near Cape
Lisburne to the border of Canada. These are based on the Level 1l Marine Ecoregions of the
Commission for Environmental Cooperation (CEC 2008). Most of the coastline along the
Chukchi Sea Planning Area, from near Cape Lisburne to near Point Barrow, lies within the
Beaufortian Neritic Ecoregion. Two terrestrial ecoregions are located along the arctic coast: the
Arctic Foothills, from Kotzebue to near Cape Beaufort, and the Arctic Coastal Plain, from near
Cape Beaufort to near the border of Canada (USEPA 2011e).

The fluvial discharge and freshwater flow into the Beaufortian ecoregion is much larger
than the flow into Chukchian ecoregion. Fluvial discharge into the Chukchian ecoregion is
relatively limited, with the Kukpuk River being the only major river system present, although
there are numerous named and unnamed streams discharging into the Chukchi Sea. Numerous
large rivers, such as the Kukpowruk River, Utukok River, and Kuk River along the Chukchi Sea,
and the Colville River, Kuparuk River, Sagavanirktok River, and Canning River along the
Beaufort Sea, discharge into the Beaufortian ecoregion.

Stream flows generally begin in late May or early June as a rapid flood event, with more
than half of the annual discharge of a stream sometimes occurring over a period of several days
to a few weeks (MMS 2008). Fluvial discharges introduce dissolved and suspended materials
into estuarine and marine waters that can serve either as nutrients that enrich marine and coastal
productivity or as pollutants that can degrade habitat quality. Human society sometimes
discharges into the environment constituents that also occur naturally in the ecosystem. These
anthropogenic discharges, however, are different than the biogenic sources because they occur in
greater concentrations and often suddenly; the chemical bondings are different than what is
found in the natural system; the discharges occur outside the area where they would naturally
occur; or they occur out of phase of the natural cycle of the same biogenic contributions to the
system. Examples of anthropogenic constituents include sediment, metals, and hydrocarbons
(see Section 3.4.3 for a further discussion of water quality). The fluvial discharges also carry
suspended and bed load sediments that when deposited at the river mouths and redistributed
through the coastal zone provide the substrate and foundation for many coastal habitats.

Arctic coastal habitats are greatly influenced by a short growing season and extremely
cold winters. The onshore sediments are frozen during most of the year and are underlain by
permafrost (permanently frozen soil). Growth and even biodegradation in coastal habitats are
limited to only a few months per year (Prince et al. 2002).

Although differences exist in fluvial discharge, the coastal and estuarine habitats of both
ecoregions are greatly affected by the dynamics of sea ice. The arctic coastline is highly
disturbed due to the movement of sea ice that frequently is pushed onshore, scouring and
scraping the coastline. Sea ice dominates the coastal habitats during most of the year. Landfast
ice, which is attached to the shore and freezes to the seafloor (grounded ice) in shallow water up
to 2 m (7 ft) in depth, is relatively immobile (MMS 2010); however, landfast ice along the
Chukchi Sea coast is not as stable as along the Beaufort Sea coast (MMS 2008b). Onshore

Affected Environment 3-110



O©oo~NOoO ol WwN -

26

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

pileups of ice often extend up to 20 m (66 ft) inland from the shoreline, while rideups of
unbroken ice sheets over the ground surface occasionally extend more than 50 m (164 ft) and
rarely beyond 100 m (328 ft) (MMS 2008b). Landfast ice begins forming in late October to late
December along the Chukchi Sea, with breakup in late May to mid-June (MMS 2010); in the
Beaufort Sea, landfast ice begins forming in September to October, with breakup beginning in
early June to early July (MMS 2008b). The areal extent of sea ice in the Arctic has substantially
decreased over the past several decades (MMS 2010). Decreases in ice cover can increase wave
action and shoreline erosion. The duration of landfast ice has also decreased, with ice breaking
up earlier in the spring (MMS 2008Db).

Coastal habitats of the Arctic ecoregions are given in Table 3.7.1-3, with general
characteristics in Table 3.7.1-4. The coastline of the Beaufort Sea includes eroding bluffs, sandy
beaches, lower tundra areas with some saltwater intrusions, sand dunes, sandy spits, and
estuarine areas where streams enter the Beaufort Sea (MMS 2002b, 2003b). The Chukchi Sea
coastline consists of nearly continuous sea cliffs cut into permafrost (MMS 2010). While the
cliffs are abutted by narrow beaches along most of the coastline, in some areas, barrier islands
enclose shallow lagoons. Barrier islands occur along the Beaufort and Chukchi Sea coastlines
and also support tundra communities. These islands are generally narrow (less than 250 m
[820 ft] wide) and low-lying (less than 2 m [7 ft] in elevation) and are washed over in large
storms (MMS 2003b). Deltas of the Colville, Sagavanirktok, Kadleroshilik, and Shaviovik
Rivers support a complex mosaic of wet arctic saltmarsh, dry coastal barrens, salt-killed tundra,
typical moist and wet tundra, and dry, partially vegetated gravel bars.

TABLE 3.7.1-3 Length of Coastal Habitats (mi) of the Alaskan Arctic Ecoregions

Chukchian Beaufortian
Habitat: ESI Rank Ecoregion? Ecoregion

Salt- and brackish-water marshes: 10A - 88
Inundated low-lying tundra: 10E - 763
Sheltered tidal flats: 9A - 24 mi22; 394
Sheltered, vegetated low banks: 9B - 225
Peat shorelines: 8E - 283
Sheltered scarps in mud or clay: 8A - 1
Exposed tidal flats: 7 - 196
Riprap: 6B <1 1
Gravel beaches: 6A 2 13
Mixed sand and gravel beaches: 5 76 488
Coarse-grained sand beaches: 4 - 72
Tundra cliffs: 3C - 338
Fine- to medium-grained sand beaches: 3A - 393
Exposed wave-cut platforms in bedrock, mud, or clay: 2A - -
Exposed, solid man-made structures: 1B - <1
Exposed rocky shores: 1A 18 19

& Square mileage represents total habitat area.
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TABLE 3.7.1-4 Characteristics of Coastal Habitats of the Alaskan Arctic Ecoregions

Habitat Chukchian Ecoregion Beaufortian Ecoregion

Barrier beaches and Narrow beaches along coastline, Narrow beaches along coastline; lower

islands predominantly fronting steep cliffs cut  cliffs, where present, cut in bedrock
in bedrock, up to 260 m (853 ft) high (south of Utukok River) or perennially
at Cape Lisburne (MMS 2007c). frozen ice-rich sediments (MMS 2007c).
Barrier islands occur only at Point Barrier islands, typically enclosing
Hope at Marryat Inlet/Kukpuk River lagoons, frequent along Chukchi and
delta and nearby Aiautak Lagoon; Beaufort Sea coasts, some, such as at
nearly continuous, composed of sand Kasegaluk Lagoon, <3 m (10 ft) relief,
and gravel. and <2 m (7 ft) in Beaufort. Coastal

relief along these marine depositional
areas is generally <5 m (16 ft). Much of
coast eroded by ice, waves, and currents,
but active wave erosional coast is rare
along Chukchi Sea where cliffs are
generally <1 m (3 ft) high.

Wetlands Little wetland occurrence along Estuarine wetland systems occur in
coastline except along Point Hope. enclosed and protected bays along the
Chukchi Sea shoreline.

Large estuarine wetland complexes in
Chukchi Sea lagoons and other well
protected areas, such as Omalik Lagoon,
Kasegaluk Lagoon, Icy Cape, Peard Bay,
Wainwright Inlet; include sand/silt flats
and brackish-water sedge marshes.

Few, scattered narrow marshes along
remainder of coastline

Marine algae - Few known beds along coast, on hard
bottom substrates; includes many species
of macroalgae, e.g., 15 at the Stefansson
Sound Boulder Patch; community
dominated by a few common species
(lken 2009). Present along Chukchi Sea
in Kasegaluk Lagoon, Peard Bay, near
Skull Cliffs, and 25 km (16 mi) southwest
of Wainright, in 11-13 m (36443 ft)
water.

Source: MMS 2007c; Iken 2009.

Affected Environment 3-112



O©oo~NOoO ol WwN -

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

Marine algae communities occur on hard bottom substrates in several areas along the
Chukchi Sea coast, such as in Peard Bay, or southwest of Wainwright at a depth of 11-13 m
(36-43 ft) (MMS 2010). The distribution and extent of these communities are likely limited by
the presence of rock and other hard substrate (MMS 2010). Few known beds occur along the
Beaufort Sea coast. These communities include many species of macroalgae (e.g., 15 species at
the Stefansson Sound Boulder Patch); however, the community is dominated by a few common
species (Iken 2009).

Several estuarine habitats within shallow bays, inlets, and lagoons occur along the
Chukchi Sea coastline, including Kasegaluk Lagoon, Wainwright Inlet, Peard Bay, and Kugrua
Bay (BLM and MMS 2003). These areas often have low-energy sand beaches and wetlands
along their margins, and some support communities of marine algae, such as sea lettuce
(Ulva spp.). Kasegaluk Lagoon is usually ice covered from mid-September through mid-July.
During the summer, many animals concentrate around the passes between the ocean and the
shallow lagoon.

Salt marshes occur along the arctic coastline and support emergent vegetation
communities. These coastal marshes are intertidal wetlands exposed at low tides and inundated
by high tides and storm surges. The arctic coastline experiences tides of small fluctuation, 6 to
10 cm (2.4 to 4 in.) along the Beaufort Sea (MMS 2003b); however, coastal water levels are
driven primarily by wind stress and barometric pressure changes from the passage of storm
centers and frontal passages (Gill et al. 2011). Storm surge and water level withdrawal on the
coast can be considerable, about 1 m (3 ft) in amplitude (Gill et al. 2011). The Arctic coastline is
subject to strong erosive forces (BLM 2002; MMS 2002c). Disturbance from sea ice action is
common along the generally unstable and erosion-prone shoreline (MMS 2002c). Arctic coastal
salt marshes are therefore smaller, often only a few meters in extent, and less common than on
south Alaskan coasts (Macdonald 1977; Viereck et al. 1992). The most extensive salt marsh
habitats along the coast occur in the deltas of the major rivers and a few protected bays.

The predominant community types of arctic coastal salt marshes are dense halophytic
(salt-tolerant) sedge wet meadow communities and sparse halophytic grass wet meadow
communities (Meyers 1985; Viereck et al. 1992; Funk et al. 2004). The former occur where tidal
inundation ranges from several times per month to once a summer, while the latter occur at lower
elevations under regular or daily inundation from tides.

Halophytic sedge wet meadow communities often form the main body of the coastal
marsh. Soils are fine-textured silts and clays, often overlying sand or gravel. The shoreward
marsh community forms a broad transition zone with freshwater wetlands (Viereck et al. 1992).
The substrate is typically peat. The seaward margin is often adjacent to a halophytic grass wet
meadow community.

The seaward portions of beaches and areas of coastal marshes where inundation occurs at
least a few times per month support halophytic herb wet meadow communities
(Viereck et al. 1992). These also occur in brackish ponds within coastal marshes of deltas, tidal
flats, and bays (Viereck et al. 1992).
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The most important coastal estuarine wetlands along the Beaufort Sea coast include Elson
Lagoon, just east of Point Barrow; Fish Creek Delta; Colville River Delta; Simpson Lagoon;
Canning River Delta; Jago Lagoon—Hulahula River Delta; and Demarcation Bay. Along the
Chukchi Sea coast, the primary estuaries include Peard Bay, Kasegaluk Lagoon, and Point Hope
(MMS 2002c).

Nearshore areas of the Beaufort and Chukchi Seas are estuarine subtidal deepwater
habitat and are generally unvegetated (BLM 2002). However, dense marine algae communities
occasionally grow in shallow nearshore subtidal areas (less than about 11 m [36 ft) in depth) and
generally in protected areas (such as behind barrier islands and shoals) with hard substrates
(MMS 2003b).

Estuaries and coastal lagoons are characterized by large fluctuations in salinity and
temperature. Salinity can range from 180 parts per trillion (ppt) in winter to 1-32 ppt in summer
(Houghton et al. 1984). At ice breakup in spring, the large influx of freshwater from ice melt
and terrestrial runoff can create hyposaline conditions approaching freshwater. Temperature also
fluctuates widely and rapidly at breakup, ranging from 0°C to 14°C (Craig et al. 1984).

Effects of climate change on Alaskan arctic habitats include decreases in sea ice cover,
warming of permafrost, longer growing season, and changes in precipitation. Decreased sea ice
has led to increased wave activity and accelerated coastal erosion and increases in shoreline
erosion from storms, along with increased turbidity (MMS 2008b). Portions of the coast have
experienced considerable erosive losses, up to 457 m (1,500 ft) over the past few decades
(MMS 2008b). Coastal peat bluffs along the Chukchi Sea coast have experienced more rapid
erosion. The erosion rate in areas of the Beaufort Sea coast has more than doubled between 1955
and 2005.

Increases in air temperature and precipitation have also occurred as a result of climate
change, particularly in autumn and winter (MMS 2008b). Permafrost, occurring on much of the
Arctic Coastal Plain, creates an impermeable soil layer, limiting the water storage capability of
the subsurface and, when near the surface, generally maintaining saturated soils above the
permanently frozen layer, thereby maintaining lakes and wetland habitats. Permafrost is
warming across the Arctic, with rapid warming in Alaska over the last 50 yr
(Anisimov et al. 2007). Significant permafrost degradation has been observed in some areas.
Increased permafrost temperatures at 15-20 m (49-66 ft) depths over the past 20 yr have been
recorded (MMS 2008b). Increases in mean annual ground surface temperatures have been
observed since the 1960s and, in some areas, discontinuous permafrost has begun thawing
downward at a rate of 0.1 m/yr (0.3 ft/yr) (MMS 2008b). Thawing of permafrost tends to result
in collapse of the soil structure of thaw-unstable soils and slumping of the soil surface, which
may subsequently result in flooding. Deepening of the active layer, the upper soil layer that
thaws each summer, and associated hydrologic change is accompanied by large changes in the
plant community. Evaporation/precipitation ratios have also increased in the Arctic, resulting in
the desiccation of some lakes (MMS 2008b). Earlier spring melt in the Arctic and later freeze-up
has resulted in a longer growing season, along with changes in plant communities, such as an
increased abundance of shrubs (Anisimov et al. 2007).
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Projections for future climate change indicate continued increases in temperature
and precipitation in the Arctic. The depth of the permafrost active layer is expected to
increase by 15 to 25% on average by 2050, and 50% or more in the northernmost areas
(Anisimov et al. 2007). Areas of continuous permafrost are likely to show increasing patchiness
(Anisimov et al. 2007). An initial increase in the number and total area of wetlands and shallow
lakes due to permafrost thawing may be followed over time by the loss of these habitats as
permafrost continues to thaw, surface water increasingly drains into groundwater systems, and
shallow groundwater tables continue to drop, resulting in the drying of wetland habitats and
drainage of lakes (MMS 2008b; Anisimov et al. 2007). A longer growing season and warmer
water temperatures of lakes that currently freeze to the bottom would likely change the chemical,
mineral, and nutrient status. Arctic species may be at a competitive disadvantage as subarctic
species ranges expand northward and changes in plant communities are likely to continue.
Arctic tundra in Alaska may be replaced by boreal forest by 2100 (Anisimov et al. 2007).

Decreases in sea ice cover are also expected to continue. The Arctic sea ice is
undergoing changes in extent, thickness, distribution, age, and melt duration (NSIDC 2010,
2011; Kwok and Cunningham 2010, 2011). The analysis of long-term datasets indicates
substantial reductions in both the extent (area of ocean covered by ice) and thickness of the
Acrctic sea-ice cover during the past 2040 yr. Generally, it is thought that the Arctic will
become ice-free in the summer, but at this time there is considerable uncertainty about when that
will happen (Stroeve et al. 2011; Tietsche et al. 2011; Zhang et al. 2010; Overland and Wang
2010). See also Section 3.3 for further discussion of sea ice. The suspended sediments
associated with increased coastal erosion will likely affect marine algae communities. In
addition, sea level is projected to rise an average of 0.73 m (2.4 ft) in the Arctic between 2000
and 2100, flooding low-lying coastal habitats (MMS 2008b). Coastal wetlands and estuaries
would be threatened by inundation from rising sea levels, intensification of storms, and higher
storm surges. Increased wave activity, relative sea level rise, and thawing of permafrost that
binds coastal sediments lead to retreat of coastal habitats (Nicholls et al. 2007). Temperature,
salinity, and oxygen levels of coastal estuaries would be affected by changes in rates and timing
of river runoff. Seasonal ice cover on rivers and lakes is breaking up earlier each year, with a
longer open water season (MMS 2008b). Observed changes in tundra habitats are expected to
continue. Snow cover over tundra is expected to melt earlier and large-scale changes in
permafrost are predicted to be likely.

No federally listed or candidate plant species occur in the Arctic region. Seven species of
rare vascular plants are known to occur on the ACP and Arctic Foothills (Lipkin 1997;
MMS 2003b; BLM 2003). These species are found nowhere else in Alaska, and several are
endemic to Alaska.

3.7.1.3.1 Chukchian Neritic. Habitats of the Chukchian ecoregion include narrow
beaches along the coastline, predominantly fronting steep cliffs cut in bedrock, up to 260 m
(853 ft) high at Cape Lisburne (MMS 2007c). Barrier islands occur only at Point Hope at the
Marryat Inlet/Kukpuk River delta and nearby Aiautak Lagoon; the islands are nearly continuous,
composed of sand and gravel. There is little or no wetland occurrence along the Chukchian
ecoregion coastline other than the lagoon at Point Hope.

Affected Environment 3-115



O©oo~NOoO ol WwN -

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

3.7.1.3.2 Beaufortian Neritic. Habitats of the Beaufortian ecoregion include narrow
beaches along the coastline; lower cliffs, where present, are cut in bedrock (south of Utukok
River) or perennially frozen ice-rich sediments (MMS 2007c). Barrier islands, typically
enclosing lagoons, are frequent along Chukchi and Beaufort Sea coasts; some, such as at
Kasegaluk Lagoon, have less than 3 m (10 ft) relief and less than 2 m (7 ft) in the Beaufort Sea.
Beaufort islands are narrow, at less than 250 m (820 ft), and short (MMS 2008b). Coastal relief
along these marine depositional areas is generally less than 5 m (16 ft). The Chukchi Sea coast
is a high-energy shoreline when ice is absent. Erosion and flooding are associated with autumn
and spring storms and ice movement (MMS 2008b). Much of the coast is eroded by ice, waves,
and currents, but active wave erosional coast is rare along the Chukchi Sea, where cliffs are
generally less than 1 m (3 ft) high (MMS 2007c).

Estuarine wetland systems occur in enclosed and protected bays along the Chukchi Sea
shoreline. Large estuarine wetland complexes in Chukchi Sea lagoons and other well-protected
areas, such as Omalik Lagoon, Kasegaluk Lagoon, Icy Cape, Peard Bay, and Wainwright Inlet,
include sand/silt flats and brackish-water sedge marshes. A few scattered, narrow marshes occur
along the remainder of the coastline. Beaufort Sea coastal waters are estuarine during a portion
of the year, with freshwater inflows from numerous rivers and streams mixing with marine
waters (MMS 2007c, 2008b). Maximum discharge is late May to early June, with melting of
landfast ice in early June to July, initially near river deltas. The coastline includes bays and
lagoons, as well as Stefansson Sound, enclosed by barrier islands.

3.7.1.3.3 Arctic Coastal Plain. The Arctic Coastal Plain (ACP) is relatively flat and
borders the Beaufort Sea and the eastern portion of the Chukchi Sea, encompassing most of the
Beaufortian ecoregion. The ACP includes a complex mosaic of vegetation types, the distribution
and extent of which are strongly influenced by local soil characteristics, elevation, temperature,
and moisture (BLM 2002). Freshwater wetlands, including a wide variety of vegetation types,
cover nearly all of the coastal plain and foothills (ADNR 2008; BLM 2002; BLM and
MMS 2003).

On the ACP, the presence of thick, continuous permafrost that is generally near the soil
surface restricts soil drainage and results in saturated soils over most of the area (BLM 2002;
BLM and MMS 2003). Wetland plant communities, characterized by sedges, grasses, dwarf
shrubs, and mosses, are the predominant vegetation types of the ACP (BLM 2002; MMS 2002b,
2003b). Numerous small lakes and ponds are scattered across the landscape. Even small-scale
variations in the land surface elevation alter patterns of species occurrence and influence the
distribution of plant communities. These variations determine the occurrence of wet, moist, and
dry tundra (BLM and MMS 2003). Flooded tundra and aquatic vegetation cover types also
occur. Coastal plain soils generally consist of an organic mat over fine-textured mineral soil.

Over much of the near coastal area inland from Point Barrow, along the Beaufort Sea to
the Canning River, wet graminoid moss communities, with moist communities on higher
microsites, are the predominant plant communities (Raynolds et al. 2006). Wet sedge moss
communities, with moist communities such as tussock-sedge and dwarf-shrub communities on
higher microsites, extend over much of the ACP from near Point Lay on the Chukchi coast to the
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border of Canada. Non-tussock sedge, dwarf-shrub, moss tundra communities and Non-tussock
sedge, dwarf-shrub, forb, moss tundra communities, both on mesic soils, occur at the margin of
the ACP near the Arctic Foothills. Tussock-sedge, dwarf-shrub, moss tundra communities,
occurring on sandy soils in complex with lakes and wet tundra, are the predominant community
type over a large area south of Teshekpuk Lake, in the central portion of the ACP.

Ground patterns form polygons in much of the east-central portion of the ACP. Low
polygons, enclosed by rims, are common and support wet sedge/moist sedge tundra in basins and
dwarf shrub tundra on rims, with troughs between polygons (Noel and McKendrick 2000;

MMS 2002b). Near the coastline, high centered polygons bordered by deep troughs support
moist sedge and dwarf shrub tundra.

Over much of the ACP, thaw lakes (typically 1-7 m [3-23 ft] in depth) shaped and
oriented by wind direction cover 20-50% of the surface area (Gallant et al. 1995). Ponds are
generally smaller and shallower. Lake margins and smaller ponds frequently support the fresh
grass marsh vegetation type, generally in surface water depths of 0.2-2 m (0.7-7 ft)

(Viereck et al. 1992).

Thaw lakes generally follow a cyclic pattern of draining and reforming (BLM 2002).
Wet tundra communities, later becoming wet sedge meadow communities, commonly become
established in drained basins (BLM 2002). Surface water in these areas may be present much of
the growing season and may be up to 15 cm (0.5 ft) deep (Viereck et al. 1992).

Barren areas along major streams are composed of 60% barren peat, mineral soil, or
gravel. These areas may have patches with sparse cover of forbs and dwarf shrubs. The margins
of ACP rivers typically include gravel bars, sandbars, and sand dunes (BLM 2002). Active sand
dunes support dunegrass communities, while floodplains support low willow shrub and seral
herb communities. Large, braided rivers on the ACP, such as the Sagavanirktok River, include
extensive areas that are predominantly unvegetated or sparsely vegetated. Some plant
communities near the Sagavanirktok and Kadleroshilik Rivers are maintained in early and mid-
successional stages by the deposition of windblown silt from the river channel (MMS 2002b;
BLM 2002).

3.7.1.3.4 Arctic Foothills. Inland from the Chukchian ecoregion and southwestern
Beaufortian ecoregion coast, the Arctic Foothills extend across northern Alaska between the
ACP and the Brooks Range, reaching to the Beaufort Sea near the border of Canada. Thick
permafrost extends over the hills and plateaus of the Arctic Foothills, and most soils are poorly
drained with thick organic layers (BLM 2002). Although the foothills have more distinct
drainage patterns and fewer lakes than the ACP, much of the landscape in the foothills consists
of wetlands.

A wide variety of plant community types occurs on the foothills (Raynolds et al. 2006).
Near the Chukchian ecoregion coast, the wet sedge moss communities (with moist communities
on higher microsites), non-tussock sedge, dwarf-shrub, forb, moss communities (mesic soils),
and prostrate dwarf-shrub, forb, lichen (dry limestone slopes) are the predominant community
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types. Farther inland, and extending along much of the southwestern Beaufortian ecoregion, the
tussock-sedge, dwarf-shrub, moss community type, on mesic soils, is a predominant community
type of the Arctic Foothills. Also occurring near the coast are erect dwarf-shrub, lichen
communities on mesic sites and prostrate dwarf-shrub, lichen communities on dry granitic
slopes. The foothills approach the Beaufort Sea along the northeastern coast of Alaska. Here,
tussock-sedge, dwarf-shrub, moss (mesic soils); erect dwarf-shrub (mesic soils); and prostrate
dwarf-shrub, sedge community types (dry limestone slopes) occur at or near the coast.

3.7.2 Marine Benthic Habitats

3.7.2.1 Gulf of Mexico

Marine benthic (bottom) habitats are areas of the seafloor used by organisms at some or
all stages in their life for critical functions such as feeding, reproduction, and shelter. In the
GOM Planning Areas, marine benthic habitats on the continental shelf and slope/deep sea
habitats include soft sediments, hard bottom areas, chemosynthetic communities, warm-water
coral reefs, and deepwater corals (Table 3.7.2-1).

3.7.2.1.1 Soft Sediments. Sediments of the Northern GOM are primarily composed of
sand, silt, and clay. Thus soft bottom habitat is not a unique habitat of concern like the hard
bottom, deepwater coral, and deepwater community habitats discussed below. However, soft
sediments do provide habitat to most marine organisms in the GOM and are the site of
fundamental ecosystem processes, such as the breakdown of organic matter, nutrient
transformation and recycling, and the metabolization of natural and anthropogenic releases of
hydrocarbons (Hazen et al. 2010). As the predominant sediment substrate type, soft sediment
habitat will be most affected by oil and gas development and production activities.

Continental Shelf Soft Bottom Habitat. The Northern GOM Continental Shelf Marine
Ecoregion extends from the coastline out to the shelf break at water depths ranging about 118 to
150 m (387 to 492 ft) and encompasses the Mississippi and Texas Estuarine Ecoregions and the
Western Gulf Neritic Ecoregion. The major marine benthic habitat consists of soft muddy
bottom. An exception is the sandy sediments along beaches and barrier islands.

Much of the organic matter in the upper water column is eventually deposited on the
seafloor in seasonal pulses, following springtime peaks in river discharge and spring
phytoplankton blooms. Once reaching the seafloor, organic matter is consumed by bacteria,
meiofauna, and macrofauna. Consequently, soft sediments are important sites for detrital
processing and the remineralization of critical elements like sulfur, nitrogen, and phosphate.
Sediment-associated nutrients and organic matter may also be resuspended into the water
column, where they support new water column primary and secondary production. This
coupling between benthic and pelagic habitats is particularly strong in shallow areas of the
continental shelf.
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TABLE 3.7.2-1 Benthic and Pelagic Marine Habitat Types Found in the Northern Gulf of
Mexico Shelf, Slope, Mississippi Fan, and Basin Marine Ecoregions within the Western and
Central Planning Areas

Marine Habitat Type Marine Ecoregion

Benthic

Soft sediments All ecoregions

Hard bottom areas Shelf (Mississippi Estuarine Area, Western Gulf Neritic), Slope, and Basin

Coral reefs Shelf (Western Gulf Neritic)

Deep/coldwater corals Primarily Slope

Chemosynthetic communities  Primarily Slope

Man-made structures Shelf (Mississippi Estuarine Area, Western Gulf Neritic), Slope
Pelagic

Water column All ecoregions

Sargassum All ecoregions

Biological interactions as well as physiochemical factors such as substrate, temperature,
salinity, water depth, currents, oxygen, nutrient availability, and turbidity are critical in
determining the distribution, composition, and abundance of continental shelf soft bottom
communities. The major factor influencing the megafaunal distributions appears to be the
differing substrates, with primarily carbonate sediments found east of DeSoto Canyon and along
the west Florida shelf in the Eastern Planning Area and with more terrigenous muds found in the
estuarine and neritic shelf sediments in the Eastern and Western Planning Areas
(Defenbaugh 1976). Soft sediment infaunal communities on the GOM continental shelf are
generally dominated, in both number of species and individuals, by surface-deposit-feeding
polychaete worms, followed by crustaceans and mollusks (Continental Shelf
Associates, Inc. 1992, 1996; Brooks 1991; Baustian and Rabalais 2009). Common species on
the sediment surface include sea anemones, brittle stars, portunid crabs, and penaid shrimp.
These animals are typically distributed on the basis of water depth and sediment composition or
grain size, with seasonal components also being present in shallower water areas.

Northern Gulf of Mexico Slope/Basin Ecoregion. Soft sediments of the continental
slope and deep sea have a unique faunal community adapted to the cold, high-pressure, and low-
productivity environment. Recent surveys from south Texas to the Florida panhandle revealed
that echinoderms, sea anemones, nematodes, copepods, amphipod, polychaetes, and bivalves
were common constituents of soft sediment assemblages in the deep sea. There were distinct
faunal communities from east to west of the Mississippi River and from the upper slope to the
abyssal plain (Rowe and Kennicutt 2009; Wei et al. 2010). The highest macroinvertebrate
densities were found near the Mississippi River, followed by areas to the east. A general
decrease in the abundance of fish, meiofauna, and macrofauna was observed from the upper
continental slope to the abyssal areas in the GOM (Rowe and Kennicutt 2009). The number of
invertebrate species was higher on the shelf/slope than the outer shelf, and the number of benthic
invertebrate species was highest on the mid to upper slope. Overall, biomass, species number,
and species composition were influenced by water depth, the proximity of locations to canyons
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and methane seeps, and the organic matter content of sediment (Rowe and Kennicutt 2009).
Other physical and chemical parameters — such as oxygen concentration, temperature, salinity,
and chemical contaminants within the sediments — did not appear to be related to community
structure (Rowe and Kennicutt 2009).

The abundance patterns just described, such as the high density of macrofauna near the
Mississippi River, are in large part attributable to food availability. The offshore GOM has low
nutrient concentrations and surface water productivity. In such areas, most organic matter is
therefore tightly recycled in the water column and much less is exported to sediment or higher
trophic levels (Hagstrom et al. 1988; Buesseler 1998; Pomeroy et al. 2007; Hung et al. 2010).
Organic matter that does fall below the photic zone breaks down as it sinks and reaches the
seafloor in a highly degraded state. The continental slope/deep sea benthos is thus typically food
starved; consequently, the size, biomass, and abundance of benthic consumers decline with depth
as one goes from the continental shelf to the deep sea. Although much of the deep sea is
relatively unproductive, deep sea cold seep communities are exceptions and will be discussed
later in this section.

3.7.2.1.2 Warm Water Coral Reefs. Coral reefs are formed by reef-building coral
species. Coral are suspension feeders, and their prey predominantly consist of planktonic
organisms carried in the water column. Photosynthetic corals also harbor dinoflagellate algae
that benefit the coral’s physiology through products resulting from photosynthesis. Where they
are present, coral reefs in the GOM serve ecological functions as important sites of primary
productivity and as habitat for dense and diverse reef-associated communities.

Coral reefs are primarily concentrated on the west Florida shelf. Although not in the
Western or Central Planning Areas, these reefs could be affected by accidental oil spills. Coral
reefs are not found in the Central Planning Area and are relatively uncommon in the Western
Planning Area, although individual corals are common in hard-bottom seafloor habitats in both
areas. The East and West Flower Garden Banks in the FGBNMS, located in the Western Gulf
Neritic Marine Ecoregion, are considered the only coral reefs present in the Western Planning
Area (Figure 3.7.2-1). The East and West Banks are prominent topographic features covering
approximately 50 and 74 km2 (12,355 and 18,286 ac), respectively, and rising to a depth of 17 m
(63 ft) below the water surface from surrounding water depths below 100 m (328 ft)

(Hickerson et al. 2008). The banks formed over salt domes, which forced the overlying seabed
upward, resulting in exposed carbonate that provided substrate for the colonization and growth of
reef organisms. The crests of these features are carbonate rock formed by reef-building corals,
coralline algae, and other lime-secreting creatures. The dominant community on these banks at
water depths above 36 m (118 ft) is composed of reef-building corals (approximately

20 species), with an average cover of more than 50% (Bright et al. 1984; Dokken et al. 1999;
Precht et al. 2008). In addition, more than 80 species of algae, approximately 250 species of
macroinvertebrates, and more than 120 species of fishes are associated with these features
(Dokken et al. 1999).

On the basis of data from 1978 to 2006, there do not appear to be any long-term trends in
the percentage of coral cover at the FGBNMS (Hickerson et al. 2008; Robbart et al. 2009), and
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despite causing some physical damage to reef structure, recent hurricanes have not caused
significant lasting damage to the FGBNMS (Robbart et al. 2009). Within a 6.4-km (4-mi) radius
of the FGBNMS, there are currently 14 oil production platforms, and there is one gas production
platform within the East Sanctuary boundary. However, there is no evidence that oil and gas
production activities have adversely affected the FGBNMS (Gittings 1998). Ongoing stressors
on the FGBNMS include mechanical disturbance from anchors and discarded fishing gear,
coastal runoff, and disease (Hickerson et al. 2008).

3.7.2.1.3 Deepwater Corals. Research from 2003 to the present has resulted in
extensive data on the distribution of deepwater (or coldwater) corals and the compositions of
their associated communities (CSA International, Inc. 2007). Deepwater corals are found on
rock outcroppings in the Northern GOM Slope Ecoregion in waters typically deeper than 300 m
(984 ft) (Figure 3.7.2-2). The primary deepwater species in the GOM is Lophelia pertusa. This
highly branching species can develop from small bushes to thickets of hemispherical colonies.
Lophelia aggregations typically develop on lithified outcroppings formed in the past by now-
inactive hydrocarbon seeps. Although often located near cold hydrocarbon seeps, Lophelia
corals and associated biota do not appear to use seep hydrocarbons as a food source; instead,
they depend on plankton and organic matter falling from the upper water column
(CSA International, Inc. 2007). Lophelia produce larvae whose dispersal ability is limited when
compared with that of species that produce planktotrophic larvae. Consequently, gene flow
appears to occur primarily within individual Lophelia thickets; nevertheless, enough long-
distance dispersal occurs to maintain regional genetic distinctiveness (USGS 2008).

Lophelia beds provide complex benthic habitat that attracts deepwater fish and
invertebrates in greater density than that found in the surrounding soft-bottom habitat. Surveys
of Lophelia communities off the coast of Louisiana conducted in 2004 and 2005 indicated that
polychaetes, brittle stars, sponges, and hydroids were the most common species (CSA
International, Inc. 2007). Predatory polychaetes and shrimp and crabs were also common.
Overall, suspension feeders and predators were the dominant trophic guilds represented, but
large scavengers were also present (CSA International, Inc. 2007). A study of the Viosca Knoll
Lophelia communities found that fish communities differ according to depth, with communities
found at 325 m (1,066 ft) being distinctly different than the deepwater fish species collected at
500 m (1,640 ft) (USGS 2008).

3.7.2.1.4 Hard Bottom. The term hard bottom (also referred to as live bottom)
generally refers to exposed rock, but it can also refer to other substrata, such as coral and clay, or
even artificial structures. Hard bottoms often support highly productive algal and animal
communities. The sessile (nonmotile) biota typically growing on hard-bottom areas may include
macroalgae, seagrasses, sponges, barnacles, hydroids, corals, cnidarians, bryozoans, and
tunicates, which, in turn, provide shelter, food, and spawning sites for mobile fish and
invertebrates. Within the Eastern and Western Gulf Neritic and the Mississippi Gulf Estuarine
Ecoregions, major topographic features occur on the continental shelf and shelf edge across the
west Florida shelf and in more restricted locations off Alabama, Mississippi, Louisiana, and
Texas. The estimated areal extent of natural hard bottom in the GOM on the continental shelf is
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4,772,600 ha (11,793,300 ac), with only 6% of this occurring in the Central and Western
Planning Areas (GMFMC 1998). Authigenic carbonate exposed in deepwater areas below
300 m could total more than 200,000 ha (494,208 ac) as determined from 3D seismic remote
sensing data (less than 1% of the total bottom area of the deep GOM).

Mississippi-Alabama Shelf. Within the Mississippi Estuarine Area, in inner-shelf and
mid-shelf regions off Mobile Bay and the Alabama/Florida State line, there are small low-relief
outcrops of rock, shell hash, and sandstone on areas with sand or shell bottom (Figure 3.7.2-1).
This hard-bottom habitat, found in water depths of 18 to 40 m (59 to 131 ft), ranges from low-
relief exposed rock in shallow depressions to rock outcrops with up to 5 m (16.4 ft) of vertical
relief (Thomson et al. 1999). The dominant biota varies with location, but it can include
barnacles, coralline algae, hydroids, sponges, octocorals, solitary hard corals, bryozoans, and
ascidians (Schroeder et al. 1989; Thompson et al. 1999). These inner shelf outcrops also served
as spawning grounds for a variety of fish, including the spot (Leiostomus xanthurus) and the
Atlantic croaker (Micropogonias undulates).

Along the shelf edge between the Mississippi River and DeSoto Canyon, there are
discontinuous carbonate reef structures called Pinnacle Trend regions; they fall primarily in two
parallel bands along depth contours. BOEM (as MMS)-sponsored studies (Brooks 1991;
Continental Shelf Associates, Inc. 1992; Continental Shelf Associates, Inc., and Texas A&M
University, Geochemical and Environmental Research Group 1999) have provided further
information about these features, which consist of thousands of carbonate mounds ranging in size
from less than a few meters to nearly a kilometer in diameter. The larger “pinnacle” features are
found at depths of 74-82 m (243-269 ft) and 105-120 m (344394 ft), and their vertical relief
ranges from 2 to 20 m (6 to 66 ft), with the average being 9 m (30 ft). Linear ridges paralleling
the isobaths were also mapped in the shallower depth zone. These ridges are typically about
20 to 250 m (66 to 820 ft) in width, are more than 1 km (0.6 mi) long, and have a relief of up to
8 m (26 ft). Shallow (generally less than 1 m, or 3 ft, deep) depressions, usually less than 15 m
(49 ft) in diameter, were also found (Sager et al. 1992).

The pinnacle features provide a significant amount of hard substrate for colonization by
suspension-feeding invertebrates, and they support relatively rich biological communities.
Barnacles, worms, coralline algae, sponges, corals, and bryozoans are present at the tops of the
shallowest features in water depths of less than about 70 m (230 ft) (GMFMC 2004). The
diversity and abundance of the associated species appear to be related to the size and complexity
of the features, with the low-relief rock outcrops (less than 1 m [3 ft] high) typically having low
faunal densities, and the higher-relief features having the more diverse faunal communities.
Although it is likely that little active reef building is occurring now, the Pinnacle Trend may
serve as an important colonization site for hard-bottom species and allow cross-shelf gene flow
between reef species in the western and eastern GOM (GMFMC 2004). In addition, pinnacles
off Mobile Bay serve as aggregation sites and spawning grounds for fish and invertebrates during
multiple life stages.

Louisiana-Texas Shelf Banks and South Texas Banks. Within the Mississippi

Estuarine and Western Gulf Neritic Ecoregions, there are several low- to high-relief banks and
ridges along the mid to outer Louisiana-Texas shelf in 22 to 200 m (72 to 656 ft) of water. Bank
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relief ranges from less than 1 to 150 m (3 to 492 ft) and can be as large as several hundred square
meters in area. The major topographic features of the central and western GOM are shown in
Figure 3.7.2-1. These features are elevated above the surrounding seafloor and are characterized
as either mid-shelf bedrock banks or outer-shelf bedrock banks with carbonate caps

(Rezak et al. 1983; Hickerson et al. 2008). Although these topographic features are small, the
hard-bottom faunal assemblages associated with them often have high diversity, species richness,
and biomass; they also provide habitat for important commercial and recreational fish species.

Benthic zones were described for the topographic features by Rezak et al. (1983). The
zones were classified on the basis of their amount of reef-building activity and primary
production (Rezak et al. 1983, 1985). The mid-shelf and shelf-edge banks along the Texas-
Louisiana border contain a variety of zones, ranging from clear water high-productivity to low-
productivity zones (Rezak et al. 1983). Several banks along the Louisiana-Texas mid shelf and
shelf edge were near the storm track of Hurricane Rita in 2005. However, the long-term effects
on these banks appear to have been minor (Robbart et al. 2009). Rezak et al. (1983) classifies
the south Texas banks as low relief with turbidity-tolerant communities and little to no reef-
building activity.

It appears that differences in the fish and invertebrate communities depend on the bank’s
structure, depth, and location. However, all areas have high fish and invertebrate densities and
diversities, dominated by reef-associated species (Dennis and Bright 1988). Epibenthic biota
that are colonizing the hard substrate include bryozoans, hard corals, octocorals, fire corals,
sponges, sea whips, gastropods, hydroids, sea urchins, and spiny lobster (GMFMC 2004). Reef-
associated fishes typical of the GOM congregate around these features, and many are of
commercial and recreational importance (Section 3.8.4.1).

West Florida Shelf. Most of the hard-bottom habitat in the Northern GOM Shelf Marine
Ecoregion is located on the west coast of Florida. Although not in the Western or Central
Planning Areas, these areas could be affected by accidental oil spills and are therefore briefly
described. The live-bottom communities on the west Florida shelf are tropical to temperate in
nature, with the number of tropical species decreasing to the north. The communities are
predominantly algal/sponge/coral assemblages, with the shallow-water octocorals and the hard
corals significantly decreasing in abundance at depths deeper than about 40 m (161 ft). Most of
the hard bottom on the west Florida shelf is low relief (less than 1 m [3 ft]), but it also includes
ridges and pinnacles rising up to 30 m (98 ft) from the seafloor (Woodward-Clyde Consultants
and Continental Shelf Associates, Inc. 1983; Continental Shelf Associates, Inc. 1987). Despite
the relatively small amount of actual exposed rock outcrops across this shelf, dense sessile
epifaunal assemblages are common. The primary topographic features on the west Florida shelf
are the Florida Middle Ground (Figure 3.7.2-1), located about 160 km (99 mi) northwest of
Tampa Bay, and Madison Swanson water, located south of Panama City at a depth of 60 to
100 m (197 to 328 ft). Steamboat Lumps, a low-relief area that measures 269 km2 (104 mi2) and
is located west of Tarpon Springs, is another known spawning ground for reef fish. (Additional
maps are available at http://oceanexplorer.noaa.gov/explorations/islands01/log/jun20/
jun20.html).
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Artificial hard-bottom sites, including sunken vessels, oil and gas platforms, and debris,
represent only 1.3% of all hard-bottom sites in the GOM (GMFMC 1998); nevertheless, these
structures support locally abundant fish populations in shelf waters of all GOM coast States
(GMFMC 1998). Artificial reefs are placed in the GOM continental shelf to improve fishery
production and recreational fishing opportunities.

Oil platforms also serve as artificial reef habitats. There are 3,315 active oil platforms
now present in GOM Federal waters (Boudreaux 2011). After oil platforms are
decommissioned, they can be converted to artificial reefs by being toppled or partially removed.
Oil platforms represent a novel habitat when compared with the surrounding soft sediments, and
they provide attachment sites for sessile reef invertebrates such as corals, bryozoans, and
sponges. In this way, they allow the range of fish and invertebrate species to expand. In
addition, by serving as “islands” of hard substrate, the platforms can also promote gene flow
between the eastern and western portion of the GOM (Sammarco et al. 2004).

Although the algae growing on oil platforms provide food for some platform biota,
plankton is the primary food source supporting the platform community. The attached platform
community in turn provides food for many but not all structure-oriented fish and invertebrates
living on or near the platform. Single offshore platforms of average size have been found to
provide habitat for an average of 10,000 to 30,000 fish within 50 m (164 ft) of the structure
(Stanley and Wilson 2000). The high densities of fish near the platform decline to background
levels within 10 to 50 m (33 to 164 ft) of the platform. Jacks, amberjack, red snapper, gray
snapper, and triggerfish dominate the oil platform fish assemblage (Stanley and Wilson 2000).

Although platforms undoubtedly have higher amounts of organismal biomass than do the
surrounding soft sediments, their role in enhancing fish production is controversial. Initially it
was argued that reef fish are habitat-limited because of the scarcity of hard bottom on the Gulf
continental shelf. Consequently, it was thought that artificial reefs provide needed habitat
(Brickhill et al. 2005). Others argued that reef fish are not habitat-limited, and artificial reefs
such as oil platforms simply attract fish away from natural hard bottom. Thus, platforms may
simply attract fish rather than increasing fish production and, at the same time, make them easier
to harvest by commercial and recreational fisheries (Brickhill et al. 2005). The benefit or
detriment of artificial reefs as habitat depends on how fisheries are managed on the reef and the
individual life histories and habitat requirements of the species present.

3.7.2.1.5 Chemosynthetic (Seep) Communities. In deepwater areas where oil and
natural gas compounds seep up through the sediments, chemosynthetic bacteria inhabit
specialized cells in clam, mussel, and worm hosts; they form symbiotic relationships in which
methane and/or hydrogen sulfide are used to produce basic organic compounds. In the Northern
GOM Slope Marine Ecoregion, chemosynthetic communities are associated with hydrocarbon
seeps in water depths ranging from less than 300 m (984 ft) to more than 2,700 m (8,858 ft;
Brooks et al. 2008). Figure 3.7.2-3 shows known chemosynthetic community locations. In
addition, maps of acoustic seafloor anomalies in the GOM have been developed over the last
13 yr that can be used to predict the location of deepwater corals (Section 3.7.2.1.3-1) and
chemosynthetic communities (Figure 3.7.2-3). The anomalies are present in the form of positive
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anomalies, negative anomalies, and pockmark features. The positive anomalies are indicative of
hard-bottom authigenic carbonate deposits or solid hydrate formations with which deepwater
coral or chemosynthetic communities are often associated. Positive anomalies do not guarantee
the presence of deepwater communities because there may be a lack of exposed hard substrate
for corals and the hydrocarbon seep could be inactive and not capable of supporting
chemosynthetic communities. The negative anomalies are areas of rapid gas expulsion where it
is generally not possible for significant communities to develop, although suitable hard substrate
may be nearby. Pockmarks may be caused by large, short-term gas expulsion events and may or
may not have associated hard substrate. BOEM has successfully used the presence of positive
anomalies to predict the location of exposed hard-bottom, chemosynthetic, and/or deepwater
coral communities, which has allowed these sensitive features to be avoided by oil and gas
activities. Sassen et al. (1993b) showed that at locations for which data were available, most
significant oil fields in the deepwater GOM had associated chemosynthetic communities. Since
there is extensive natural oil and gas seepage in the GOM, an extensive amount of habitat is
thought to be available for these types of communities, although the amounts are small in
individual areal extent. In addition, chemosynthetic communities not associated with oil and gas
seepage have been found at the base of the Florida Escarpment in water at a depth of about
3,200 m (10,499 ft) (Paull et al. 1984; Hecker 1985).

Evidence indicates that fauna associated with chemosynthetic communities can be
extremely slow-growing. For example, tubeworms are estimated to grow less than 1 cm (0.4 in.)
per year and to live longer than 200 yr (Fisher et al. 1997; MacDonald 2000). The seep mussels
also exhibit slow growth rates, with adults surviving up to 40 yr (Nix et al. 1995;

MacDonald 2000). Chemosynthetic communities on the upper continental slope (<1,000 m
[3,281 ft]) and the mid to lower continental slope (>1,000 m [3,281 ft]) have been studied.
Although general groups of epifauna, such as galatheid crabs, decapod shrimp, mussels, and
tubeworms, were present at upper and lower slope sites, differences were strong at the species
level (Brooks et al. 2008). There were differences in the invertebrate communities associated
with mussel and tubeworm habitats although a single species of shrimp (Alvinocaris muricola)
was typically numerically dominant at both habitat types. Depth, relative abundance of different
mussel species in a bed, and the tubeworm size were important determinants of community
composition (Cordes et al. 2010).

3.7.2.1.6 Climate Change Effects on GOM Marine Benthic Habitats. Climate
change has the potential to profoundly affect marine benthic habitats and communities. One
seafloor habitat likely to be affected is coral reefs. For example, as a stress response to warming
water temperatures, coral reefs could suffer from an increased frequency of bleaching (Hoegh-
Guldberg et al. 2007). Globally, bleaching appears to have increased in frequency and severity
since the last quarter of the 20th century (Janetos et al. 2008), but on the basis of data from 1978
to 2006, there do not appear to be any long-term trends in the percentage of coral cover at the
FGBNMS (Hickerson et al. 2008; Robbart et al. 2009). Recent surveys indicate that the
FGBNMS appears to be healthy, with coral cover ranging from 50 to 70% on both banks and a
low incidence of bleaching and other coral disease (Precht et al. 2008; Robbart et al. 2009).
Much of this may be due to the distance of the coral reefs from land and the depth at which the
reefs are located. However, the IPCC estimates that water temperatures could increase by 1.8 to
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4.0°C by 2050 (IPCC 2007b), and with the rise in temperature, coral bleaching at the FGBNMS
could increase.

In addition to coral bleaching, there are other challenges to coral reefs related to climate
change. For example, there has been a rise in the occurrence of excessive algal growth on reefs
and an increase in bacterial, fungal, and viral agents (Boesch et al. 2000; Twilley et al. 2001).
There is also the potential for greater frequency of mechanical damage to corals from greater
severity of tropical storms and hurricanes (Janetos et al. 2008).

In addition, the increase in atmospheric CO2 has resulted in the formation of carbonic
acid, at the expense of carbonates (aragonite and calcite), in seawater. The resulting decreases in
the oceanic pH and carbonate concentration are expected to reduce the reef formation rate,
weaken the existing reef structure, and alter the composition of coral communities
(Janetos et al. 2008). The projected decrease in pH varies depending on the model and model
assumptions used; nevertheless, by 2050, the ocean’s carbonate saturation might drop below
levels necessary for coral reef accretion, and the pH of surface oceans might drop by as much as
0.5 pH by the end of this century (Royal Society 2005; Hoegh-Guldberg et al. 2007). Recent
work also suggests ecosystem respiration is higher in the GOM because eutrophication has
increased dissolved CO» and reduced oceanic pH by 0.11 to 0.16 (Cai et al. 2010). The trend is
expected to continue, potentially leading to carbonate undersaturation (Cai et al. 2010).

As climate change has the potential to affect warm water corals, it could also affect
coldwater Lophelia habitats. The saturation depth of aragonite (the primary carbonate form used
by hard corals) appears to be a primary determinant of deep water coral distribution, with reefs
forming in areas of high aragonite solubility (Orr et al. 2005). The depth at which the water is
saturated with aragonite is projected to become shallower over the coming century, and most
coldwater corals may be in undersaturated waters by 2100 (Orr et al. 2005). Consequently, the
spatial extent, density, and growth of deepwater corals may decrease, diminishing their
associated ecosystem functions (Orr et al. 2005).

In nearshore and mid-shelf benthic habitats, climate change may cause the temporal
variability of key physical parameters — particularly dissolved oxygen, salinity, and temperature
— to change or increase, which could significantly alter the existing structure of the benthic
community (Rabalais et al. 2010). For example, freshwater discharge into the GOM has been
increasing and is expected to continue to increase as a result of the increased rainfall in the
Mississippi River Basin (Dai et al. 2009). Such changes could result in severe long-term or
short-term fluctuations in temperature and salinity that could reduce or eliminate sensitive
species. Such changes are most likely to occur in the Mississippi Estuarine Ecoregion, where
freshwater inputs are highest. Habitats most likely to be affected include inner-shelf and mid-
shelf hard-bottom and soft-sediment habitats, although the benthos of deepwater areas affected
by the Mississippi River, such as Mississippi and DeSoto Canyons, may also be affected. In
addition, greater rainfall may increase inputs of nutrients into the GOM, potentially resulting in
more intense phytoplankton blooms that could promote benthic hypoxia (Rabalais et al. 2010).
The increased freshwater inputs and surface water temperature may also promote water column
stratification, which is also conducive to the development and expansion of the existing GOM
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Dead Zone. Hypoxic or anoxic conditions can reduce or eliminate the suitability of benthic
habitat for marine organisms.

3.7.2.1.7 Effects of DWH Event on Marine Benthic Habitats. Few observations or
analyses have been conducted on the effects of the DWH event on soft sediment habitats. Some
researchers have reported seeing dead and dying benthic animals as well as what appear to be
thick deposits of oil or flocculants of oil and organic matter on the seafloor (BOEMRE 2010b).
More data are needed before characterizing the implications of the DWH event on soft sediment
habitat. It is likely that the sediment hydrocarbon concentrations decreased significantly with
distance from the well. In heavily oiled areas, the recovery time is unknown, but sediments in
deeper waters may take longer to recover because of colder temperatures. Overall, natural
processes should break down the oil, and it is likely that no permanent changes in soft sediment
habitat affected by the DWH event would occur.

There is some evidence that the DWH event affected more sensitive benthic habitats. In
November 2010, a survey of deepwater corals along the predicted trajectory of the DWH event
in 1,400 m (4,593 ft) of water revealed a 15 x 40-m (49 x 131-ft) area of dead and dying
deepwater corals covered in brown flocculent. The mortality was attributed to oil from the DWH
event located approximately 11 km (7 mi) to the northeast (http://www.boemre.gov/ooc/press/
2010/press1104a.htm). Investigations are ongoing. It is not known how many deepwater coral
communities were affected or whether the affected corals will recover. The DWH event
occurred more than 320 km (200 mi) from the FGBNMS, and there were no reports of oil from
the spill reaching the FGBNMS (http://flowergarden.noaa.gov/education/oilspill.html). The
FGBNMS is monitored as part of a regular program, and any changes related to the spill should
be detected.

3.7.2.2 Alaska — Cook Inlet

The Cook Inlet Planning Area is located within the Alaska Fjordland Shelf Ecoregion
(Wilkinson et al. 2009). The physical characteristics of the benthic habitats of Kachemak Bay,
Shelikof Strait, and lower Cook Inlet are critical in determining habitat function. Several distinct
benthic habitats have been identified based on tidal inundation and substrate, which can consist
of rock, sand, silt, and/or shell debris. Plant and animal communities in rocky habitats have
strong patterns of zonation with marked variation in species composition, community structure,
and productivity. In the rocky intertidal habitat, benthic assemblages are concentrated below the
seaweed zone, probably due to battering by waves and kelp (MMS 1996b). The Shelikof Strait
is relatively ice free even in winter (MMS 2003a). However, seasonal ice is an important
influence on habitat function in Cook Inlet. The western side of Cook Inlet experiences seasonal
ice scour and has biological and physical characteristics that are more similar to arctic habitats
compared to the eastern side, which does not experience ice scour (MMS 1996b, 2003a). The
Cook Inlet lease sale 149 EIS (MMS 1996b) and 191 and 199 lease sale EIS (MMS 2003b)
contain a comprehensive description of the habitats and biota found in Cook Inlet. See
Section 3.8.4.2 and Section 3.8.5.2 for a further description of fish and benthic invertebrate
communities in Cook Inlet.
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The Gulf of Alaska is located outside of the Cook Inlet Planning Area and therefore
would not be directly disturbed by oil and gas infrastructure. However, it could be affected by
an oil spill associated with OCS activities in Cook Inlet and therefore will be briefly described.
In the Gulf of Alaska, sediment deposition and sediment grain size are important determinants of
benthic communities. In areas of the Gulf of Alaska where sediments are fine and sedimentation
rates are high (particularly in the north-central region), nearshore infauna consists mostly of
mobile deposit-feeding organisms. Greater numbers of sessile and suspension feeding infauna
occur west of Prince William Sound as sediment changes to sand/gravel. A relatively low
biomass of deposit feeders occurs in the eastern Gulf of Alaska, an environment characterized by
strong tidal currents and sediment of low organic content (Semenov 1965).

Strong benthic-pelagic coupling is present in the Gulf of Alaska. Studies of Prince
William Sound indicate sediment habitat receive the greatest springtime inputs of phytoplankton
in years when phytoplankton blooms are of short duration and high biomass
(Eslinger et al. 2001). Soft sediment habitat also contributes to water column productivity when
sediments are resuspended by wind and wave action.

Climate Change Effects on Cook Inlet Marine Benthic Habitats. Continuing trends
in climate change are expected to result in chemical, physical, and hydrologic changes in Cook
Inlet. For example, increased river discharge is expected to alter the salinity, temperature, and
turbidity regimes in nearshore benthic habitat (Arctic Council 2005), potentially resulting in
changes in the composition, abundance, and diversity of sessile benthic communities. See
Section 3.8.4.2 and Section 3.8.5.2 for a discussion of climate change and benthic fish and
invertebrates. In addition to changes in hydrology, the expected reduction in landfast ice extent
and duration resulting from rising temperatures may reduce the scouring of intertidal and shallow
subtidal habitats on the western side of Cook Inlet. Warmer temperatures may also increase
phytoplankton productivity, potentially resulting in greater food inputs to benthic habitats and
subsequent increases in the productivity of benthic biota.

3.7.2.3 Alaska — Arctic

The Beaufort and Chukchi Planning Areas include the Beaufort/Chukchian Shelf Marine
Ecoregion and the Arctic Slope and Arctic Plains Marine Ecoregions. In both planning areas, oil
and gas exploration and production activities will generally occur in water depths of less than
200 m (656 ft).

Most of the seafloor of the Beaufort/Chukchian Shelf Marine Ecoregion consists of a
soft-bottom, featureless plain composed of silt, clay, and sand. Deposits of flocculated particles
from plankton blooms, epontic organisms, and ice algae from ice retreat all contribute to the
bottom sediments in these regions. Disturbance from sea ice scour is a dominant process
affecting the seafloor of the Beaufort and Chukchi shelves. Deep keels of icebergs moving
across the shelf scour sediments, causing chronic disturbance to benthic communities. Strudel
(drainage of large volumes of freshwater through the ice at holes and cracks) scouring of the
seafloor also occurs near the mouths of rivers during spring flood periods. Few species inhabit
the seafloor in waters shallower than 2 m (6.6 ft) deep because of the bottom fast ice, which
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prohibits overwintering of most organisms. This nearshore benthic area is recolonized each
summer, mainly by mobile, opportunistic, epifaunal crustaceans (amphipods, mysids,
cumaceans, and isopods, which are fed on primarily by waterfowl and fishes). In slightly deeper
water, the gouging of the seafloor by ice keels creates a habitat for opportunistic infauna
(e.g., small clams and other invertebrates), which are fed on by seabirds, fishes, and walrus
(Bluhm and Gradinger 2008). Surveys on the Chukchi Shelf revealed that tunicates,
echinoderms, jellies, crabs, polychaetes, and sponges make up most of the benthic biomass
(NPEMC 2009). Common fish on soft sediments included arctic cod (Arctogadus glacialis),
Pacific herring (Clupea pallasii), sculpins, and pollock (Theragra chalcogramma)

(NPFMC 2009). See Sections 3.8.4.3 and 3.8.5.3 for descriptions of fish and invertebrate
communities.

Food sources supporting soft-sediment habitat are highly seasonal and primarily derive
from terrestrial sources and from water column primary and secondary production originating
locally or advected from the Bering Sea. Data from the Northern Bering Sea and the Chukchi
Sea suggests there is a strong coupling between phytoplankton biomass and benthic invertebrate
biomass (also known as benthic-pelagic coupling), suggesting that communities on seafloor
habitats rely strongly on organic matter originating from the water column. These benthic
communities in turn support higher trophic levels such as benthic feeding birds and marine
mammals (Dunton et al. 2005; Grebmeier et al. 2006). Thus, the fact that the biomass of benthic
invertebrates in Chukchi Shelf sediments is higher than that in Beaufort Shelf sediments is
thought to result from the higher phytoplankton and organic matter available on the former
(Dunton et al. 2005). In contrast, benthic communities on the Beaufort Shelf do not appear to be
related to phytoplankton biomass but rather to the availability of terrestrial organic matter from
coastal erosion or riverine inputs (Dunton et al. 2006). Organic matter released from sea ice
habitat is another food source that may be critical to benthic species in certain locations and
seasons. For example, early life stages of benthic invertebrates are commonly found in the water
column associated with sea ice (Gradinger and Bluhm 2005). In addition, much of the
phytoplankton from ice-edge blooms associated with the spring sea ice melt is exported to the
seafloor because of the low zooplankton density in the water column in the early spring (Bluhm
and Gradinger 2008).

Hard-bottom seafloor habitat is also present, primarily in the form of cobble and boulders
distributed sporadically along the inner Beaufort and Chukchi shelves and in the Barrow Canyon
(MMS 2002a). Three such locations are in Stefansson Sound and western Camden Bay in the
Beaufort Sea and in Peard Bay in the Chukchi Sea (MMS 2003b, Section 111.B.1.b; BLM and
MMS 2003b, Section I11.A.2.c(3)). In addition, Peard Bay and the Stefansson Sound Boulder
Patch have kelp communities, with the latter having the largest brown kelp (Laminaria
solidungula) community in the Alaskan Arctic (Phillips et al. 1984; Dunton et al. 2004;

Figure 3.7.2-4). The resident species are found at higher diversity, abundance, and biomass in
boulder patches than in surrounding areas and are composed of a unique community of algae,
bryozoans, hydroids, polychaetes, bivalves, crustaceans, and the soft coral associated with them
(Iken 2009). Sediment inputs from rivers and ice scouring are primary controls on biological
productivity in boulder habitat. Results of a recent study conducted under the BOEM Acrctic
Nearshore Impact Monitoring in the Development Area (ANIMIDA) Program demonstrated that
suspended sediment can reduce the light available for kelp production during open-water periods
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of summer (Dunton et al. 2004) and that kelp productivity is significantly reduced in years where
sediment loading is high (Aumack et al. 2007). The reduced photosynthesis can result from
sediment coating kelp blades or reducing light penetration into the water column. Multiple
studies have also demonstrated that boulder habitats are subject to frequent disturbance from the
freezing and thawing of ice. If significantly scoured or overturned, communities associated with
boulders are slow (2 or more years) to begin recovery, with full recovery taking a decade or more
(Konar 2007 and references therein).

Although no drilling is proposed on the Beaufort or Chukchi slope, in recent
investigations, “pock marks” were discovered on the Chukchi slope (MacDonald et al. 2005).
These crater-like features are about 1 km (3,281 ft) in diameter and 40 m (131 ft) deep and are
located between the 500-m and 1,000-m (1,640-ft and 3,280-ft) isobath. The abundance and
diversity of invertebrates were higher in the pock marks than in the surrounding sediments.
Brittle stars, various types of anemones, shrimps, eel pouts, stalked crinoids, benthic ctenophore,
gooseneck barnacles, mysids, and holothurians were the most abundant epifauna. Polychaetes,
foraminiferans, nemertineans, cnidarians, peanut worms, and clams were the most abundant
infauna (MacDonald et al. 2005).

Climate Change Effects on Arctic Marine Benthic Habitats. Continuing trends in
climate change are expected to result in chemical, physical, and hydrologic changes in the
Alaska Fjordland Shelf and Beaufort/Chukchian Shelf Ecoregion. For example, increased river
discharge is expected to alter the salinity, temperature, and turbidity regimes in nearshore benthic
habitat (Arctic Council 2005; Hopcroft et al. 2008), potentially resulting in changes in the
composition, abundance, and diversity of sessile benthic communities.

The predicted decrease in the extent and duration of sea ice also has implications for
benthic habitat. The retreat of the summer sea-ice cover from the coastline during the last few
decades (Arctic Council 2005) has created an unusually wide expanse of open water, which has
led to the formation of large storm waves that cause shoreline erosion and consequent changes to
the intertidal and shallow subtidal benthic habitats. A reduction in the extent of sea-ice cover
may also reduce the intensity of benthic scouring. A decrease in the sea-ice cover will adversely
affect sea-ice-dependent benthic biota and reduce the seasonally important pulse of sea-ice
organic matter to the seafloor. Recent data also suggests that benthic-pelagic coupling could be
weakened if the existing temperature increases and reductions in sea ice continue in the Arctic.
A reduction in organic matter inputs to the benthos could reduce benthic productivity and shift
the system from a benthic-dominated food web to a more pelagic-oriented system dominated by
pelagic fishes (Grebmeier et al. 2006). Benthic feeding birds and marine mammals could suffer
from the reduced benthic productivity (Grebmeier et al. 2006). Such changes are less likely to
affect the Beaufort Sea than the Chukchi Sea, where there is tight benthic-pelagic coupling
(Hopcroft et al. 2008). The loss of sea-ice organic-matter deposition may be made up for by
higher open water phytoplankton productivity, some of which will settle to the seafloor.

Climate change also has several potential implications for hard-bottom habitat. The
reduction in sea-ice cover may reduce the spatial and temporal extent of scouring, and it may
also increase wave action, which could result in more frequent disturbance of slow-recovering
Boulder Patch habitats. The increase in total suspended solids due to coastal erosion and the
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greater riverine sediment loading could increase turbidity in the water column and consequently
decrease the penetration of photosynthetically active radiation available for kelp production
(Hopcroft et al. 2008).

3.7.3 Marine Pelagic Habitats

Marine pelagic habitats exist in the water column rather than the seafloor, and include the
water surface. The following sections focus on the water column as habitat for biota. See
Section 3.4 for a discussion of water quality in the GOM, Cook Inlet Planning Area, and the
Beaufort and Chukchi Sea Planning Areas.

3.7.3.1 Gulf of Mexico

3.7.3.1.1 Water Column. Pelagic habitats in the GOM include unique habitats such as
drifting surface Sargassum and areas where dynamic ocean circulation processes result in high
biological productivity. The Mississippi and Texas Estuarine Areas have high inputs of riverine
nutrients, which promote phytoplankton productivity in the surface water; this, in turn, supports a
high biomass of vertebrate and invertebrate consumers. Primary production is typically limited
by nutrients whose concentrations are greatly reduced in the absence of riverine inputs.
Therefore, primary production decreases to the west and east with distance from the Mississippi
River, and it decreases from the Mississippi and Texas Estuarine Areas seaward to the neritic
ecoregions, where the phytoplankton are dominated by small picophytoplankton, dinoflagellates,
and cyanobacteria (Hulbert and Corwin 1972; Wawrik and Paul 2004). Oceanic waters beyond
the continental shelf edge are similarly unproductive. Although most oceanic waters are
relatively unproductive, there are areas of temporarily high productivity. For example,
upwelling zones occur along the edge of the GOM shelf, where deepwater moves up the
continental slope, bringing nutrients into the photic zone. The combination of high irradiance
and high nutrient levels allows seasonally high primary and secondary production in upwelling
zones. The DeSoto and Mississippi Canyons are important upwelling zones in the Central
Planning Areas, and the south Texas shelf is an upwelling zone in the Western Planning Area
(GMFMC 2004; Walker et al. 2005; Zavala-Hidalgo et al. 2006).

Most pelagic primary consumers are temporary or permanent zooplankton. Temporary
zooplankton are larval stages of fish and invertebrates that mature in the marine environment or
are transported into estuaries where they will reach their juvenile stage. Permanent zooplankton
remain in a planktonic state for their entire life cycle. Zooplankton serve as critical food sources.
They also play a key role in recycling nutrients within the water column and in transferring water
column primary production to sediment consumers in the form of fecal pellets and carcasses.

Pelagic waters can be classified into zones on the basis of their depth (Bond 1996).
Epipelagic habit is defined as the upper 200 m (656 ft) of the water column. Because of the high
clarity of the water, light penetrates deeply enough to support limited primary production in
water as deep as 200 m (656 ft). Below this euphotic zone, light levels and consequently
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primary production are limited or nonexistent. Below the epipelagic zone, the water column may
be layered into the mesopelagic zone (200 to 1,000 m [656 to 3,281 ft]) and bathypelagic
(>1,000 m [>3,281 ft]) zone. To overcome the low availability of food at depth, many
mesopelagic fishes and megaplankton spend their days in depths of 200 to 1,000 m (656 to

3,281 ft) but migrate vertically at night into food-rich near-surface waters. Mesopelagic fish and
zooplankton are important ecologically because they transfer significant amounts of energy
between mesopelagic and epipelagic zones over each daily cycle. For example, the lanternfishes,
which are abundant mid-water species in the GOM, are important prey for meso- and epipelagic
predators like tuna (Hopkins et al. 1997).

The bathypelagic zone is an aphotic, food-poor habitat. Consequently, predators and
scavengers dominate this zone. The base of the food web is relatively degraded particulate
falling from the photic zone. This material can aggregate into larger particles called marine
snow. Many organisms occupying the bathypelagic zone have evolved adaptations to the harsh
physical and chemical conditions; these include a lowered metabolic rate and soft bodies with
high water content to reduce the need for food and hypercephelization and large jaws to swallow
a greater size range of prey (Miller 2004). Deeper-dwelling (bathypelagic) fishes are composed
of strange, little-known species, such as snipe eels (family Nemichthyidae), slickheads (family
Alepocephalidae), bigscales (family Melamphaidae), and whalefishes (family Cetomimidae)
(McEachran and Fechhelm 1998). Most species are capable of producing and emitting light
(bioluminescence) to aid communication in an environment devoid of sunlight.

The ecological effects of the DWH event are still being investigated. However, data
collected from recent research cruises indicate that some tentative conclusions can be made
about the effect of the spill on marine pelagic habitats. The spill released both oil and methane
gas into the water column. Some of it rose to the surface above the well, and some of it was
entrained in bottom currents, forming a subsurface plume. Surveys in late June 2010 indicated
that there was a subsurface methane plume in 800 to 1,200 m (2,625 to 3,937 ft) of water that
extended from the DWH. However, by September 2010, the plume had not been found, despite
extensive areal sampling coverage (Kessler et al. 2011). Also in June 2010, an oil plume
trending southwest from the well was found at a depth of 1,100 m (3,609 ft); it extended 35 km
(22 mi) from the wellhead. The plume was as thick as 200 m (656 ft) and up to 2 km (6,562 ft)
in width (Camilli et al. 2010). Dispersants were also found in the subsurface oil plume; their
concentrations decreased significantly with time and distance from the well as a result of their
dilution with seawater (Kujawinski et al. 2011). However, dispersant was still detectable at low,
nontoxic levels up to 300 km (186 mi) away from the wellhead 64 days after the dispersant
release ended, suggesting slow natural breakdown (Kujawinski et al. 2011). The DWH event
also changed pelagic microbial communities. The amount of menthanotropic and oil-eating
bacteria increased greatly after the DWH event (Camilli et al. 2010; Kessler et al. 2011).
However, the increase in microbial biomass did not result in significant oxygen depletion, even
in deep water. The hydrocarbons appeared to be assimilated by bacteria and transferred up
through the zooplankton food web (Graham et al. 2010). These studies suggest the GOM has a
tremendous natural capacity to assimilate accidental oil spills.
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3.7.3.1.2 Pelagic Sargassum Habitat. Floating Sargassum mats are present in neritic
and oceanic waters (Figure 3.7.3-1). Sargassum in the GOM consists of three species of brown
algae: Sargassum natans (80%) S. fluitans (10%), and detached sessile S. filapendula (10%)
(GMFMC 2004). Satellite maps indicate that Sargassum originates in the northwest GOM in the
spring and is transported through the Florida Straits into the Atlantic Ocean via the Loop Current
and Gulf Stream (Gower and King 2008). Its abundance is highest in the summer and decreases
in the fall and winter (Figure 3.7.3-1). Sargassum is distributed over the entire GOM in shelf,
basin, and slope waters.

As many as 54 fish species are closely associated with floating Sargassum at some point
in their life cycle, but only two species spend their entire lives there: the Sargassum fish (Histrio
histrio) and the Sargassum pipefish (Syngnathus pelagicus) (MMS 1999). Hydroids,
anthozoans, flatworms, bryozoans, polychaetes, gastropods, nudibranchs, bivalves, cephalopods,
pycnogonids, isopods, amphipods, copepods, decapod crustaceans, insects, and tunicates can all
be found in the Sargassum-associated invertebrate community (GMFMC 2004). Most fish
associated with Sargassum are temporary residents, such as juvenile stages of species that reside
in shelf or coastal waters as adults (MMS 1999). Sargassum mats are also recognized as
preferred habitat for hatchling sea turtles (Carr and Meylan 1980). These species subsist on the
shrimp and crabs that dominate the invertebrate biomass within the Sargassum mat. Several
large fish species of recreational or commercial importance — including dolphin fish, yellowfin
tuna, blackfin tuna, skipjack tuna, Atlantic bonito, little tunny, and wahoo — feed on the small
fishes and invertebrates attracted to Sargassum (Morgan et al. 1985; MMS 1999).

3.7.3.1.3 Climate Change Effects on GOM Marine Pelagic Habitats. See Water
Quality, in Section 3.4.1, for a discussion of the potential effects of climate change on water
quality in the GOM.

Climate change may affect water column productivity and ecosystem processes
(Table 3.7.3-1). Surface water phytoplankton productivity in nearshore and mid-shelf areas is
likely to increase during the spring because of the greater discharge of nutrient-rich river water
into the GOM (Rabalais et al. 2010). The composition of the phytoplankton community may
also change to reflect the new nutrient, salinity, and temperature regime, although the nature of
the changes is unknown. Some have predicted that silica limitation in the face of greater nutrient
inputs may reduce the relative abundance of diatoms in favor of nuisance phytoplankton such as
dinoflagellates (Turner 2001). If this were to occur, the traditional diatom-zooplankton food web
could potentially shift to a microbial-based food web, resulting in a reduction in energy transfer
to higher trophic levels. Along with increased primary production in the springtime, the greater
freshwater inputs and surface water temperature may promote water column stratification;
together, these could promote the development and expansion of the existing GOM Dead Zone
(area of hypoxic or anoxic water that develops seasonally in the GOM). In the summer, the
productivity of surface water phytoplankton may decrease because higher water temperatures
may promote greater thermal stratification and reduce the transfer of nutrients to the upper water
column. However, the expected increase in the frequency and severity of tropical storms may
promote water column turnover and reduce the duration of hypoxic conditions
(Rabalais et al. 2010).
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FIGURE 3.7.3-1 Areas of High Abundance of Sargassum in the GOM in (a) Early Spring,
(b) Spring and Summer, and (c) Fall. General Trajectory of Sargassum Movement Is Shown in (d).
Map based on satellite data collected by Gower and King (2008)

The impact of increased atmospheric CO» on pelagic productivity is complicated and
difficult to predict. Increased CO» could increase primary productivity by increasing the carbon
available for photosynthesis. However, greater CO2 has also resulted in the formation of
carbonic acid at the expense of carbonates in seawater. Aside from affecting pelagic
invertebrates (Section 3.8.5.1), ocean acidification could also negatively affect calcifying
phytoplankton species such as the coccolithophores (Royal Society 2005), which are often a
dominant primary producer found in low-nutrient waters over the outer continental shelf and
slope. However, other research suggests coccolithophore productivity will increase with greater
CO2 concentrations (Royal Society 2005).

3.7.3.2 Alaska — Cook Inlet
See Section 3.4.2 for a discussion of water quality in Cook Inlet. Cook Inlet pelagic

waters are influenced by riverine and marine inputs, resulting in salinity gradients and horizontal
mixing near the inlet. In general, extensive areas of pack ice do not form in Cook Inlet because
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TABLE 3.7.3-1 Summary of Potential Changes in the Marine and Pelagic Habitats of the Northern GOM Marine Ecoregion That

Could Result from Climate Change

Climate Change
Impact Factor

Soft Sediment

Coral

Hard Bottom

Deepwater
Coral

Chemosynthetic
Communities

Pelagic Habitat

Sea level rise

Temperature
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Ocean

acidification

Increased storm
frequency

Changesin
biogeochemical
processes; changes
in food inputs to the
seafloor

Increase in benthic
disturbance

Decrease in light
availability

Increase in coral
bleaching

Decrease in growth

and distribution

Physical damage to
corals

Changes in food
inputs to the
seafloor

Decrease in coral
growth

Physical damage
and scouring

Changes in food
inputs to the
seafloor

Decrease in
growth and
distribution

Decrease in growth
of chemosynthetic
mussels and clams

Greater water column
stratification; changes in
water column productivity

Changes in phytoplankton
composition

Greater mixing of water
column

Increased river ~ Physiological stress  Increased nutrients  Physiological Could affect Could affect Greater water column
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changes in reduce light organisms canyons canyons in water chemistry;
biogeochemical penetration changes in water column
processes productivity

TTOZ 13qUWIBsAON

S13 onewweibo.ad yeiq weaboid BuisesT ses pue |10 SO0 £102-2T02

304
10dsn



O©oo~NOoO ol WwN -

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

of the large tidal range and strong tidal currents. However, seasonal ice is observed during the
winter (MMS 2003a). The Shelikof Strait is relatively ice free even in winter (MMS 2003a).
Pelagic habitat in Cook Inlet is highly productive, with phytoplankton biomass peaking in the
spring. The spring phytoplankton bloom begins as the water column stratifies and light levels
increase. However, productivity remains high in summer because of the resuspension of
nutrient-rich bottom sediments due to tidal flux and strong winds. There is spatial variation in
productivity as well, with the west side of Cook Inlet having lower primary and secondary
production due to greater sediment loading. Diatoms and microflagellates, many of them
advected from the Gulf of Alaska, dominate the phytoplankton assemblage.

In Shelikof Strait, studies indicate that the densities of zooplankton and pollack eggs
are higher than in the adjacent continental shelf, and interannual variation in both appears to
be controlled primarily by physical factors such as currents, salinity, and temperature, which
in turn influence biologically important variables such as phytoplankton production (Kendall et
al. 1996; Napp et al. 1996; Incze et al. 1997; Speckman et al. 2005; Bacheler et al. 2009).
Zooplankton are dominated by copepods of estuarine, continental shelf, and marine origin
(Incze et al. 1997; Speckman et al. 2005).

The fate of phytoplankton depends on the timing of the spring phytoplankton bloom.
Zooplankton biomass in Cook Inlet tracks seasonal peaks in phytoplankton. Zooplankton can
consume a high proportion of phytoplankton biomass in years with a prolonged lower density
bloom (Eslinger et al. 2001). However, in years with a short high-density bloom, zooplankton
consumption cannot keep up with phytoplankton production and much of the phytoplankton is
exported to the seafloor.

Climate Change Effects on Cook Inlet Planning Area Pelagic Habitat. See
Section 3.4.2 for a discussion of climate change and water resources in Cook Inlet. The effects
of climate change on pelagic habitat in Cook Inlet are difficult to predict with certainty because
of the complexity of the system. However, current and predicted trends suggest climate change
will significantly alter the chemical, physical, and hydrologic properties of pelagic habitat, which
will in turn alter biological communities. For example, the predicted increase in river discharge
could change the salinity, temperature, and turbidity regimes in nearshore areas and alter the
composition of existing phytoplankton communities. The rise in ocean temperature may also
increase yearly phytoplankton productivity and alter the timing and duration of phytoplankton
blooms.

Ocean acidification from increasing CO> inputs into the ocean is also predicted to
continue in Alaskan waters and may reduce the availability of calcite and aragonite to calcifying
marine organisms. In the Gulf of Alaska, carbonate undersaturated water from the outer shelf
and slope periodically moves inshore, potentially reducing the abundance of calcifying
invertebrate prey for commercially important species such as salmon and pollock
(Fabry et al. 2009).
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3.7.3.3 Alaska — Arctic

Water depths in the Beaufort and Chukchi Sea Planning Areas range up to 3,800 m
(12,467 ft). Section 3.4.3 has a detailed description of the physical and chemical characteristics
of the water column. In both planning areas, oil and gas exploration and production activities
would generally occur in the inner shelf in water depths up to 200 m (656 ft).

The Beaufort Sea and Chukchi Sea are characterized by distinct hydrographic and
productivity regimes. Both systems undergo extended seasonal periods of frigid and harsh
environmental conditions, reduced light, seasonal darkness, prolonged low temperatures, and ice
cover. The lack of sunlight and extensive ice cover in arctic latitudes during winter months
greatly reduces primary and secondary productivity (Craig 1989).

Pelagic habitat in the Beaufort/Chukchi Marine Ecoregion consists of ice-free open water
and high-productivity areas of open water surrounded by sea ice (polynyas). Productivity in the
water column is primarily controlled by temperature, nutrients, light, and the amount of sea ice in
a given year. Phytoplankton productivity is highest in the summer when temperatures are
highest (Hopcroft et al. 2008) and when nutrient and solar irradiance are most conducive to
productivity. Phytoplankton productivity gradually decreases from the southwestern Chukchi
Sea to the east to the Beaufort Sea (especially east of Point Barrow) and from inshore to offshore
areas, although there are isolated mid-shelf upwelling regions where productivity is higher than it
is in the surrounding water. The east-to-west trend is thought to be caused by the import of
nutrients, phytoplankton, and organic matter-rich water into the Chukchi Sea from the adjacent
Bering Sea (Dunton et al. 2005) as well as the cold nutrient-poor water flowing into the Beaufort
Sea from the Atlantic. Sea ice is also a primary influence on primary productivity, and nutrients
from upwelling off the Barrow and Herald Canyons can also be delivered to the continental shelf
(Pickart et al. 2009). Phytoplankton productivity is highest in warmer years with less sea ice
because of the higher areal extent of surface water solar irradiance and the longer growing
season (Wang et al. 2005).

There are multiple fates for water column productivity, and they depend highly on the
timing of phytoplankton and zooplankton activity. In the early spring when waters are still cold,
zooplankton (primarily protozoans and copepods) are not as active, and much of the productivity
may be exported to the seafloor, where it is a critical subsidy for the benthic food web. In late
spring and summer, however, during periods of active zooplankton growth, much of the
productivity may be consumed in the water column (Hopcroft et al. 2008). In general, the
Chukchi exhibits strong benthic-pelagic coupling, with high flux of phytoplankton and organic
matter from open water areas (including polynyas) to the sediment. The production may also be
advected to deep waters of the Canada Basin (Cooper et al. 2002; Bates et al. 2005).

Pelagic habitats of the Arctic contain classes of organisms similar to those found in
subarctic and temperate waters, such as protozoan microzooplankton, copepods, euphausiids,
shrimp, larvaceans, cnidarians, ctenophores, pteropods, and squid. The pelagic fish assemblage
is dominated by arctic cod, whitefish (Coregonus), capelin (Mallotus villosus), and herring. All
of these resources are important forage for marine mammals and birds. See Sections 3.8.4.3 and
3.8.5.3 for a discussion of arctic fish and invertebrates.
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3.7.3.3.1 Sea Ice. Seaice is an important habitat in the northern Beaufort and Chukchi
Seas; it exists for variable periods in the colder months of the year near the coastline and
perennially closer to the shelf edge and basin. Sea ice is more extensive and lasts longer in the
Beaufort Sea than the Chukchi Sea. Algae growing on the underside of sea ice can be the
primary source of productivity in northern areas of the shelf with permanent ice cover, and sea
ice algal productivity and biomass can exceed the productivity of the water column during the
spring (Gradinger 2009). One primary control over the growth of sea ice algae is the availability
of light under the ice, which is a function of snow cover, ice thickness, and sediment loading; all
of which are negatively related to productivity. In addition to the diatoms that dominate the algal
assemblage, sea-ice communities contain a diverse mixture of bacteria, protozoans, and a rich
meiofaunal and macroinvertebrate community dominated by amphipods, copepods, and
nematodes. These organisms are, in turn, fed upon by higher trophic-level consumers, such as
arctic cod, seals, and birds. In addition, sea ice provides shelter and resting habitat for marine
mammals and birds. Sea ice also supports the early life stages of fish (especially arctic cod) and
benthic invertebrates by providing temporary habitat (particularly nearshore sea ice) or by
exporting seasonal pulses of organic matter to the seafloor (Gradinger and Bluhm 2005; Bluhm
and Gradinger 2008). In addition, by trapping and transporting nutrients, sea ice can increase the
spatial extent of nutrient availability to phytoplankton. Sea ice is responsible for strong ice-edge
phytoplantkon blooms, which occur as melting sea ice releases organic matter and fresh water,
creating a stratified upper water column high in nutrients (Hopcroft et al. 2008).

3.7.3.3.2 Climate Change. See Section 3.4.3 for a discussion of climate change and
water resources in the Beaufort and Chukchi Seas. The effects of climate change on pelagic
habitat in the Beaufort/Chukchi shelf are difficult to predict with certainty because of the
complexity of the system. However, current trends suggest climate change will significantly
alter the chemical, physical, and hydrologic properties of pelagic habitat, which will, in turn,
affect biological communities. For example, increased river discharge is expected to alter the
salinity, temperature, and turbidity regimes in nearshore areas (Hopcroft et al. 2008), which
could change the distribution, abundance, and composition of existing phytoplankton and
zooplankton communities (Section 3.8.5.3). Several rivers flow into the Beaufort shelf and this
region may be more heavily affected than the western Chukchi shelf. The effects of increased
river discharge on phytoplankton are difficult to predict because, although rivers deliver nutrients
to coastal regions, the increase in sediment load could also reduce the availability of light.

Climate change in the Arctic is affecting the arctic sea ice cover, which has retreated
unusually far from the coastline during the last few decades (Arctic Council 2005). Climate
change is expected to decrease the spatial extent and temporal duration of sea ice as well as make
the ice thinner. Recent studies suggest the amount of ice formed in the winter is not sufficient to
replace the amount of ice lost in the summer;