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What's in This Chapter?

of a single proposed lease sale.
o Resources analyzed are as follows:
— Air Quality -
— Water Quality -
— Coastal Habitats (Estuarine Systems,
and Coastal Barrier Beaches and
Associated Dunes) =
— Deepwater Benthic Communities -
— Sargassum and Associated =
Communities _
— Live Bottom Habitats (Topographic =
Features, and Pinnacles and
Low-Relief Features)
— Fishes and Invertebrate Resources

Birds

information.
e Other analyses in this chapter include the following:
— Unavoidable Adverse Impacts of a Proposed Action
— lrreversible and Irretrievable Commitment of Resources

and Enhancement of Long-term Productivity

e Chapter 4 describes the affected environment and potential environmental consequences

Protected Species (Marine Mammals,
Sea Turtles, Beach Mice, Protected
Birds, and Protected Corals)
Commercial Fisheries

Recreational Fishing

Recreational Resources
Archaeological Resources
Socioeconomic Issues (Land Use and
Coastal Infrastructure, Economic
Factors, and Social Factors, Including
Environmental Justice)

e |Impact-producing factors and impact-level definitions are identified for each resource.

e The analyses of environmental consequences consider the potential impacts from routine
activities, accidental events, and cumulative impacts; and incomplete or unavailable

— Relationship Between the Short-term Use of Man’s Environment and the Maintenance

4 DESCRIPTION OF THE AFFECTED ENVIRONMENT AND IMPACT

ANALYSIS

4.0 OVERVIEW

As discussed in Chapter 1.3, BOEM makes individual
decisions on whether and how to proceed with each lease sale
pursuant to the OCSLA’s staged leasing process. Therefore, the
analysis presented here is for a single proposed lease sale.
However, since this is a programmatic analysis, this Multisale EIS
will be used to support all 10 lease sale decisions. Additional NEPA
reviews (e.g., a Determination of NEPA Adequacy, an EA or, if
determined necessary, a Supplemental EIS) will be conducted prior
to subsequent lease sale decisions. This chapter describes the
affected environment and the potential impacts of routine activities,
reasonably foreseeable accidental events, and cumulative impacts
caused by a proposed lease sale and the alternatives on these
resources.

Chapter 4 describes the
affected environment and
potential environmental
consequences of a single
proposed lease sale.
This Multisale EIS tiers
from and uses the
information contained in
the Five-Year Program
EIS (USDOI, BOEM,
2016b).

This chapter is organized by groups of resources. The chapter is divided into the physical
factors (i.e., air and water quality), biological factors (i.e., habitat resources followed by the fauna
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that are found in or utilize these habitats), and finally the social environment, including environmental
justice, commercial fisheries, recreational resources, and land use.
e Air Quality (Chapter 4.1)
e Water Quality (Chapter 4.2)
e Habitat Resources
— Coastal Habitats (Chapter 4.3)
— Deepwater Benthic Communities (Chapter 4.4)
— Sargassum and Associated Communities (Chapter 4.5)
— Live Bottom Habitats (Chapter 4.6)
o Faunal Resources
— Fish and Invertebrate Resources (Chapter 4.7)
— Birds (Chapter 4.8)
— Protected Species (Chapter 4.9)
e Social Environment
— Commercial Fisheries (Chapter 4.10)
— Recreational Fishing (Chapter 4.11)
— Recreational Resources (Chapter 4.12)
— Archaeological Resources (Chapter 4.13)
— Human Resources and Land Use (Chapter 4.14)
The habitat resource chapters focus on the impact-producing factors that would affect their
environment while the other chapters concentrate on the biological effects of impact-producing

factors on fauna and human resources. To decrease repetition, the habitat information is generally
not restated in the fauna chapters and vice versa.

Analysts concentrated on providing a focused analysis, using illustrations to communicate
key concepts, and including more detailed, technical information in supporting appendices.
Furthermore, supporting technical information in previous NEPA reviews have been developed as
white papers and are summarized and incorporated by reference as appropriate. These white
papers include the OCS Regulatory Framework (Cameron and Matthews, and 2016), Catastrophic
Spill Event Analysis (USDOI, BOEM, 2017), Essential Fish Habitat Assessment (USDOI, BOEM,
2016d), and Potential Lifecycle Greenhouse Gas Emissions and Social Cost of Carbon (W olvovsky
and Anderson, 2016). This Multisale EIS also tiers from and uses information contained in the Outer
Continental Shelf Oil and Gas Leasing Program: 2017-2022; Final Programmatic Environmental
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Impact Statement (Five-Year Program EIS; USDOI, BOEM, 2016b). Programmatic aspects of the
potential impacts of climate change relative to the environmental baseline for the Gulf of Mexico
OCS Program are discussed within each resource and in Chapter 4 of the Five-Year Program EIS.

This Multisale EIS was prepared with consideration of potential changes to or new
information about the baseline conditions of the physical, biological, and socioeconomic resources.
Current baselines (including past and present events) are described for all resources under their
respective “Affected Environment” subchapters in this Multisale EIS. Past events such as
Hurricanes Katrina and Rita and the Deepwater Horizon explosion, oil spill, and response have the
potential to adversely affect multiple resources over a large area. Specific to the Deepwater
Horizon, the Deepwater Horizon Natural Resource Trustees (Trustees) has completed the
Deepwater Horizon Oil Spill: Final Programmatic Damage Assessment and Restoration Plan and
Final Programmatic Environmental Impact Statement (PDARP/PEIS) (Deepwater Horizon Natural
Resource Damage Assessment Trustees, 2016), which has the purpose and need of assessing and
creating restoration plans to relieve injuries from the Deepwater Horizon explosion, oil spill, and
response to natural resources and services. The injuries assessed within the PDARP/PEIS do not
necessarily equate the baseline as defined in NEPA. The level of adverse effect depends on many
factors, including the sensitivity of the resource as well as the sensitivity of the environment in which
the resource is located. All effects may not currently be known and some could take years to fully
develop (refer to the “Incomplete or Unavailable Information” for each resource). The analyses of
impacts from the Deepwater Horizon explosion, oil spill, and response on the physical, biological,
and socioeconomic resources in this Multisale EIS are based on credible scientific information that
was publicly available at the time this document was prepared. This credible scientific information
was applied using accepted methodologies, including numerical modeling of data and scientific
writing methods to convey the information of BOEM'’s subject-matter experts’ technical knowledge
and experience. However, BOEM and the Deepwater Horizon NRDA Trustee Council continue to
study, measure, and interpret impacts arising out of that spil. BOEM continues to analyze the
Deepwater Horizon explosion, oil spill, and response as information becomes available, and it was
evaluated as part of the baseline for resources in this Multisale EIS. Thus, there are instances in
which BOEM is faced with incomplete or unavailable information (refer to Chapter 4.0.2.4) that may
be relevant to evaluating reasonably foreseeable significant adverse impacts on the human
environment. Further, a low-probability catastrophic event and the resulting analysis of potential
effects are presented in the Catastrophic Spill Event Analysis white paper (USDOI, BOEM, 2017).

4.0.1 What Encompasses the Affected Environment for a Gulf of Mexico Lease
Sale?

Each resource chapter includes a unique description of the affected environment and an
analysis of the potential environmental consequences of the alternatives for that particular resource.
The Federal and State waters of the Gulf of Mexico and the adjacent coastal states are generally the
affected environment described in each resource chapter. Current baselines are described for all
resources under their respective “Affected Environment” sections. Specific to the PDARP/PEIS
(Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016), the altered baseline
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includes individual protected species directly affected by this unexpected unique catastrophic event.
BOEM understands that each oil-spill event is unique and that its outcome depends on several
factors, including time of year and location of the release relative to winds, currents, land, and
sensitive resources, as well as specifics of the well and response effort. BOEM also understands
that the severity of impacts from an oil spill cannot be predicated on volume alone. BOEM has
analyzed a low-probability catastrophic event (USDOI, BOEM, 2017) in conjunction with its analysis
of potential effects, as requested by CEQ pursuant to its regulation at 40 CFR § 1502.22. A
low-probability catastrophic spill is, by definition, not reasonably certain to occur. Other methods of
analysis are neither significantly limited in their applicability and availability nor would they provide
any meaningful or useful information to be used to assess the risk of catastrophic spill occurrence at
this programmatic level of oil and gas activities in the GOM. The return period of a catastrophic oil
spill in OCS areas is estimated to be 165 years, with a 95 percent confidence interval between
41 years and more than 500 years (Ji et al., 2014).

4.0.2 How are the Potential Environmental Consequences Determined?

The analyses of potential impacts to the wide variety of physical, environmental, and
socioeconomic resources in the vast area of the GOM and adjacent coastal areas is very complex.
For this Multisale EIS, a set of assumptions and a scenario were developed, along with descriptions

of impact-producing factors that could occur from routine
OCS oil- and gas-related activities, including accidental | An impact-producing factor is an
events. Analysis of the various alternatives considers these activity or process, as a result of a
impact-producing factors (described in detail in Chapter 3) proposed lease sale, that could
within a distinct framework that includes frequency, duration, | ~5use impacts on the

and geographic extent. Frequency (whether rare, | onvironmental or socioeconomic
intermittent, or continuous) refers to how often the factor setting. Chapter 3 provides a
occurs over the entire analysis period of 50 years for routine | gescription of all possible impact-
activities and accidental events. Duration refers to how long producing factors considered in
the factor lasts from less than a year to many years.

this analysis.

Geographic extent covers what areas are affected and,
depending on the factor, how large of an area is affected.

Using this information, the interdisciplinary team of subject-matter experts applies knowledge
and experience to conduct analyses of the potential effects of a proposed lease sale on assigned
resources. Specialized education, experience, and technical knowledge are required of these
subject-matter experts, as well as familiarity with the numerous impact-producing factors associated
with OCS oil- and gas-related activities and other activities that can cause cumulative impacts in the
area to conduct this analysis. Knowledge and practical working experience of major environmental
laws and regulations such as NEPA, the Clean Water Act, Clean Air Act, Coastal Zone Management
Act (CZMA), ESA, Marine Mammal Protection Act, Magnuson-Stevens Fishery Conservation and
Management Act, and others are also required to conduct this analysis. In order to accomplish this
task, BOEM has assembled an interdisciplinary team with many years of collective experience. The
vast majority of this team has advanced degrees with a high level of knowledge related to the
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particular resources discussed in this chapter. This team prepares the input to BOEM'’s lease sale
EISs and a variety of subsequent postlease NEPA reviews, and is also involved with ESA, EFH
Assessment, and CZMA consultations. In addition, this same staff is also directly involved with the
development of studies conducted by BOEM’s Environmental Studies Program. The results of these
studies feed directly into the Bureau of Ocean Energy Management's NEPA analyses.

How Were Impact Levels Defined?

The environmental consequences in each resource chapter include an analysis of applicable
impact-producing factors from the categories of routine activities, accidental events, and cumulative
impacts that would occur under any of the action alternatives (i.e, Alternatives A, B, C, and D).

It must be emphasized that, in arriving at the overall conclusions for certain environmental
resources (e.g., birds, fisheries, and wetlands) for each alternative, the conclusions are based on
potential impacts to the resources or species population as a whole, not to individuals, small groups
of animals, or small areas of habitat. BOEM analyzes
impacts on a finer geographic scale and mitigations that are
appropriate  for  consideration through site-specific
environmental reviews (refer to Appendix A). Each
resource topic discussion includes a threshold effects
determination and includes a resource-specific definition of
impact level. Additionally, potential beneficial effects of a
proposed action have also been considered and identified in
individual resource chapters. For example, implementation
of a proposed lease sale is anticipated to have beneficial
impacts in the Area of Interest for economics due to the
direct and indirect spending associated with the oil and gas
industry. For this Multisale EIS, effects thresholds are
defined using four categories of significance.

The potential magnitude of impact
using these resource-specific
definitions are provided in the
introduction of most resource
sections as a summary table to
help the reader quickly identify the
level of potential impacts for each
impact-producing factor. The
analysis supporting these
conclusions are then discussed in
detail in each resource chapter.

e Negligible — Impacts may or may not cause observable changes to natural
conditions; regardless, they do not reduce the integrity of a resource.

e Minor — Impacts cause observable and short-term changes to natural conditions
but they do not reduce the integrity of a resource.

e Moderate — Impacts cause observable and short-term changes to natural
conditions and/or they reduce the integrity of a resource.

e Major — Impacts cause observable and long-term changes to natural conditions
and they reduce the integrity of a resource.

The conclusions developed by BOEM'’s subject-matter experts regarding the potential effects
of a proposed lease sale for most resources are necessarily qualitative in nature; however, they are
based on the science-based judgment of the highly trained subject-matter experts. Staff approach
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this effort utilizing credible scientific information and apply it to the subject resources using accepted
methodologies. It is important to note that, barring another catastrophic oil spill, which is a low-
probability accidental event not expected to occur and therefore not part of a proposed action, the
adverse impacts associated with a proposed lease sale are expected to be small, and beneficial
impacts are projected as well for certain activities and species. This is because of BOEM'’s potential
use of lease sale stipulations and mitigations, site-specific mitigations that may become conditions of
plan or permit approval at the postlease stage, and mitigations required by other State and Federal
agencies that help to reduce or minimize many of the impacts. Over the years, a suite of lease
stipulations and mitigating measures has been developed to eliminate or ameliorate potential
environmental effects, where implemented (refer to Appendix B, “Commonly Applied Mitigation
Measures”). BOEM'’s primary mitigative method is the avoidance of impacts, which is primarily
implemented during approval of postlease activities. In many instances, these were developed in
coordination with other natural resource agencies such as NMFS and FWS. Informal and formal
consultation with other Federal agencies and affected States, and commenting opportunities for the
public are implemented to assist in the development of the information and analyses in this Multisale
EIS. Specifically, information requests soliciting input on the proposed lease sales were issued
during scoping for this Multisale EIS (refer to Chapter 5). The impact-level conclusions reached in
each resource area consider the applicable impact-producing factors, the level of activity, and the
geographic area of each alternative.

Lease sale stipulations considered for a proposed lease sale include the Topographic
Features Stipulation; Live Bottom (Pinnacle Trend) Stipulation; Military Areas Stipulation; Evacuation
Stipulation; Coordination Stipulation; Blocks South of Baldwin County, Alabama, Stipulation;
Protected Species Stipulation; United Nations Convention on the Law of the Sea Royalty Payment
Stipulation; Below Seabed Operations Stipulation; and the Stipulation on the Agreement between
the United States of America and the United Mexican States Concerning Transboundary
Hydrocarbon Reservoirs in the Gulf of Mexico (Transboundary Stipulation). The Topographic
Features and Live Bottom (Pinnacle Trend) Stipulations have been applied as programmatic
mitigation in the Five-Year Program EIS (USDOI, BOEM, 2016b) and, therefore, would apply to all
leases issued under the Five-Year Program in designated lease blocks. Site-specific postlease
mitigations may include buffer zones and avoidance criteria to protect sensitive resources such as
areas of deepwater benthic communities, topographic features, and historic shipwrecks. Mitigations
may also be required by other agencies (i.e., the U.S. Army Corps of Engineers and State CZM
agencies) to avoid or reduce impacts from OCS oil- and gas-related activities, e.g., boring under
beach shorelines and the rerouting of pipelines to reduce or eliminate impacts from OCS pipelines
that make landfall. These mitigations and their potential effect on reducing or eliminating impacts
from a proposed lease sale are analyzed in this chapter.

Under all four action alternatives, postlease activities would be reviewed on a case-by-case
basis and the applicable commonly applied mitigating measures (refer to Appendix B) would be
identified during site-specific reviews of plans and permits. This avoids excessive replication of
discussion of similar if not identical impacts throughout the entire document, allowing the reader to
focus on the differences between the alternatives.
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4.0.2.1 Routine Activities

The types of routine activities that could occur from all operations as a result of a single
lease sale are described in Chapter 3.1. The major types of routine activities include geological and
geophysical surveys; exploration, development, and production drilling; infrastructure emplacement
and presence; transportation, including pipelines, vessels, and helicopters; discharges and wastes;
decommissioning and removal; coastal infrastructure; air emissions; noise; and safety issues. The
time period for postlease activities related to a single lease sale is 50 years.

4.0.2.2 Accidental Events

A summary of the information on accidental events that are reasonably foreseeable from all
operations conducted under the OCS Program, as well as information on the number and sizes of
spills from non-OCS sources is provided in Chapter 3.2. The types of accidental events that could
reasonably be expected as a result of postlease activities include oil spills, losses of well control,
accidental air emissions, pipeline failures, vessel and helicopter collisions, chemical and drilling-fluid
spills, and spill response as a result of a proposed lease sale.

4.0.2.3 Cumulative Impacts

The cumulative analysis considers impacts to physical, biological, and socioeconomic
resources that may result from the incremental impact of a proposed lease sale when added to all
past, present, and reasonably foreseeable future human activities. However, most resources
consider the past and present cumulative impacts as part of the baseline environmental conditions,
and they are covered where relevant in the affected resource description. It is reasonably
foreseeable to assume that lease sales would continue to occur, as they have historically, for many
years to come in the Gulf of Mexico region, based on resource availability, existing infrastructure,
and projected time lapses required for any other major energy sources to come online. However,
the level of activities (exploration wells, production wells, and pipelines) becomes more speculative
as time is projected further into the future. The causes for this are uncertainty in long-term oil price
forecasts, resource potential, cost of development, and drill rig availability versus the amount of
acreage leased from a lease sale. Furthermore, OCSLA provides for phased decisionmaking, each
of which is a decision subject to NEPA. The OCSLA stages include the Five-Year Program stage to
identify a schedule of leases over the period; the lease sale stage; the exploration stage; the
development and production stage; and ultimately decisions on how a lessee may proceed with
decommissioning. These reviews require consideration of cumulative impacts that would factor in
changing environmental baselines, oil and gas price forecasts, and technology advancements,
among others. Additionally, even though continued consumer demand is likely, new advances in
technology (both on upstream development and production ends and downstream user ends) can
potentially change the level of projected activities and how they are conducted. These could further
minimize environmental risks. Technology advancements and organizational effectiveness could
also further reduce projected air emissions, wastewater quantities, and other impact producing
factors such as helicopter and vessel trips and accidental events.
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Therefore, cumulative impact assessment for this Multisale EIS considers existing
environmental baseline conditions, past OCS and non-OCS activities in the GOM, projected future
activities as a result of past lease sales, 50 years of incremental projected activities as a result of the
proposed lease sales during the 2017-2022 Five-Year Program, and reasonably assumes projected
activities for future lease sales based on current trends. Non-OCS oil- and gas-related activities
include, but are not limited to, import tankering; marine transportation; State oil and gas activity;
recreational, commercial, and military vessel traffic; offshore liquefied natural gas activity;
recreational and commercial fishing; onshore development; and natural processes. The time period
for reasonably foreseeable future actions are dependent upon the nature of each resource and are
therefore defined in each resource chapter. The types of cumulative activities that could reasonably
occur are described in Chapter 3.3.

4.0.2.4 Incomplete or Unavailable Information

Throughout this chapter, where information was incomplete or unavailable, BOEM complied
with its obligations under NEPA to determine if the information was relevant to reasonably
foreseeable significant adverse impacts; if so, whether it was essential to a reasoned choice among
alternatives; and, if it was essential, whether it can be obtained and whether the cost of obtaining the
information is exorbitant, as well as whether scientifically credible information using generally
accepted scientific methodologies can be applied in its place (40 CFR § 1502.22).

The most notable incomplete or unavailable information relates to some aspects of the
effects from the Deepwater Horizon explosion, oil spill, and response. Credible scientific data
regarding the potential short-term and long-term impacts from the Deepwater Horizon explosion, oil
spill, and response on some GOM resources have become available. However, information relating
to long-term effects continue to be studied and remain incomplete at this time, and it could be many
years before this information becomes available. The Deepwater Horizon NRDA Trustees Council
has released the PDARP/PEIS (Deepwater Horizon Natural Resource Damaage Assessment
Trustees, 2016). However, the information collected during the NRDA process that the assessment,
plan, and EIS used as a basis for their determinations are not yet publicly available (e.g., NRDA
technical working group reports). There remains information being developed through the NRDA
process, but it is not yet available as a final report. Nonetheless, BOEM’s subject-matter experts
acquired and used newly available, scientifically credible information; determined that other
additional information was not available absent exorbitant expenditures or could not be obtained
regardless of cost in a timely manner; and where gaps remained, exercised their best professional
judgment to extrapolate baseline conditions and impact analyses using accepted methodologies
based on credible information. While incomplete or unavailable information could conceivably result
in potential future shifts in baseline conditions of habitats that could affect BOEM'’s decisionmaking,
BOEM has determined that it can make an informed decision at this time without this incomplete or
unavailable information. BOEM’s subject-matter experts have applied other scientifically credible
information using accepted theoretical approaches and research methods, such as information on
related or surrogate species. Moreover, BOEM will continue to monitor these resources for effects
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caused by the Deepwater Horizon explosion, oil spill, and response, and will ensure that future
BOEM environmental reviews take into account any new information that may emerge.

Furthermore, BOEM has considered the reasonably foreseeable impacts of a low-probability
catastrophic oil spill in a white paper. These types of events, such as the one that resulted from the
Deepwater Horizon explosion, are not reasonably expected to occur and therefore are not part of a
proposed action. BOEM has prepared the Catastrophic Spill Event Analysis white paper, which
provides a summary of existing credible scientific evidence related to this issue and BOEM'’s
evaluation of the potential impacts to the physical, biological, and socioeconomic resources and
conditions based upon theoretical approaches or research methods generally accepted in the
scientific community (USDOI, BOEM, 2017). The white paper was included in previous lease sale
EISs as an appendix. To avoid repetition and redundancies, the white paper is incorporated by
reference and is publicly available on BOEM’'s website at http://www.boem.gov/nepaprocess/.
BOEM updated the analysis in the white paper and will update it again should new information
become available relevant to the reasonably foreseeable impacts of a catastrophic spill event.

Alternatives

Each resource chapter includes an analysis of the relevant impact-producing factors to that
specific resource from the routine activities, accidental events, and cumulative impacts that are
described in Chapter 3. After this general analysis, the scale and location of these activities, events,
and impacts are considered for each alternative.

4.0.2.5 Alternative A

In general, Alternative A could potentially result in 1.2-4.2 percent of the forecasted
cumulative OCS oil and gas activity in the Gulf of Mexico and would occur in the WPA, CPA, and
EPA portions of the proposed lease sale area. Most of the activity (up to 83%) of a proposed lease
sale under Alternative A is expected to occur in the CPA and EPA portions of the proposed lease
sale area, while up to 19 percent of the activity could occur in the WPA portion of the proposed lease
sale area. Approximately 75.4 million acres (82%) of the regionwide lease sale area would be
available for lease under this alternative.

4.0.2.6 Alternative B

Alternative B could potentially result in 1.0-3.6 percent of the forecasted cumulative OCS oil
and gas activity in the Gulf of Mexico, or a slightly smaller amount of activity than proposed for
Alternative A, and would be located geographically in the CPA and EPA portions of the proposed
lease sale area. Approximately 49.6 million acres (54%) of the regionwide lease sale area would be
available for lease. While all of the leases issued under this alternative would occur in the CPA and
EPA portions of the proposed lease sale area, activities such as vessel support and pipeline or
coastal infrastructure could occur in the WPA portion of the proposed lease sale area.
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4.0.2.7 Alternative C

Alternative C could potentially result in 0.2-0.6 percent of the forecasted cumulative OCS oil
and gas activity in the Gulf of Mexico, which is much smaller than either Alternative A or B.
Approximately 25.8 million acres (28%) of the regionwide lease sale area would be available for
lease. While all of the leases issued under this alternative would occur in the WPA portion of the
proposed lease sale area, activities such as vessel support and pipeline or coastal infrastructure
could occur in the CPA/EPA portion of the proposed lease sale area.

4.0.2.8 Alternative D

Under Alternative D, the number of blocks that would become unavailable for lease
represents only a small percentage of the total number of blocks to be offered under Alternative A,
B, or C (<4%, even if blocks subject to all three stipulations were excluded). However, it is also
possible (and BOEM believes more reasonable to expect) that Alternative D would only shift the
location of offshore infrastructure and activities farther from these sensitive zones and not lead to a
reduction in offshore infrastructure and activities.

4.0.2.9 Alternative E

Under Alternative E, there would be no routine activities or accidental events as a result of a
proposed lease sale. Therefore, there would be no associated impacts resulting from a proposed
lease sale. Cancellation of a proposed lease sale, however, would not stop all OCS oil- and gas-
related activities. Activities related to previously issued leases and permits (as well as those that
may be issued in the future under separate decision) related to the OCS oil and gas program would
continue and could have impacts similar to those described in each resource chapter. However, no
new activities related to a proposed lease sale would proceed and, therefore, those additional
impacts would be avoided.

This chapter has thoroughly examined the existing credible scientific evidence that is
relevant to evaluating the reasonably foreseeable significant impacts of a proposed lease sale and
the alternatives on the environment. All reasonably foreseeable impacts, including beneficial ones,
were considered. Impacts that could have catastrophic consequences, even if their probability of
occurrence is low, not reasonably expected, and not part of a proposed action are considered in the
Catastrophic Spill Event Analysis white paper (USDOI, BOEM, 2017). Throughout this chapter,
where information was incomplete or unavailable, BOEM complied with its obligations under NEPA
to determine if the information was relevant to reasonably foreseeable significant adverse impacts; if
so, whether it was essential to a reasoned choice among alternatives; and, if it was essential,
whether it can be obtained and whether the cost of obtaining the information is exorbitant, as well as
whether credible scientific information applied using generally accepted scientific methodologies can
be used in its place (40 CFR § 1502.22). BOEM has made conscientious efforts to comply with the
spirit and intent of NEPA and to be comprehensive in its analyses of potential environmental
impacts.
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4.1 AR QUALITY

The analyses of the potential impacts of routine activities and accidental events associated
with a GOM proposed lease sale and its incremental contribution to the cumulative impacts to air
quality are presented in this chapter. The approach of the analysis is to focus on the greatest
reasonably foreseeable impact-producing factors from OCS oil- and gas-related routine activities
(from exploration, development, and production), as well as accidental events and cumulative
impacts, and to define the impact levels for each. The impact-producing factors considered and
analyzed include (1) OCS oil- and gas-related emissions sources related to drilling and associated
vessel support, production and the connected action of vessel support, flaring and venting,
decommissioning, and oil spills; (2) other emissions not caused by OCS oil and gas development
(i.e., non-OCS oil- and gas-related emissions such as State oil and gas programs, onshore industrial
and transportation sources, and natural events); and (3) the incremental contribution of all postlease
activities as a result of a single proposed lease sale. The impact-level definitions and the analyses
supporting these conclusions are discussed in this chapter.

In order to assess the impacts from these oil- and gas-related activities, BOEM used an
emissions inventory along with air dispersion and photochemical modeling. While an emissions
inventory is an accounting of air emissions of criteria pollutants, precursors of criteria pollutants, and
hazardous air pollutants from a variety of air emission sources, the comprehensive data from the
inventory can be used to support air quality modeling. Typically, impacts are determined through
modeling, and concentrations are reported. These impacts are then compared with reference
measures, such as National Ambient Air Quality Standards (NAAQS), Significant Impact Levels, etc.,
to support impact conclusions. For this Multisale EIS analysis, BOEM used the following: (1) the
results of the Year 2011 Gulfwide Emissions Inventory (GWEI) study, herein incorporated by
reference (Wilson et al., 2014); (2) the changes in regulations as a result of the 2010 Deepwater
Horizon explosion, oil spill, and response to determine the impact-producing factors (Table 4-1) that
have the greatest impact potential in the GOM region; and (3) the results of the “Air Quality Modeling
in the Gulf of Mexico Region” study to determine impacts. Pollutants included the emissions
inventory support analysis of air quality impacts in terms of impacts on the attainment of the NAAQS
and on air quality-related values (AQRVSs), including acid deposition and visibility. The results of the
emissions inventory study and air modeling study are discussed later in this chapter. The “Air
Quality Modeling in the Gulf of Mexico Region” study includes technical support documents
(Appendices F-H) that provide detailed descriptions of the emissions data, meteorological and
photochemical grid, modeling parameters and methodology, and the results of the air quality impact
analysis.
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Table 4-1.  Air Quality Impact-Producing Factors That Are Reasonably Foreseeable.

Air Quality Magnitude of Potential Impact’

Impact-Producing Factors | Alternative A | Alternative B | Alternative C | Alternative D | Alternative E

Routine Impacts

Drilling Minor Minor Minor Minor None
Production Minor Minor Minor Minor None
Ve_s_sel Support durl_ng Minor Minor Minor Minor None
Drilling and Production

Routine Flaring and . . . :

Venting Minor Minor Minor Minor None
Decommissioning Minor Minor Minor Minor None

Accidental Impacts

Emergency Flaring and

Venting Minor Minor Minor Minor None

Oil Spills Minor Minor Minor Minor None
Cumulative Impacts

Incremental Contribution? Minor Minor Minor Minor None

OCS Oil and Gas® Moderate

Non-OCS Oil and Gas* Moderate

" The analysis supporting these conclusions is discussed in detail in the environmental consequences
“Environmental Consequences” chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.

* This includes other past, present, and reasonably foreseeable future activities occurring within the same
geographic range and within the same timeframes as a proposed action, but they are not related to the
OCS Oil and Gas Program.

Impact-Level Definitions

The following impact categories and definitions are used:

e Negligible — No measurable impact(s).

e Minor — Most impacts on the affected resource could be avoided with proper
mitigation; if impacts occur, the affected resource would recover completely
without mitigation once the impacting stressor is eliminated.

e Moderate — Impacts on the affected resource are unavoidable. The viability of
the affected resource is not threatened although some impacts may be
irreversible, or the affected resource would recover completely if proper
mitigation is applied or proper remedial action is taken once the impacting
stressor is eliminated.
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e Major — Impacts on the affected resource are unavoidable. The viability of the
affected resource may be threatened although some impacts may be irreversible,
and the affected resource would not fully recover even if proper mitigation is
applied or remedial action is implemented once the impacting stressor is
eliminated.

BOEM'’s Gulf of Mexico OCS Region manages the responsible development of oil, gas, and
mineral resources for the 430 million ac in the WPA, CPA, and a small portion of the EPA on the
OCS comprising the GOM region. The Gulf of Mexico OCS area of possible influence includes the
States of Texas, Louisiana, Mississippi, Alabama, and Florida. However, the Clean Air Act
Amendments of 1990 designated air quality authorities in the GOM, giving BOEM air quality
jurisdiction westward of 87°30" W. longitude and USEPA air quality jurisdiction eastward of
87°30' W. longitude. The USEPA air quality jurisdiction includes part of the CPA and all of the EPA,
while BOEM’s air quality jurisdiction includes most of the CPA and all of the WPA. This separation
of authority is depicted in Figure 4-1. In 2006, oil and gas leasing operations within 125 mi (201 km)
of the Florida coastline were placed under moratorium until 2022 under the Gulf of Mexico Energy
Security Act (GOMESA). The GOMESA moratoria area is depicted on Figure 2-1.

Figure 4-1. Gulf of Mexico Region with the Planning Areas, Nonattainment Areas, Air Quality
Jurisdiction, and Class | and Sensitive Class Il Areas. (Note: The South Atlantic Planning
Area was removed from the Five-Year Program.)

BOEM is required under the OCSLA (43 U.S.C. § 1334(a)(8)) to develop regulations to
ensure compliance with the NAAQS to the extent that OCS offshore oil and gas exploration,
development, and production sources do not significantly affect the air quality of any state pursuant
to the NAAQS. Since the primary NAAQS are designed to protect human health, BOEM focuses
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this Multisale EIS analysis on the impact of these activities on the States, where there are
permanent human populations. However, the potential impacts for the whole Gulf of Mexico region
were modeled, including the impacts at the State/seaward boundary of Gulf Coast States (3-9 nmi
[3.45-10.36 mi; 5.56-16.67-km] from shore, depending on the State). Detailed potential impacts from
the “Air Quality Modeling in the Gulf of Mexico Region” study are included in Appendix H.

4.1.1 Description of the Affected Environment

For this Multisale EIS analysis, the affected environment comprises the WPA, CPA, and
EPA, including the States of Texas, Louisiana, Mississippi, Alabama, and Florida, and the respective
State waters. This area also includes national parks and Federal wilderness areas where air quality
and AQRVs (primarily visibility) are protected more stringently than under the NAAQS. These
protected Class | areas in the GOM region include the following: the Breton Wilderness Area in
Louisiana; and the Bradwell Bay Wilderness Area, Chassahowitza National Wilderness Area,
Everglades National Park, and St. Marks Wilderness Area in Florida.

The Clean Air Act Amendments of 1977 designated 156 Class | areas, consisting of national
parks and wilderness areas that are offered special protection for air quality and the AQRVs. The
Class | areas, compared to the Class Il areas, have lower PSD air quality increments that new
sources may not exceed and are protected against excessive increases in several AQRVs, including
visibility impairment, acid (sulfur and nitrogen) deposition, and nitrogen eutrophication. The
Regional Haze Rule (40 CFR § 51.308) has a goal of natural visibility conditions by 2064 at Class |
areas, and States must submit Regional Haze Rule State Implementation Plans that demonstrate
progress towards that goal. Figure 4-1 displays the locations of the mandatory Class | areas in the
GOM region.

While not included in the Clean Air Act Amendments of 1977 as an area of special
protection, Federal management agencies have designated certain other areas as sensitive Class Il
areas for tracking PSD increment consumption and AQRYV impacts. The sensitive Class Il areas,
designated as such in the GOM region, include the Padre Island National Seashore and Gulf Islands
National Seashore. Since Class | and sensitive Class Il areas are of concern, the areas located in or
nearby the GOM region are discussed in this Multisale EIS and are shown in Figure 4-1.

Clean Air Act and the Clean Air Act Amendments Overview

The Clean Air Act of 1970 established the NAAQS, which include the primary standards to
protect public health and secondary standards to protect public welfare including visibility and
vegetation. Under the Clean Air Act, USEPA is periodically required to review and, as appropriate,
modify the criteria based on the latest scientific knowledge. Several revisions to the NAAQS have
occurred in the past few years as more is understood about the effects of the pollutants. The current
NAAQS, shown in Table 4-2, address six pollutants: carbon monoxide (CO); nitrogen dioxide (NO,);
particulate matter (PM, .5 and PMyy); sulfur dioxide (SO5); lead (Pb); and ozone (O3).
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Table 4-2.  National Ambient Air Quality Standards.
Pollutant Primary/ Averaging
(Final Rule Citation) Secondary Time Level Form
Carbon Monoxide (CO) Prima 8-hour 9 ppm Not to be exceeded more
(Federal Register, 2011a) Y 1-hour 35 ppm than once per year
. Rolling
Lead (Pb) Primary and 3(1)
. 3-month 0.15 pg/m Not to be exceeded
(Federal Register, 2008b) Secondary average
Nitrogen Dioxide (NO,) Primary 1-hour 100 ppb gfg; g‘?rgg:‘st"e’ averaged
(Federal Register, 2010a) Pri g
(Federal Register, 1996) Sg(r:r:)anré/aar; Annual 53 ppb® Annual mean
Annual 4th-highest daily
Ozone (O3) Primary and @) | maximum 8-hour
(Federal Register, 2015f) Secondary 8-hour 0.070 ppm concentration, averaged
over 3 years
. Annual mean, averaged
Prima Annual 12 ug/m® '
Particle Pollution i M9 over 3 years
3 Annual mean, averaged
(Federal Register, PMzs | Secondary | Annual 15 Hg/m over 3 years
2013) Primaryand | ,, , 35 ua/m® 98" percentile, averaged
Secondary M9 over 3 years
(Federal Register, Primary and Not to be exceeded more
2006a) PMq Seconrc)ila 24-hour 150 ug/m® | than once per year on
Y average over 3 years
99" percentile of 1-hour
. . ) “ daily maximum
’ over 3 years
(Federal Register, 1973a) Y
Secondary | 3-hour 0.5 ppm Not to be exceeded more
) than once per year

' The Final Rule was signed on October 15, 2008. The 1978 lead standard (1.5 pg/m® as a quarterly

average) remains in effect until 1 year after an area is designated for the 2008 standard. Areas
designated nonattainment under the 1978 standard remain in effect until implementation plans are
approved to attain or maintain the 2008 standard.

The official level of the annual NO, standard is 0.053 ppm, equal to 53 ppb, which is shown here for
the purpose of clearer comparison to the 1-hour standard.

The final rule was signed on October 1, 2015, and became effective on December 28, 2015. The
previous (2008) O3 standards additionally remain in effect in some areas. Revocation of the previous
(2008) O3 standards and transitioning to the current (2015) standards will be addressed in the
implementation rule for the current standards.

The Final Rule was signed on June 2, 2010. The 1971 annual and 24-hour SO, standards were
revoked in that same rulemaking. However, these standards remain in effect until 1 year after an
area is designated for the 2010 standard, except in areas designated nonattainment for the 1971
standards, where the 1971 standards remain in effect until implementation plans to attain or maintain
the 2010 standard are approved.

Notes: PM — particulate matter; ppb — parts per billion; ppm — parts per million.

Source: USEPA, 2015d.
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The Clean Air Act establishes classification designations based on regional monitored levels
of ambient air quality. These designations impose mandated timetables and other requirements
necessary for attaining and maintaining healthful air quality in the U.S. based on the seriousness of
the regional air quality problem. These designations are nonattainment, attainment, and
unclassifiable. Nonattainment is any area that does not meet the national primary or secondary
ambient air quality standard for the pollutant. When measured concentrations of these regulated
pollutants exceed the standards established by the NAAQS, the number of exceedances and the
concentrations determine the nonattainment classification of an area. The Clean Air Act
Amendments of 1990 established these designations as marginal, moderate, serious, severe, and
extreme. Attainment is any area that meets the national primary or secondary ambient air quality
standard for the pollutant. Unclassifiable is any area that cannot be classified on the basis of
available information as meeting or not meeting the national primary or secondary ambient air quality
standard for the pollutant. Figure 4-1 depicts all of the current nonattainment areas in the GOM
region.

The Federal OCS waters are unclassifiable. The OCS areas are not classified because
there is no regulatory provision for any classification in the Clean Air Act for waters outside of the
boundaries of State waters. Only areas within State boundaries can be classified as either
attainment or nonattainment.

Gulf of Mexico OCS Region Attainment Status

After promulgation of a NAAQS, USEPA designates areas that fail to achieve the NAAQS as
nonattainment areas, and States are required to submit State Implementation Plans to USEPA;
these plans contain emission control plans and a demonstration that the nonattainment area would
achieve the NAAQS by the required date. After an area comes into attainment of the NAAQS, the
area can be redesignated as a maintenance area and must continue to demonstrate compliance
with the NAAQS. Figure 4-1 depicts all the current nonattainment areas in the GOM region while
Table 4-3 summarizes the nonattainment and maintenance areas in the GOM region. Sulfur dioxide
(SO,) and lead (Pb) nonattainment areas are focused around specific large industrial sources of SO,
or lead emissions, whereas ozone nonattainment areas are more regional in nature, reflecting the
formation of ozone as a secondary pollutant from emissions of nitrogen oxides (NO,) and volatile
organic compound (VOC) precursors from a wide range of sources. (Note: As November 1, 2016,
USEPA proposed to redesignate the Baton Rouge, Louisiana, area as being in attainment of Federal
health-based ozone standards. The State of Louisiana requested that the redesignation, based on 3
years of air quality data showing the metropolitan areas of Ascension, East Baton Rouge, Iberville,
Livingston, and West Baton Rouge Parishes, meet the 2008 8-hour ozone standard of 0.075 parts
per million [ppm]. The USEPA also proposes to approve the State’s plan for maintaining the
standard.)
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Table 4-3. Nonattainment and Maintenance Areas in the Gulf of Mexico Region.

8-hr O 8-hr O SO Lead
State Area (1997) | (2008) | (010) | (2008)
Alabama | Troy NAA
Tampa NAA
Florida Hillsborough County NAA
Nassau County NAA
. Baton Rouge M NAA
Louisiana -
St. Bernard Parish NAA
Beaumont-Port Arthur M
Texas Houston-Galveston-Brazoria NAA NAA
Frisco NAA

M = maintenance area; NAA = nonattainment area; O3 = ozone; SO, = sulfur dioxide.
Blank cells indicate the area is in attainment of the National Ambient Air Quality Standards.

As previously mentioned, USEPA periodically modifies the NAAQS criteria based on new
scientific knowledge. On October 1, 2015, USEPA strengthened the 8-hour NAAQS for ozone to
0.07 ppm (70 parts per billion [ppb]). Under this more stringent ozone NAAQS, there may be more
areas in the southeastern U.S. designated as nonattainment. The USEPA plans to make attainment
and nonattainment designations for the revised standards by October 2017, with the designations
based on 2014-2016 air quality monitoring data.

In February 2010, USEPA issued a new 1-hour NO, NAAQS with a threshold of 100 ppb
(98" percentile daily maximum average over 3 years), and a new 1-hour SO, NAAQS was
promulgated in June 2010 with a threshold of 75 ppb (99" percentile averaged over 3 years). The
USEPA has not yet designated the nonattainment areas for the 1-hour NO, and 1-hour SO, NAAQS.

A Pb NAAQS was issued in 2008; nonattainment areas for lead are associated with specific
industrial sources. The USEPA has not yet designated the nonattainment areas for the Pb NAAQS.

The CO NAAQS has remained essentially unchanged since it was originally promulgated in
1971. As of September 27, 2010, all prior CO nonattainment areas throughout the country have
been redesignated as maintenance areas.

Emissions Inventories

One of the most accurate methods for estimating air emissions is by developing a
comprehensive emissions inventory. To develop a calendar year 2011 inventory of criteria
pollutants, criteria precursors, and greenhouse gas emissions for all OCS oil and gas production-
related sources in the GOM, BOEM collected activity data from platform operators during the year
2011. On September 15, 2010, NTL 2010-G06 was published to introduce the “2011 Gulfwide OCS
Emissions Inventory (Western Gulf of Mexico)” and inform operators about the mandatory data
collection. Affected operators are lessees and operators of Federal oil, gas, and sulfur leases in the
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Gulf of Mexico OCS region west of latitude 87.5°. The USEPA jurisdiction has air quality jurisdiction
east of latitude 87.5°.

BOEM updated and distributed a Microsoft® Visual Basic® program for platform operators to
use to collect activity data on a monthly basis and submit to BOEM on an annual basis. The
program, known as GOADS-2011, was used by operators to submit activity data for a number of
production platform emission sources. Operators used the GOADS software to collect activity data
for amine units, boilers/heaters/burners, diesel engines, drilling equipment, fugitives, combustion
flares, glycol dehydrators, losses from flashing, mud degassing, natural gas engines, natural
gas/diesel/dual-fuel turbines, pneumatic pumps, pressure/level controllers, storage tanks, and cold
vents. These activity data were used to calculate CO, NO,, SO, PM,y, PM, 5, and VOC emissions
estimates, as well as CO,, CH4, and N,O. The Gulfwide Oracle® DBMS calculates and archives the
activity data and the resulting emissions estimates. Database users can query by pollutant, month,
equipment type, platform, etc. Emission estimates for non-platform sources on the Gulf of Mexico
OCS include both oil and natural gas production-related sources, as well as non-oil and natural gas
sources. Production sources consist of survey vessels, drilling rigs, pipe-laying operations, and
support vessels and helicopters. Non-oil and natural gas sources
include commercial marine vessels, the Louisiana Offshore Oil
Platform (LOOP), and biogenic and geogenic sources. Ultimately, | ®* NAAQS: CO, NO;,

2011 GWEI Pollutants

State agencies and Regional Planning Organizations will use these PMzs, PMyo, SO2
offshore oil and gas platform and non-platform inventories to | e Criteria Precursors:
perform modeling for ozone and regional haze for use in their State VOC
Implementation Plans, and BOEM will use the emission inventory | ,  reenhouse Gases:

for the cumulative impact analysis in NEPA documents. CO,, CHa, N,O

Emissions estimates calculated in the study were used to support analysis of air quality
modeling impacts. In this inventory, emissions estimates are provided for directly emitted pollutants.
While there are national air quality standards for six common air quality pollutants, only four of these
pollutants (i.e., CO, Pb, NO, and SO,) are directly emitted. Indirect emissions and the formation of
other pollutants, as well as pollutants not included in the inventory, are analyzed below.

e Greenhouse Gases. Fluorinated gases, hydrofluorocarbons, and sulfur
hexafluoride are not covered in this inventory because they are used in trace
amounts and at no time are deliberately emitted into the atmosphere.

e Lead. Lead (Pb), a NAAQS criteria pollutant, is not covered in this inventory
because oil and gas sources have negligible lead emissions. Since unleaded
fuels have been phased out, lead remains a trace contaminant in other fuels
(USEPA, 2016c).

¢ Nitrogen Dioxide. Nitrogen dioxide (NO,), a NAAQS criteria pollutant, is one of a
group of highly reactive gases known as nitrogen oxides (NO,). Nitrogen oxides
are stated as an equivalent mass of NO,; consequently, NO, is used instead of
NO..
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e Particulate Matter. Particulate matter (PM), a NAAQS criteria pollutant
expressed as PM, s and PM;o, can be emitted directly or it can be formed in the
atmosphere when emissions of NO,, sulfur oxides (SO,), ammonia, organic
compounds, and other gases react in the atmosphere. According to USEPA’s
“Particulate Matter Emissions Report,” coarse PM (PM;g) is composed largely of
primary particles, while a much greater portion of fine PM (PM,5s) contains
secondary particles. “Primary” particles are those released directly to the
atmosphere whereas “secondary’ particles are formed in the atmosphere from
chemical reactions involving primary gaseous emissions. While both PM, s and
PMyo are included the inventory, the secondary formation is not included the
inventory because secondary PM is not directly emitted. Since USEPA has not
developed separate PM, 5 and PMq, emissions factors per source, particulate-
matter emission estimates of PM, 5 and PM;g are similar. Therefore, PM;, values
have been used in this chapter to represent particulate matter emission
estimates.

e Ozone. Ozone (O3), an NAAQS pollutant, is not directly emitted into the air but is
formed by photochemical reactions of NO, and VOCs in the presence of sunlight.
Since NO, and VOCs are directly emitted pollutants, they are included in the
emissions inventory, and their resulting emission estimates are used in the air
quality model to analyze the air quality impacts of Os.

Summary of Results of the Year 2011 Gulfwide Emissions Inventory

The Year 2011 GWEI results indicate that OCS oil and gas production platform and non-
platform sources emit the majority of NAAQS criteria pollutants, VOCs, and greenhouse gases on
the Gulf of Mexico OCS, with the exception of SO, (primarily emitted from commercial marine
vessels), and N,O (from biological sources) (Wilson et al.,
2014). The total platform and non-platform emission | Total emissions estimates include
estimates for criteria pollutants and the total platform and e total non-OCS oil and gas
non-platform emission estimates for greenhouse gases source emissions,
are depicted in Figures 4-2 and 4-3, respectively. In both
figures, total emission estimates are subdivided into three
main categories: total non-OCS oil/gas source emissions;
total OCS oil/gas non-platform source emissions; and total
OCS oil/gas platform source emissions.

e total OCS oil and gas non-
platform source emissions, and

e total OCS oil and gas platform
production source emissions.
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OCS Oil and Gas Platform
Sources

OCS Oil and Gas Non Platform
Sources

Non-OCS Oil and Gas Sources

Figure 4-2. Year 2011 Gulfwide Emission Inventory Results for Total Platform and Non-Platform Criteria
Pollutant Emissions (TPY).

OCS Oil and Gas Platform
Sources

OCS Oil and Gas Non Platform
Sources

Non-OCS Oil and Gas Sources

Figure 4-3. Year 2011 Gulfwide Emission Inventory Results for Total Platform and Non-Platform
Greenhouse Gas Emissions (TPY).
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Natural gas engines on platforms represented the
largest CO emission source, and support vessels were the
highest emitters of both NO, and PMyy. Oil and natural gas e criteria pollutants,
production platform vents account for the highest percentage
of the VOC emissions. Support vessels; production platform
natural gas, diesel, and dual-fuel turbines; and commercial e greenhouse gases, and
marine vessels emit the majority of the greenhouse gas
emissions.

Platform sources include

e emissions in (TPY),

e emissionsin (TPY).

The Year 2011 GWEI results for criteria pollutant and greenhouse gas emissions (in
tons/year) from platform sources are depicted in Figures 4-4 and 4-5, respectively. In both figures,
each platform source emission type is represented per pollutant in tons/year.

Figure 4-4. 2011 Criteria Pollutant Emissions (TPY) from Platform Sources.

Figure 4-5. 2011 Greenhouse Gases (TPY) from Platform Sources.
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The Year 2011 GWEI results for criteria pollutant and greenhouse gas emissions (in
tons/year) from non-platform sources (not pictured) indicate that support vessels emit the majority of
the greenhouse gas emissions, as well as the highest emitter of both NO, and PM;, criteria
pollutants.

4.1.2 Environmental Consequences

The impact-producing factors and their potential impacts identified for routine activities,
accidental events, cumulative impacts, and incomplete or available information would apply, in
general, to Alternatives A-D. These analyses are then applied to each alternative based on the
varying degrees of forecasted levels of activities by geographical area and water depth. Following
this environmental consequences discussion, there will be a summary of the potential impacts as
they relate to the alternatives.

As discussed in the air quality introduction, the following list of impact-producing factors can
occur in routine activities, accidental events, and cumulative impacts. The impact-producing factors
include (1) OCS oil- and gas-related emissions sources related to drilling and associated vessel
support, production, and the connected action of vessel support, flaring and venting,
decommissioning, and oil spills; (2) non-OCS oil- and gas-related emissions such as State oil and
gas programs, onshore industrial and transportation sources, and natural events; and (3) the
incremental contribution of all postlease activities as a result of a single proposed lease sale. These
impact-producing factors can produce greenhouse gas and fugitive emissions, which are discussed
below.

Greenhouse Gases and Fugitive Emissions
Greenhouse Gases Including Downstream Gas

Chief among drivers of climate change are increasing atmospheric concentrations of carbon
dioxide (CO;) and other greenhouse gases, such as methane (CH,) and nitrous oxide (N,O). These
greenhouse gases reduce the ability for solar radiation to re-radiate out of the Earth’s atmosphere
and into space. Although all three have natural sources, these three greenhouse gases comprise
the majority of greenhouse gases released from anthropogenic sources; CO, and N,O are released
in association with combustion and CH, and N,O are released as a byproduct of agriculture and also
oil and gas production. Hydrofluorocarbons and sulfur hexafluoride are two fluorinated greenhouse
gases that are used on the OCS, but they are used in trace amounts and are at no time deliberately
emitted into the atmosphere.

The activities associated with a proposed action would increase global greenhouse gas
emissions from the use of vessels, drilling equipment, and other activities that burn fossil fuels. In
addition, CH,4, also known as natural gas, is removed from wells and brought onto OCS facilities
along with oil being produced. Sometimes CH, is released as a fugitive gas that can escape
unintentionally from leaks in equipment used by operators. Operators have the four following
methods of managing natural gas removed from wells: (1) production — selling the natural gas,
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provided there is a sufficient quantity, favorable market conditions, and infrastructure (e.g., natural
gas pipelines) to justify production; (2) reinjection — the natural gas is directed back into the reservoir
to aid in oil extraction; (3)venting — the deliberate release of natural gas into the atmosphere; and
(4) flaring — burning the natural gas, converting it to CO, and water, and in some cases, also
releasing N,O and black carbon. This practice is rare on the OCS.

Because each greenhouse gas impacts the atmosphere at a different strength and for a
different period of time, for analytical purposes, they typically are converted to what the strength
would be if emissions were exclusively COy; this is referred to as the CO,-equivalent (CO.e) to
facilitate comparison. CH4 and N,O are much more effective climate forcers than CO,, meaning
1 ton of CH,4 or N,O has a greater impact on climate change than 1 ton of CO,. However, CH, and
N,O are removed from the atmosphere through natural processes more efficiently than CO..
Accounting for these factors, CO,e conversion for CH; and N,O are 25 and 298, respectively
(Ecometrica, 2012). This means that 1 ton of CH, is estimated to have the same warming potential
as 25 tons of CO,, and 1 ton of N,O would have the same impact as 298 tons of CO,. Because
black carbon is not a greenhouse gas and functions differently, it is not possible to convert it using
the CO,e method. However, because black carbon is a specific kind of PM, s, it is possible to use
the PM, s concentration to estimate the maximum amount of black carbon released. BOEM has
regulatory authority on the OCS for PM, 5, along with several other air quality pollutants.

As a result of exploration, development, and production of oil and gas on the OCS, the
activities associated with a proposed action are expected to release greenhouse gases and black
carbon from the use of combustion engines in vessels, construction, drilling, and other equipment,
as well as through the deliberate or accidental release of CH,. Emissions estimates for the activities
associated with a proposed action, and for cumulative BOEM-related OCS emissions, were
calculated using the Offshore Environmental Cost Model. These estimates are for the high-price
scenario, which would likely result in the highest level of potential emissions for a proposed action.
Cumulative numbers include current operations, the activities associated with a proposed action,
and expected future development beyond a proposed action. Unlike the greenhouse gases, which
warm the planet generally, black carbon’s potential to contribute to climate change has a spatial
component. Compared with the 2012-2017 Five-Year Program, the activities associated with a
proposed action would result in an overall increase in the rate of CO,e emissions from OCS oil- and
gas-related activities.

In addition to the direct emissions from OCS oil- and gas-related operations presented
above, BOEM has evaluated greenhouse gas emissions covering the lifecycle of OCS oil and gas
production and consumption. This includes both the “downstream” consumption and onshore
processing of oil and gas products, as well as the “upstream” emissions from offshore exploration,
development, and production.

The expected greenhouse gas emissions for the low- and high-price scenarios include
numerous assumptions (Wolvovsky and Anderson, 2016); therefore, while being a reasonable
approximation, these numbers are an estimate and not a forecast. However, because the



4-26 Gulf of Mexico Multisale EIS

methodology used to compare the two price scenarios and the No Action Alternative are the same,
the analysis can be assumed to provide a relative comparison. There is a significant degree of
uncertainty in these numbers, and they do not take into account future Federal, State, and/or local
economic, social, policy, regulatory, and legislative changes that could affect the amount of
greenhouse gases released. In addition, this analysis is bounded by U.S. consumption and the
upstream domestic and overseas production supporting American consumption. This means that
the likely overseas reduction in consumption under the No Action Alternative is not calculated in this
analysis.

On April 22, 2016, the United States joined the Paris Agreement, a United Nations-brokered
agreement to keep global temperatures within 2 °C (36 °F) of the pre-industrial climate, and
preferably within 1.5 °C (35 °F) (United Nations Framework Convention on Climate Change, 2016).
A recent study (McGlade and Ekins, 2015) states that, to prevent the planet from warming beyond
2 °C (36 °F), emissions of greenhouse gases must be kept below 1,100 billion tons of CO,e between
2011 and 2050. McGlade and Elkins (2015) also discuss the need to greatly reduce the amount of
oil and gas extraction to stay under this threshold, with particular emphasis on not drilling in the
Arctic. It should be noted that the 2 °C (36 °F) warming threshold would still result in significant
impacts on the world’s ecosystems and to humanity (Hansen et al., 2016).

The U.S. has pledged to reduce emissions by filing an Intended Nationally Determined
Contributions with the United Nations. The American Intended Nationally Determined Contributions
commitment is to reduce net greenhouse gas emissions by 17 percent below 2005 levels by 2020
and by 26-28 percent by 2025 (United Nations Framework Convention on Climate Change, 2016).
In addition, the Obama Administration has set a target to reduce U.S. greenhouse gas emissions by
at least 80 percent by 2050 (The White House, 2015). In 2005, the U.S. had net emissions of
6,680,300,000 metric tons of CO.e (Ecometrica, 2012).

The activities associated with the proposed action’s lifecycle emissions fluctuate over the
course of the 2017-2022 Five-Year Program, with early emissions largely coming from OCS
sources. The greenhouse gas emissions would peak in the 2030s and 2040s, at the same time as
production peaks. Overall, the greenhouse gases from the activities associated with the proposed
action would be similar to but slightly lower than the No Action Alternative in both low- and high-price
scenarios. This similarity is due to the economic substitution effects from onshore and overseas
sources expected under the No Action Alternative.

Additional sector-specific goals, such as the United States’ commitment with Canada and
Mexico to achieve 50 percent of electricity from noncarbon sources (The White House, 2016) and
other yet-to-be determined measures, could significantly affect how oil and gas products are used
and the emissions resulting from that consumption. Policies already determined and implemented
have been included in the lifecycle analysis. The high- and low-price scenarios are intended to
provide the upper and lower bounds of possible emissions scenarios. Overall, implementation of
U.S. climate goals through future policies and regulations would be expected to reduce overall oil
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and gas demand, making it unlikely that the estimated emissions presented for the high-price
scenario would be realized.

Fugitive Emissions

Fugitive emissions are not intentionally released through a stack, vent, or flare, but they are
instead caused by leaks or intermittently escapes from pressurized equipment from sealed surfaces
in various components of the facility. Fugitive emissions are mainly comprised of VOCs and
methane (CH,4). Sources of fugitive emissions typically include valves, flanges, connectors, pumps,
and compressor seals, but they may also include other platform components such as pneumatic
controllers. Fugitive emissions can occur during all phases of OCS oil- and gas-related activity.

According to the Year 2011 GWEI study, fugitive emissions constitute one of the largest
VOCs and CH, emissions sources from offshore oil and gas platforms, behind only cold vents. The
BSEE personnel have indicated that the infrared camera surveys, performed to detect hydrocarbon
leaks during inspections of offshore platforms, show very few, if any, hydrocarbon leaks. This could
imply that the current emission factors may be overestimating VOC and methane emissions.
Several State coastal areas have been designated nonattainment for ozone. Since ozone is formed
by the combination of VOCs and NO,, the OCS emissions inventory for VOCs needs to be as
accurate as possible. In addition, the Government Accountability Office has published Opportunities
Exist to Capture Vented and Flared Natural Gas, Which Would Increase Royalty Payments and
Reduce Greenhouse Gases (U.S. Government Accountability Office, 2010) looking to reduce CH,
emissions by the installation of control technology on platforms. Before control technology is
required, the OCS emissions inventory for CH, also needs to be as accurate as possible.

Based on the results of the emission inventory study, as well as correspondence with BSEE,
and the GAO report, BOEM wants to further assess emissions from fugitive equipment leaks on
offshore oil and gas platforms operating on the Gulf of Mexico OCS. Under BOEM’s Contract
Number M16PC00010, “Fugitive Emissions Update in the Outer Continental Shelf,” the objective is
to visit offshore production platforms to identify and conduct the testing of fugitive equipment leaks in
order to develop updated VOC, select hazardous air pollutant, and methane emission factors.
These updated emission factors would be used by BOEM to develop improved and contemporary
emissions inventories that will be used for a variety of purposes, including future photochemical grid
modeling conducted by states in the Gulf of Mexico region for State Implementation Plan compliance
demonstrations. However, if the OCS emissions inventories are overestimating VOC and methane
emissions, then possibly control technologies would not be required. These study results are
projected to be available by spring of 2019. Otherwise, BOEM would determine the appropriate use
of control technologies on the platforms during postlease reviews.

4.1.2.1 Routine Activities

The primary routine impact-producing factors associated with the proposed action that could
potentially affect air quality and that also could contribute to climate change include (1) drilling and
production and the associated vessel support, (2) flaring and venting, and (3) decommissioning of



4-28 Gulf of Mexico Multisale EIS

facilities. These routine activities result in pollutant emissions. Emissions of air pollutants from
these activities would occur during exploration, development, production, and decommissioning
activities.

Drilling and Production with Associated Vessel Support

Since both drilling and production activities include associated vessel support, the activities
are analyzed together in this section. Emissions during exploration are higher than emissions during
development due to power requirements for drilling a deeper wellbore hole. During drilling, diesel
engines are used to power the drilling (top drive) assembly, draw works, electrical generators, mud
pumps, vessel propulsion (drillships and support vessels)), and dynamic positioning systems of the
drilling rig (if a dynamic positioning semisubmersible or dynamic positioning drillship is used).
Combustion of fuel to run the engines generates NAAQS criteria pollutants, VOCs, and greenhouse
gases. More information about the pollutants that are generated by specific equipment and activities
is available in the Year 2011 Gulfwide Emission Inventory Study (Wilson et al., 2014). As illustrated
in Figure 3-2, during a 50-year analysis period, exploratory drilling mainly occurs during the first
decade and development drilling extends throughout the first and second decade.

We know from Chapter 3 that, during production, pollutants emitted during routine activities
may be combustion products of burning fuel to power pumps, compressors, or generators, or they
may consist of fugitive VOCs, which escape from the un-combusted hydrocarbons. The platform
emission sources include boilers, turbines, pneumatic pumps, diesel engines, combustion flares,
fugitives, glycol dehydrators, natural gas engines, pressure/level controllers, storage tanks, cold
vents, and others. As illustrated in Figure 3-2, during a 50-year analysis, most production occurs
during the second and third decade. Because the levels of activity in the 2011 GWEI are projected
to be less than a proposed lease sale, these emission values are used to project potential impacts
as described below.

The OCS emissions in tons per year for the criteria pollutants and for the greenhouse gases
from platform sources are indicated in Figures 4-4 and 4-5. The distribution of emissions across
various platforms sources would be expected to be similar. These figures show the following:
criteria pollutants — the major pollutant emitted is NOy, while PMyq is the least emitted pollutant; and
greenhouse gases — the major pollutant emitted is CO,, while N,O is the least emitted pollutant.
Combustion-intensive operations such as platform operations, well drilling, and service-vessel
activities contribute mostly NO,and CO,; platform operations are also the major contributors of VOC
emissions. As a result of a proposed lease sale, multiple platforms would be installed on the leases,
and platform construction emissions would contribute appreciable amounts of all pollutants over the
resulting lease sale’s 50-year analysis period. Emissions from a singular platform construction are
temporary in nature and generally occur for a period of 3-4 months. Typical construction emissions
result from the derrick barge placing the jacket and various modular components and from various
service vessels supporting this operation. Drilling operations contribute considerable amounts of all
pollutants. These emissions are temporary in nature and typically occur over a 90-day per well
drilling period. Support vessels for OCS oil- and gas-related activities, as described in Chapter
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3.1.4.4, include emissions of NO,, CO, and CO,. These emissions are directly proportional to the
number and type of OCS operations requiring support activities. Most emissions from these support
activities occur during transit between the port and offshore facilities; a smaller percentage of the
emissions occur during idling at the platform.

Currently, there are minor impacts occurring to air quality from drilling and production with
associated vessel support impacts as shown in the model. Therefore, because the projected
activities in this scenario for a proposed lease sale are less than the current 2011 GWEI activities,
the impacts would be minor. The activities’ impacts would vary in intensity based on the type and
location of the activity.

Flaring and Venting

Reasonably foreseeable flaring and venting emissions operations occur intermittently for
short periods of time over the life of the lease. Flaring systems are also used to vent natural gas
during well testing or during repair/installation of production equipment. The BSEE operating
regulations at 30 CFR § 250.1160 provide for some limited volume, short-duration flaring, or venting
of some natural gas volumes upon approval by BSEE. These operations may occur for short
periods of time (typically 2-14 days) as part of unloading/testing operations that are necessary to
remove potentially damaging completion fluids from the wellbore, to provide sufficient reservoir data
for the operator to evaluate a reservoir and development options, and in emergency situations. The
potential impacts from these emergency operations are described in the “Accidental Events” chapter
below and in Chapter 3.2.3.

Flaring may involve the disposal of sweet gas or sour gas. Sweet gas is natural gas that
does not contain hydrogen sulfide (H,S), while sour gas is natural gas that does contain H,S. During
the flaring of gas containing H,S, the gas entering the flare would largely combust to SO,. The
contribution of flaring sour gas to SO, is regulated in 30 CFR part 250 subpart K. The SO, levels
from reasonably foreseeable flaring are evaluated as part of the postlease plans review process.

Hydrogen sulfide released to the air can come from natural sources such as swamps, bogs,
and volcanoes. Hydrogen sulfide can also be released from industrial sources such as petroleum
refineries, natural gas plants, kraft paper mills, manure treatment facilities, waste-water treatment
facilities, and tanneries. The concentration of H,S occurring naturally in crude oil varies from
formation to formation and even varies to some degree within the same reservoir. The natural gas in
deepwater reservoirs has been mainly sweet (i.e., low in sulfur content), but the oil averages
between 1 and 4 percent sulfur content by weight. By far, most of the documented production of
sour gas (i.e., high sulfur content) lies within 150 km (93 mi) of the Breton Wilderness Area Class |
area. The BSEE regulations at 30 CFR § 250.490(f) describe safety precautions for employees
operating in an H,S area. Hydrogen sulfide is a naturally occurring compound that is formed from
the breakdown of organic matter in low oxygen environments. The effects of H,S depend on the
magnitude, duration, and frequency of exposure, as well as the susceptibility of the individual
organism or environment. The human nose is very sensitive and can detect extremely low levels of
H,S. A rotten egg odor characterizes H,S at very low concentrations. However, prolonged
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exposure to low levels of H,S can cause skin irritation and olfactory paralysis. Therefore, relying on
odor or sense of smell would not be a reliable warning signal to detect H,S presence. Short-term
exposure to high concentrations of H,S can cause death. Portable monitors worn by workers, as
well as visual and audible alarms and H,S sensors on platforms to activate when the presence of
H,S is detected, can help to prevent loss of life. According to the NPS, Gulf Islands National
Seashore visitors have complained about H,S odors. BOEM expects that concentrations at the
park, resulting from OCS sources of H,S, to be at very low nuisance levels. The source of odors in
the park may include releases from the local marsh muds or nearby State oil and gas activity.
Therefore, several contributing factors could be responsible for the odors at Gulf Islands National
Seashore.

Impacts to air quality from reasonably foreseeable flaring and venting would be minor
because the activity is short in duration during a 50-year analysis period, and release likely
dissipates before reaching coastal areas due to distance. The impacts would vary in intensity based
on the type of flare and location of the activity.

Decommissioning

During a 50-year analysis period, most decommissioning occurs during years 20-40.
Decommissioning emissions are due mainly to engines on vessels used in the decommissioning
process for propulsion, electrical power, and ancillary mechanical equipment and activities. These
emissions include the following pollutants: CO, NO,, PM, SO, CO,, CH,4, N,O, and VOCs. There
are two primary methodologies used in the GOM for cutting decommissioning targets: nonexplosive
and explosive severance. Nonexplosive methods include abrasive cutters, mechanical cutters,
diamond wire cutting devices, and cutting facilitated by commercial divers using arc/gas torches.
Though a relatively slow process and potentially dangerous for offshore workers, nonexplosive-
severance activities have little to no impact on air quality. Explosive-severance activities use
specialized charges to achieve target severance. Unlike most nonexplosive methods, severance
charges can be deployed on multiple targets and detonated nearly simultaneously, effecting rapid
severances. Though a relatively faster yet safer process for offshore workers with the omission of
diver cutting, the detonation of cutting charges occurs mainly underwater and, therefore, would have
little impact on air quality. For this reason, impacts to air quality from decommissioning would be
minor. The impacts would vary in intensity based on the type and location of the activity. The main
concern of air quality from decommissioning is the exhaust from support equipment. The less time
that heavy equipment must be employed during decommissioning the less air quality will be
negatively impacted.

41.2.2 Accidental Events

The greatest impact-producing factors associated with a proposed action that could
potentially affect air quality from a reasonably foreseeable accidental event include (1) emergency
flaring and venting, and (2) oil spills. Accidental air emissions are described in Chapter 3.2.3.
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Emergency Flaring and Venting

Emergency flaring is distinguished from routine flaring by the magnitude, frequency, and
duration of flaring events. Emergency flaring events are the result of operating conditions that are
outside normal process and equipment operations. Emergency flaring is generally characterized by
infrequent occurrence, high-emission rates, and short durations. Potential impacts to air quality are
not expected to be significant, except in the rare case of a catastrophic event, which is not part of a
proposed action and not reasonably foreseeable. Emergency flaring may be conducted to manage
excess natural gas during an accidental event, such as damage to a pipeline that transports the gas
to shore, or a process upset. In the absence of safety flares, plants would be at a higher risk for fires
and explosions. The flare is operated temporarily until the emergency situation is resolved. Flaring
would result in the release of NO, emissions from the flare; SO, emissions would be dependent on
the sulfur content of the crude oil; and particulate matter from the flare would affect visibility.

Venting would result in the release of mainly CH, emissions. Emergency venting may be
necessary where flaring of the gas is not possible or in situations precluding the use of a flare gas
system, such as insufficient hydrocarbon content in the gas stream to support combustion or a lack
of sufficient gas pressure to allow it to enter the flare system. Therefore, the potential impacts of a
reasonably foreseeable accidental gas release analyzed in this Multisale EIS would be localized and
short term, and would have no impact to coastal areas, including the Bradwell Bay Wilderness Area,
Breton Wilderness Area, Chassahowitza National Wilderness Area, Everglades National Park, and
St. Marks Wilderness Area, or the Padre Island National Seashore and Gulf Islands National
Seashore. The accidental event’s impacts on air quality over the OCS and adjacent onshore areas
on accidental gas releases are expected to be minor.

The accidental release of hydrocarbons related to a proposed lease sale would result in the
emission of air pollutants. The OCS accidents would include the release of oil, condensate, or
natural gas or chemicals used offshore or pollutants from the burning of these products. The air
pollutants include criteria NAAQS pollutants, volatile and semi-volatile organic compounds, hydrogen
sulfide, and methane. These pollutants are discussed in Chapter 4.1.2 above. These accidental
events may potentially affect the air quality at the Bradwell Bay Wilderness Area, Breton Wilderness
Area, Chassahowitza National Wilderness Area, Everglades National Park, and St. Marks
Wilderness Area, as well as the Padre Island National Seashore and Gulf Islands National
Seashore, during a 50-year analysis period.

Emergency flaring may be conducted to manage excess natural gas during an accidental
event such as damage to a pipeline that transports the gas to shore or a process upset. In the
absence of safety flares, plants would be at a higher risk for fires and explosions. The flare is
operated temporarily until the emergency situation is resolved. Flaring would result in the release of
NO, emissions from the flare; SO, emissions would be dependent on the sulfur content of the crude
oil; and particulate matter from the flare would affect visibility.
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Oil Spills

Accidental oil spills, though not considered a routine OCS oil- and gas-related activity, have
the potential to occur during each phase of oil and gas operations. In April 2010, the Deepwater
Horizon explosion and oil spill was a catastrophic event that occurred on the Gulf of Mexico OCS.
The impacts on air quality from the Deepwater Horizon explosion and oil spill have been well
documented. BOEM does not expect accidental events to resemble the Deepwater Horizon
explosion and oil spill. BOEM is not analyzing the rare, catastrophic Deepwater Horizon explosion
and oil spill as an accidental event in this chapter but rather is using the information to describe the
potential impacts common to spills and accidental events regardless of size. Additionally, BOEM
has assessed the potential impacts resulting from a low-probability catastrophic event, and the
analysis is presented in the Catastrophic Spill Event Analysis white paper (USDOI, BOEM, 2017).
To date, air monitoring conducted following the Macondo loss of well control and spill has not found
any pollutants at levels expected to cause long-term harm (USEPA, 2010). The loss of well control
and blowouts are rare events and of a short duration. Potential impacts to air quality are not
expected to be significant, except in the rare case of a catastrophic event, which is not reasonably
foreseeable and not part of a proposed action. Therefore, potential impacts as a result of the much
smaller reasonably foreseeable accidental spills analyzed in this Multisale EIS would be localized
and short term, and would have no impact to coastal areas, including the Bradwell Bay Wilderness
Area, Breton Wilderness Area, Chassahowitza National Wilderness Area, Everglades National Park,
and St. Marks Wilderness Area, as well as the Padre Island National Seashore and Gulf Islands
National Seashore. The accidental event’s impact on air quality over the OCS and adjacent onshore
areas on oil spills is therefore expected to be minor.

In the Gulf of Mexico, evaporation from an oil spill would result in concentrations of VOCs in
the atmosphere, including chemicals that are classified as being hazardous. Benzene, toluene,
ethylbenzene and xylene (BTEX) are a category of VOCs that occur naturally in crude oil, as well as
during the process of making of gasoline and other fuels from crude oil. The VOC concentrations
would occur anywhere where there is an oil slick, but they would be highest at the source of the spill
because the rate of evaporation depends on the volume of oil present at the surface. The VOC
concentrations would decrease with distance as the layer of oil gets thinner. The lighter compounds
of VOCs, such as BTEX, 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. Some of
the compounds emitted could be hazardous to workers in close vicinity of the spill site. In hazardous
conditions, the Occupational Safety and Health Administration and USCG regulations require
workers to use breathing protection. The hazard to workers can also be reduced by limiting
exposure through limited work shifts, rotating workers in close vicinity of the spill site, and pointing
vessels into the wind. While the reasonably foreseeable spills analyzed as part of this Multisale EIS
are significantly smaller than the catastrophic Deepwater Horizon explosion and oil spill, air samples
collected during that event by individual offshore workers of British Petroleum (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 permissible exposure limits
and the more stringent American Conference of Governmental Industrial Hygienists threshold limit
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values (U.S. Dept. of Labor, OSHA, 2010). Therefore, the reasonably foreseeable oil spills would be
expected to be even smaller.

The VOC emissions that result from the evaporation of oil contribute to the formation of
particulate matter (PM.5) in the atmosphere (Brock et al., 2012). In addition, VOCs could cause an
increase in ozone levels, especially if the release were to occur on a hot, sunny day with sufficient
concentrations of NO, present in the lower atmosphere. Effects to ozone concentrations would
depend on distance of the proposed lease sale area from shore and the accidental spill size. If there
were any effects to onshore ozone concentrations to a state, they would likely be temporary in
nature and last, at most, the length of time of the spill’s duration.

Removal and containment efforts to respond to an ongoing offshore spill would likely require
multiple technologies, including source containment, mechanical cleanup, in-situ burning of the slick,
and chemical dispersants (Chapter 3.2.7). In-situ burning would result in ambient concentrations of
CO, CO,, NOy, PM;g, PM2 5, and SO, very near the site of the burn and would generate a plume of
black smoke. The levels of PM, s could be a hazard to personnel working in the area, but this could
be effectively mitigated through monitoring and relocating vessels to avoid areas of highest
concentrations.

4.1.2.3 Cumulative Impacts

An analysis of the cumulative impacts in the GOM region is described in this chapter. This
cumulative analysis considers OCS oil- and gas-related and non-OCS oil- and gas-related activities
that could occur and adversely affect air quality during the 50-year analysis period.

Under BOEM Contract Number M14PC00007, “Air Quality Modeling in the Gulf of Mexico
Region” study, photochemical grid modeling was conducted to assess the impacts to nearby states
of existing and proposed future OCS oil and gas exploration, development, and production.
Preliminary results from the modeling conducted for this study have become available and are being
included in this Multisale EIS to disclose potential cumulative and incremental air quality impacts of
the proposed lease sales. These preliminary results represent the best available science at this time
and are included in Appendices F-H. At the lease issuance stage, no activities beyond certain
ancillary activities are actually authorized by the lease; therefore, there are few environmental
impacts, including air quality, reasonably expected from a proposed lease sale itself (refer to
Chapter 1.3.1). During postlease activities, BOEM has the authority to disapprove or require
additional mitigation to reduce impacts from site-specific activities as additional information becomes
available.

The air quality modeling study examines the potential impacts of the proposed lease sales
with respect to (1) the NAAQS for the criteria pollutants O3, NO,, SO,, CO, PM,s, PMyg; (2) the
Class | and Class Il PSD increments; and (3) the AQRVs, including visibility and acid deposition
(sulfur and nitrogen) in the nearby Class | and sensitive Class Il areas.
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Results of each impact analysis are compared with applicable “thresholds of concern,” which
have typically been used in air quality impact evaluations by other Federal actions, including onshore
oil and gas leasing programs. The applicable comparison thresholds for criteria pollutant impacts
are the corresponding NAAQS. For acid (i.e., sulfur and nitrogen) deposition impacts, thresholds are
based on (1) incremental impacts considered sufficiently small as to have no consequential effect on
the receiving ecosystems, i.e., Deposition Analysis Thresholds, and (2) critical load levels above
which cumulative ecosystem effects are likely to or have been observed. For visibility impacts,
thresholds are based on incremental changes in light extinction below the level at which they would
be noticeable to the average human observer. Additional information about these various thresholds
is provided in relevant chapters in the remainder of this Multisale EIS.

Overview of Modeling Approach

The Comprehensive Air-quality Model with extensions (CAMx) and Community Multiscale Air
Quality (CMAQ) photochemical grid models were used to simulate the dispersion and chemical
transformation of pollutants over the study area. Similar to other air quality models, CAMx/CMAQ
require several input datasets, including meteorology and an emissions inventory. Figure 4-6
presents an overview of how these project datasets fit together for the “Air Quality Modeling in the
Gulf of Mexico Region” study. Photochemical modeling was conducted for two emission scenarios:

e a Base Case scenario using the 2012 base year (BY) emissions inventory
described in Appendix G to evaluate model performance and to define current
baseline air quality conditions; and

e a Future Year development scenario (FY) using an emissions inventory that
includes potential new sources associated with the lease sales analyzed in this
Multisale EIS and the projections of emissions to 2017 for all other sources as
described in Appendix G to estimate the cumulative and incremental air quality
and AQRYV impacts of the lease sales analyzed in this Multisale EIS.

NOTE: Both scenarios used the same 2012 meteorological dataset and the same
photochemical model configuration. (In determining the Base Case (base year) for the “Air Quality
Modeling in the Gulf of Mexico Region” study emissions inventory, 2011 was initially selected based
on data availability. Calendar year 2011 emissions data are readily available for most sources from
USEPA’s National Emissions Inventory (USEPA, 2015a) and BOEM’'s Year 2011 Gulfwide
Emissions Inventory Study (Wilson et al., 2014). However, 2011 was an unusually hot and dry year
in the Gulf of Mexico region, particularly in Texas, which experienced record heat and dry conditions
during the summer of 2011 and which had a very high incidence of wildfires. Therefore, 2012 was
selected as the base year as more representative of “typical” conditions in the Gulf of Mexico
region.)
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Figure 4-6. Overview of the Gulf of Mexico Region’s Cumulative
and Visibility Impacts Assessment.

Modeling Input — Meteorological Modeling

Meteorological datasets required to determine the rate that pollutants disperse and react in
the atmosphere include spatially and temporally varying parameters such as wind speed, wind
direction, air temperature, and humidity, among others. Sources of meteorological information
include datasets of measurements gathered at various locations within the Gulf of Mexico region
domain, i.e., the area of interest where geographic features influence transport patterns. Results of
these meteorological models provide the inputs needed to exercise the photochemical grid air quality
dispersion models used in the “Air Quality Modeling in the Gulf of Mexico Region” study. For this
study, the Advanced Research version of the Weather and Research Forecasting (WRF) model, as
described in Appendix F, was applied over a system of nested modeling grids. Figure 4-8 shows
the WRF modeling grids at horizontal resolutions of 36, 12, and 4 km. All WRF grids were defined
on a Lambert Conformal Conic projection centered at 40° N. latitude, 97° W. longitude with true
latitudes at 33° N. latitude and 45° N. latitude (the “standard RPO” projection). In Figure 4-8, the
outermost domain (outer box) with 36-km resolution includes the entire continental U.S. and parts of
Canada and Mexico, and captures synoptic-scale (storm system-scale) structures in the
atmosphere. The inner 12-km regional grid (d02) covers the southeastern U.S. and is used to
ensure that large-scale meteorological patterns across the region are adequately represented and to
provide boundary conditions to the 4-km domain. The 4-km domain (d03) is centered on the coastal
areas of the southeastern U.S. and over-water portions of the Gulf of Mexico. The 4-km domain
area, which includes parts of Alabama, Georgia, Louisiana, Mississippi, and Texas, and all of
Florida, as well as the WPA, CPA, and EPA, and part of the Atlantic Ocean, was the main focus of
the emissions inventory efforts. However, the focus of this Multisale EIS analysis are the coastal
areas adjacent to the WPA, CPA, and EPA, which include Texas, Louisiana, Mississippi, Alabama,
and Florida.
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Figure 4-7. Geographic Domain of the “Air Quality Modeling in the Gulf of Mexico”
Region Study.

Modeling Input — Emissions Inventories

Analysis of the cumulative air quality impacts of this Multisale EIS required the development
of both a contemporary base year emissions inventory for the base case analysis and a projected
future year inventory that includes emissions from all cumulative sources, as well as additional
emissions anticipated to occur under this Multisale EIS’ alternative in which additional exploratory
drilling and construction of new shallow and deepwater platforms to support oil and gas production
would occur. Both the base case and future year cumulative source inventories represent
comprehensive compilations of pollutant emissions from all human activities as well as emissions
from biogenic and geogenic sources. Specific details on the development of the emission inventory
are presented in Appendix G. The scope of the air pollutant emissions inventory for the “Air Quality
Modeling in the Gulf of Mexico Region” study is defined in terms of pollutants, representative time
periods for the base case and future year analysis, geographical domain, and sources to be
included.

Pollutants included in the inventories were selected to support analysis of air quality impacts
in terms of impacts on attainment of the NAAQS and on AQRVSs, including acid deposition and
visibility. The selected pollutants are as follows: the NAAQS criteria pollutants — CO, NOy (which
includes NO and NO; and is stated in terms of equivalent mass of NO;), PM, 5, fine plus coarse PM
(PM1p), and SO,; criteria precursors — VOCs (which are precursors to the formation of ozone and
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organic particulates) and ammonia (NH3) (which is a precursor to particulate matter formation). As
previously mentioned in Chapter 4.1.1, lead (Pb) was not included in the inventory. While the
cumulative air quality impact analysis did not focus specifically on air toxics, the compilation of VOC
emissions by source type, together with VOC speciation profiles by source type, provides a
mechanism for estimating emissions of individual air toxic species.

Overview of Modeling Results

The post-processed results for comparison to the NAAQS, PSD increments, and visibility
and acid deposition thresholds are described below. The results in this section are still preliminary,
but are being used to disclose the potential cumulative impacts to coastal areas.. Specific
cumulative impact analysis results from the “Air Quality Modeling in the Gulf of Mexico Region” study
are presented in Appendix H.

The CAMx future year scenario model and ozone and particulate matter source
apportionment modeling outputs were post-processed for comparison against the NAAQS and PSD
concentration increments, and other thresholds of concern as discussed below. For analyzing the
NAAQS and AQRYV impacts at Class | and sensitive Class Il areas, the thresholds of concern used
were as defined by the Federal Land Manager that manages each Class I/ll area.

Source apportionment provides a means of assessing the contributions of specified sources
or categories of sources to predicted ozone and PM concentrations and their precursors under the
air quality conditions being simulated. Source contributions were calculated for ozone and PM using
the Ozone and Particulate Source Apportionment Technology routines included in CAMx. Source
apportionment analyses were applied to the future year scenario in order to analyze the pre- and
postlease OCS oil- and gas-related impacts to short-term and annual NAAQS, AQRVs, and PSD
increments. While BOEM selected nine source categories for the CAMx future year source
apportionment simulation as listed in Table 4-4, only four are appropriate for this Multisale EIS
analysis because they apply to the Gulf of Mexico region.

Table 4-4. Source Categories for Source Apportionment Calculations.

Category ID Sources

sc3 A(_jditiongl BOEM OC_:S oil a_md gas production platforms associated with
this Multisale EIS (with Action)

sca Additignal BQEM <_)i| andlgas producfcion sulpport vessels and helicopters
associated with this Multisale EIS (with Action)

SC5 BO_EM OCS oil and gas production platft_)rms, support vessels, and
helicopters under the base case (No Action)

SC6 All othgr marine vessel activity in the GL_JIf of Mexico nc_)t associated with
OCS oil and gas development, exploration, or production

SC = source category.
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4.1.2.3.1 Impacts Assessment
NAAQS Impacts

The impacts for the NAAQS criteria pollutants ozone (O3), nitrogen dioxide (NOy), sulfur
dioxide (SO.), carbon monoxide (CO), fine particulate matter with aerodynamic diameter less than
2.5 ym (PM; ), and fine plus coarse particulate matter with aerodynamic diameters less than 10 um
(PMo) are discussed below.

Comparison to the NAAQS

Results of each impact analysis are compared with applicable “thresholds of concern,” which
have typically been used in air quality impact evaluations by other Federal actions, including onshore
oil and gas leasing programs. The applicable comparison thresholds for criteria pollutant impacts
are the corresponding NAAQS (Table 4-5).

The CAMx future year scenario predicted that the total concentrations from all emission
sources were post-processed for comparison to the applicable NAAQS in two different ways. First,
the CAMx predictions were compared directly against each NAAQS. This is referred to as the
“absolute” prediction comparison. These absolute prediction comparisons may be misleading in
cases in which the model exhibits significant prediction bias. In recognition of this, USEPA modeling
guidance (USEPA, 2007 and 2014) recommends using the model in a relative sense when
projecting future year ozone, PM,s, and regional haze levels, and USEPA has developed the
Modeled Attainment Test Software (MATS; Abt., 2014) for making such future year projections. This
approach uses the ratio of future year to current year modeling results to develop Relative Response
Factors (RRFs) that are applied to observed current year Design Values (abbreviated as either DVC
or DVB) to make future year Design Value (DVF) projections (i.e., DVF = DVC x RRF). The MATS
was applied to the prediction of both ozone and PM, s DVFs.

Table 4-5. NAAQS and PSD Increments.

Pollutant/Averaging PSD Class | PSD Class I
Pl Time N Increment’ Increment’
35 ppm
co 1-hour” 40,000 ug/m® - -
9 ppm
coO 8-hour? 10,000 pg/m® - -
3 100 ppb
NO, 1-hour 188 pg/m’ - -
NO, Annual® 13’;’ 55/213 2.5 ug/m? 25 pg/m?
i 5 0.070 ppm _ _
O3 8-hour 137 pgim?®
PMo 24-hour’ 150 pg/m?® 8 pg/m® 30 pg/m®
PMo Annual’ - 4 pg/m® 17 ug/m®
PM, s 24-hour® 35 pg/m*® 2 pg/im® 9 pg/m®
PM,s Annual® 12 pug/m® 1 ug/m® 4 pg/im®
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Pollutant PoIIutant/Averaglng NAAQS PSD Class1l PSD Class1ll
Time Increment Increment
10 75 ppb
SO, 1-hour 196 pg/ms
11 0.5 ppm 3 3
SO, 3-hour 1,300 pg/m’ 25 yg/m 512 pg/m
S0, 24-hour - 5 pg/m® 91 pg/m®
SO, Annual® - 2 ug/m® 20 pg/m®

The PSD demonstrations serve information purposes only and do not constitute a regulatory
PSD increment consumption analysis.

No more than one exceedance per calendar year.

98th percentile, averaged over 3 years.

Annual mean not to be exceeded.

Fourth-highest daily maximum 8-hour ozone concentrations in a year, averaged over 3 years,
NAAQS promulgated December 28, 2015.

® Not to be exceeded more than once per calendar year on average over 3 years.

T3 year average of the arithmetic means over a calendar year.

® 98th percentile, averaged over 3 years.

° Annual mean, averaged over 3 years, NAAQS promulgated December 14, 2012.

1% 99th percentile of daily maximum 1-hour concentrations in a year, averaged over 3 years.

" No more than one exceedance per calendar year (secondary NAAQS).

a »~ W N

Ozone

The ozone NAAQS is defined as an 8-hour averaging time that is expressed as a 3-year
average of the 4™ highest maximum daily average. Since only one calendar year of modeling results
are available for the base year and future year outcome, the future year 4™ highest maximum daily
average 8-hour ozone concentration is used as a pseudo-NAAQS comparison metric. The USEPA’s
Modeled Attainment Test Software was used to make future year ozone future design values
projections using the CAMx 2012 Base Case and Future Year Scenario modeling results.

The impacts to air quality from O; for of all proposed and existing oil and gas emissions from
Gulf of Mexico OCS sources and their support vessels/aircraft (Source Group C) are moderate
because the future year design values were above the current year design value (which was already
above the NAAQS). The modeling suggests that the maximum contribution of all proposed and
existing oil and gas emissions from Gulf of Mexico OCS sources and their support vessels/aircraft
(Source Group C) occur in Galveston, Texas (a nonattainment area).

The impacts to air quality from Oj; for Source Group B (new platforms and associated
support vessels and aircraft under this Multisale EIS) are minor because the future year design
values were lower than the current year design values. The modeling suggests that the maximum
contribution of Source Group B is centered in the GOM offshore of Louisiana; maximum impacts
from the State seaward boundaries inland along the coast of Cameron Parish, Louisiana. Source
Group A (new platforms under this Multisale EIS) maximum contributions occur in the same location,
but the support vessel and helicopter activities (from Source Group B) are responsible for the greater
impacts landward of the State seaward boundary.
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NOTE: For the ozone impacts assessment, please note that the States will not designate
under the 2015 ozone standard of 70 ppb until 2017, with the earliest attainment date of March 2021
for marginal areas. For this impacts assessment, the non-OCS source emissions were based on
USEPA’s 2017 emission projections, with a future modeled year of 2017 and compared with the
70-ppb standard. This assessment is assuming the standard will be attained in advance of the
actual attainment date but wanted to give maximum OCS oil and gas impacts under the new 70-ppb
ozone standard.

Particulate Matter (PM)
PMz5

There are two PM, 5 NAAQS: one for the 24-hour averaging time that is expressed as a
3-year average of the annual 98" percentile in a year and an annual average over 3 years. With
1 year of photochemical grid modeling, the annual 98" percentile would correspond to the 8" highest
24-hour PM; 5 concentration in a year. As described for the ozone NAAQS analysis, the MATS was
used to calculate DVFs for the 24-hour and annual PM, s NAAQS.

All future year modeled concentrations for 24-hour and annual PM, 5 are below the NAAQS.
The impacts to air quality from 24-hour PM, s and annual PM,s are minor because the future year
design values were lower than the current year design values at all sites except one. While the
annual PM;s current year modeled concentration exceeded the NAAQS in Harris County, Texas,
the projected future year design value at this location is below the NAAQS.

24-hour PM, 5: All current and future year design values are below the NAAQS, and
the future year design values are projected to be lower than the current year design
values at all sites. The modeling suggests that the highest 24-hour PM, s impacts
occur at the State seaward boundary off the coast of Louisiana. There were no
monitoring sites with the 24-hour PM, 5 in excess of the NAAQS, with future year
modeling projecting no design value exceedances. The maximum contributions due
to emissions from all existing and proposed GOM platform and support equipment to
the 8" highest 24-hour PM,s concentrations occurs right on the State seaward
boundary off the coast of Houma, Louisiana.

Annual Average PM,s: The modeling suggests that the highest annual PM,s
impacts occur right at the State seaward boundary off the coast of Louisiana. There
was one monitoring site with annual PM,s design value concentrations above the
NAAQS (in Harris County (Houston), Texas) but reduced to below the NAAQS in the
future year. The maximum contribution to annual PM, 5 future design values due to
emissions from all existing and proposed GOM platform and support equipment
occurs at the State seaward boundary off the coast of Louisiana.
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PMio

There is only one PMj; NAAQS: one for the 24-hour averaging time that is expressed as a
3-year average not to be exceeded more than once per calendar year. With 1 year of photochemical
grid modeling, the annual gg'" percentile will correspond to the g highest 24-hour PM,s
concentration in a year. The impacts to air quality from PM, are minor because, while there are
concentrations increases in water farther offshore, no overall standards were exceeded.

24-Hour PMyo: The OCS oil- and gas-related impacts for the 24-hour PM,, are
similar to the 24-hour PM, 5 future year modeling, projecting no future design value
exceedances. The modeled 2™ highest daily average PM;o concentrations can be
compared with the 24-hour average PM;o NAAQS for the base and future scenarios
and the base-future differences. The modeling suggests areas of elevated PMy, are
evident in urban and port areas and in fire zones along the Gulf Coast of Texas and
Louisiana (impacts of fires on PMy, are also seen). The PMj, decreases between
the current and future year are modeled along the Louisiana coast, with increases in
waters farther offshore associated with new emissions from proposed action sources.
The maximum contribution of all oil and gas platforms and support vessels and
helicopters (Source Group C) are below the NAAQS, and the maximum contribution
of the new platforms and associated support vessels and aircraft under this Multisale
EIS (Source Group B) are below the NAAQS.

Nitrogen Dioxide (NO,)

There are two NO, NAAQS: one for the 1-hour averaging time that is expressed as a 3-year
average of the annual 98" percentile in a year and an annual average over 3 years. With 1 year of
photochemical grid modeling, the annual 98" percentile would correspond to the 8" highest 24-hour
NO, concentration in a year. Results are included below for both the 1-hour NO, and the annual
NO, averaging times. All modeled concentrations for NO, are below the NAAQS. The impacts to air
quality from 1-hour NO, and annual NO, are minor because overall, concentrations decrease
between the base and future year scenarios at most locations. While there was in increase between
the base and future year scenarios for annual NO, in Vermilion Parish, Louisiana, the no standards
were exceeded.

1-hour NO,: All modeled 1-hour NO, concentrations are below the NAAQS. The
overall, concentrations decrease between the base and future year scenarios at most
locations. The modeling suggests that the maximum contributions from new
platforms and support vessels and helicopters associated with this Multisale EIS
(Source Group B) are dominated by vessel and possibly helicopter traffic in the port
areas, most notably in Vermilion Parish, Louisiana; and the maximum combined
contributions from new and existing platforms and support vessels and helicopters
(Source Group C) are dominant in the area of the LOOP.
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Annual NO,: These results are similar to those for 1-hour NO,. The maximum
impacts of new and existing platforms and support vessels and helicopters
associated with this Multisale EIS (Source Group C) showed increases between the
base and future year scenarios to occur near the entrance to the Freshwater Bayou
Canal in Vermilion Parish, Louisiana, and somewhat larger increases modeled in the
Permian Basin of west Texas. However, overall no standards were exceeded.

Sulfur Dioxide (SO5)

There are two SO, NAAQS: one for a 1-hour averaging time that is expressed as a 3-year
average of the annual 99" percentile in a year and a 3-hour average not to be exceeded more than
once per year. All modeled concentrations for SO, are below the NAAQS. The impacts to air quality
from 1-hour SO, and 3-hour SO, are minor because overall, concentrations decrease between the
base and future year scenarios at most locations as sources retire or apply control equipment.

1-hour SO,: All modeled values are below the NAAQS. While maximum
contributions are located from sources in areas with deepwater platforms,
concentrations decrease in most locations in the future year scenario as sources are
retired or apply control equipment with projected maximum impacts all below the
NAAQS.

3-hour SO,: All modeled values are below the NAAQS. These results are similar to
those for the 1-hour SO, described above.

Carbon Monoxide (CO)

There are two CO NAAQS: a 1-hour averaging time and an 8-hour average not to be
exceeded more than once per year. All modeled concentrations for SO, are below the NAAQS. The
impacts to air quality from 1-hour CO, and 8-hour CO are minor because overall, concentrations
decrease between the base and future year scenarios at all locations.

1-hour CO: The modeled 1-hour CO design values (based on the annual 2™ highest
daily maximum 1-hour average) for the base, future, and future-base scenarios show
all values are below the NAAQS.

8-hour CO: The modeled 8-hour CO design values (based on the annual 2™ highest
non-overlapping running 8-hour average) for the base, future, and future-base
scenarios show the maximum predicted 8-hour design value in the future year occurs
at the entrance to the Freshwater Bayou Canal in Vermilion Parish, Louisiana, but no
over standard was exceeded.
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Incremental Impacts of PSD Pollutants with Respect to PSD Class | and Class Il Increments

As mentioned in Chapter 4.1.1, the WPA, CPA, and EPA include national parks and Federal
wilderness areas where air quality and AQRVs (primarily visibility) are protected more stringently
than under the NAAQS. The Class | areas, compared with Class Il areas, have lower PSD
increments that new sources may not exceed and that are protected against excessive increases in
several AQRVs, including visibility impairment. Table 4-6 lists those areas that are located along the
Gulf Coast and, thus, are of greatest interest to this analysis.

The incremental AQ/AQRYV contributions associated with emissions from each source group
listed in Table 4-4 were calculated for the Class | and sensitive Class Il areas listed in Table 4-6.
The selected areas include all Class | and sensitive Class |l areas within the 4-km modeling domain
plus additional Class | areas within the 12-km modeling domain (Bradwell Bay).

The Class | and sensitive Class Il increments analyses results are expressed in terms of the
maximum increment consumption over all Class | and sensitive Class Il areas within the 4-km
modeling domain. Incremental impacts of each Source Group at Class | and sensitive Class Il areas
were calculated for all pollutants for which PSD increments have been set (NO,, SO,, PM4,, and
PM,5) and are discussed below.

Table 4-6. Class | and Sensitive Class Il Areas in Gulf Coast and Nearby States.

Type Name Agency State Modeling Domain
Class | Breton Wilderness Area FWS LA 4 km
Class Il | Breton National Wildlife Refuge FWS LA 4 km
Class Il | Gulf Islands National Seashore NPS MS, FL 4 km
Class Il | Padre Island National Seashore NPS TX 4 km
Class | Bradwell Bay Wilderness Area FS FL 12 km

FS = Forest Service; FWS = Fish and Wildlife Service; NPS = National Park Service.

Comparison at the Class | and Sensitive Class Il Areas

The maximum contribution of new oil and gas production sources under this Multisale EIS
were reported for each Class | and sensitive Class Il area and were compared against the PSD
increments given in Table 4-5. Comparisons of impacts from a proposed action with maximum
allowed PSD increments are presented here as an evaluation of a “threshold of concern” for
potentially significant adverse impacts, but they do not represent a regulatory PSD increment
consumption analysis. (Note: This analysis does not constitute a regulatory PSD increment
consumption analysis as would be required for major sources subject to the New Source Review
program requirements of the Clean Air Act. Under the Clean Air Act, a PSD increment consumption
analysis requires major stationary sources subject to PSD review to demonstrate that emission
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increases from the proposed source, in conjunction with all other emissions increases or reductions
in the impacted area (typically within 50 km [31 mi]), will not cause or contribute to concentrations of
air pollutants that exceed PSD increments. The PSD increments have been established for NOy,
SO,, and PM in Class | and sensitive Class Il areas. Actions to be authorized by BOEM under this
Multisale EIS do not typically constitute major stationary sources and do not typically trigger PSD
permits or review. However, a comparison of ambient concentrations from an accumulation of new
oil and gas sources within the entire study area to PSD increments at specific Class | and sensitive
Class Il areas is included in this analysis for information purposes. This information is presented to
aid State agencies in tracking potential minor source increment consumption and to aid Federal
Land Managers or Tribal governments responsible for protecting air resources in Class | areas).

The CAMx source apportionment results for individual source categories were used to
evaluate the incremental impacts of each of a set of hierarchical source groups as defined in Table
4-6. Note that Source Group B represents all new direct emissions associated with this Multisale
EIS, and Source Group C represents these sources in addition to all existing OCS platforms and
associated support vessel and aircraft activity.

The impacts to Class | areas from contributions of new platforms and its associated support
vessels and aircraft are minor because proposed activities exceed the 24-hour PM, 5 Class | PSD
increments by 10 percent at the Breton Wilderness Area, which are a result of support vessels and
helicopter traffic associated with the activities. The impacts to Class | areas from contributions of all
activities from past, present, and future lease sales are moderate because proposed activities
exceed the annual and 24-hour PM, 5, 24-hour PM,q, and annual NO, Class | PSD increments at the
Breton Wilderness Area.

The impacts to sensitive Class Il areas from contributions of all activities as a result of a
single proposed lease sale are minor because, while maximum increases occur at the Gulf Islands
National Seashore for all PSD pollutants and averaging times and increases occur for annual NO at
the Breton Wilderness Area, there are no exceedances of the PSD Class Il increment. The impacts
to sensitive Class Il areas from contributions of all activities from past, present, and future lease
sales are moderate because proposed activities exceed the annual 24-hour PM,5 Class Il PSD
increments at the Gulf Islands National Seashore.

Class | Areas

For all source groups described in Table 4-7, the maximum contributions for all PSD
pollutants and averaging times occur at the Breton Wilderness Area Class | area. Concentration
increments from Source Groups A and B are less than the maximum allowed PSD increments for all
pollutants and averaging times, except for the 24-hour PM, 5 increment from Source Group B at the
Breton Wilderness Class | area where the maximum impact exceeds the Class | PSD increment.
The difference in the maximum Source Group A 24-hour average PM, s increment and the maximum
Source Group B 24-hour average PM, 5 indicates that support vessels or helicopter traffic associated
with new offshore platforms, rather than emissions from the platforms themselves, are largely
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responsible for pushing the maximum impact above the Class | PSD increment at Breton Wilderness
Area. However, when the 24-hour PM, 5 impact from Source Group B is averaged over all grid cells
covering the Breton Wilderness Class | area, the impact is below the Class PSD increment. The
maximum impacts from Source Group C exceeds the annual and 24-hour PM, 5, 24-hour PMy,, and
annual NO; Class | PSD increments at the Breton Wilderness Area..

Sensitive Class Il Areas

For all source groups described in Table 4-7, the maximum contributions occur at the Gulf
Islands National Seashore for all PSD pollutants and averaging times except annual NO,, which
occurs at the Breton Wilderness Area. The cumulative impacts (Source Group C) exceed the annual
24-hour PM, 5 Class Il PSD increments at the Gulf Islands National Seashore.

Table 4-7. Source Group for Incremental Impacts Analysis.

Source Included Source
) Comment
Group Categories
A SC3 New oil and gas platform sources under this Multisale EIS
Add support vessels and aircraft associated with new
B SC3,SC4 platform sources
Add oil and gas platforms and associated support vessels
SC3, 8C4,8C5 and aircraft under the No Action Alternative
SC3, SC4, SC5, SC6 | Add all other marine vessel activity in the GOM

AQRYV Impacts — Including Visibility and Acid Deposition

While visibility and acid deposition are not directly regulated by BOEM, an analysis of the
potential impacts is provided below.

Results of each impact analysis are compared with applicable “thresholds of concern,” which
have typically been used in air quality impact evaluations by other Federal actions, including onshore
oil and gas leasing programs. The applicable comparison thresholds for visibility impacts are based
on incremental changes in light extinction below the level at which they would be noticeable to the
average human observer. The applicable comparison thresholds for acid (i.e., sulfur and nitrogen)
deposition impacts are based on (1) incremental impacts considered sufficiently small as to have no
consequential effect on the receiving ecosystems, i.e., Deposition Analysis Thresholds, and
(2) critical load levels above which cumulative ecosystem effects are likely to or have been
observed.

Comparison to Visibility and Acid Deposition

Visibility impacts were calculated for each source group using incremental concentrations as
quantified by the CAMx Particulate Source Apportionment Technology tool. For each source group,
the estimated visibility degradation at the Class | areas and sensitive Class Il areas due to the
source group are presented in terms of the number of days that exceed a threshold change in
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deciview (Adv) relative to background conditions. The number of days with a Adv greater than 0.5
and 1.0 are reported.

The preliminary results of impacts of all activities as a result of a single proposed lease sale
to visibility impairment from a proposed lease sale is expected to be minor to moderate as modeled
results show exceedances of the visibility thresholds at several of the Class | and sensitive Class Il
areas in the Gulf of Mexico region. The preliminary results of impacts of all activities as a result of all
contributions of all activities from past, present, and future lease sales to visibility impairment from a
proposed lease sale is expected to be minor to moderate as modeled results show exceedances of
the visibility thresholds at several of the Class | and sensitive Class Il areas in the Gulf of Mexico
region.

The preliminary results of impacts of all activities as a result of a single proposed lease sale
to acid deposition is expected to be minor to moderate as modeled results show incremental
nitrogen deposition exceeds the western and eastern Deposition Analysis Thresholds at all three
locations (i.e., the Breton Wilderness Area, Gulf Islands National Seashore, and Padre Island
National Seashore). Additionally, incremental sulfur deposition is below the Deposition Analysis
Thresholds in all cases except the sulfur deposition at the Breton Wilderness Area and Gulf Islands
National Seashore, which exceed the western Deposition Analysis Thresholds but not the eastern
Deposition Analysis Thresholds.

The preliminary results of impacts of all from contributions of all activities from past, present,
and future lease sales to acid deposition is expected to be minor to moderate as modeled results
show cumulative maximum nitrogen deposition to continue exceeding the critical load thresholds
under the future year scenario for all areas except the Padre Island National Seashore. Additionally,
cumulative sulfur deposition values are lower, and larger sulfur emission reductions help to reduce
sulfur deposition from above the critical load to below the critical load at the Breton Wilderness Area
and Breton National Wildlife Refuge (based on maximum grid cell values). Nevertheless, the
maximum grid cell sulfur deposition still exceeds the critical load at the Gulf Islands National
Seashore by a small margin.

Visibility

For visibility impacts, thresholds are based on incremental changes in light extinction below
the level at which they would be noticeable to the average human observer. Incremental visibility
impacts were calculated for each source group, as well as the cumulative impact of all sources
combined. The changes in light extinction from CAMx model concentration increments due to
emissions from each source group were calculated for each day at grid cells that intersect Class |
and sensitive Class Il areas within the 12/4km modeling domain-km (7/2-mi) modeling domain. For
Source Group A, the annual 8" highest change in deciview (Adv) exceed the 1.0 threshold at the
Breton Wilderness Area, Breton National Wildlife Refuge, and Gulf Islands National Seashore.

Incremental impacts for Source Group B are larger and include days with the 8" highest change in
deciview greater than 1.0 at the Padre Island National Seashore in addition to the areas mentioned
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above, as well as values greater than 0.5 at the Chassahowitzka Wilderness Area and St. Marks
National Wildlife Refuge. For Source Group A, the annual 8" highest deciview exceed the
1.0 threshold at the Breton Wilderness Area, Breton National Wildlife Refuge, and Gulf Islands
National Seashore. Incremental impacts for Source Group B are larger and include days with
8" highest deciview greater than 1.0 at Padre Island National Seashore in addition to the areas
mentioned above as well as values greater than 0.5 at Chassahowitzka Wilderness Area and
St. Marks National Wildlife Refuge.

Acid Deposition

The CAMx-predicted that wet and dry fluxes of sulfur- and nitrogen-containing species were
processed to estimate total annual sulfur (S) and nitrogen (N) deposition values at each Class | and
sensitive Class Il area. The maximum annual S and N deposition values from any grid cell that
intersects a Class | receptor area was used to represent deposition for that area, in addition to the
average annual deposition values of all grid cells that represent a Class | receptor area. Although
the convention in the past has been to report just the maximum deposition in any receptor in a Class
I/ll area, since deposition relates to the total amount deposited across an entire watershed, the
average metric may be considered a more relevant parameter for evaluating potential environmental
effects. Maximum and average predicted S and N deposition impacts are reported separately for
each source group.

As a screening analysis, incremental deposition values in Class | and Il areas for combined
Source Groups A (new platforms associated with the highest emissions year of the 10 proposed
lease sales) and B (new platforms and associated support vessels and helicopters associated with
the 10 proposed lease sales) were compared to the eastern and western U.S. Deposition Analysis
Thresholds. Comparison of deposition impacts from cumulative sources to the Deposition Analysis
Thresholds is not appropriate. Deposition results were also obtained for all other sensitive areas
throughout the 12-km (7-mi) modeling domain, but the highest deposition values all occurred within
the 4-km (2-mi) domain. The dividing line between the eastern and western Deposition Analysis
Thresholds specified in the FLAG guidance is the Mississippi River, which makes sense for most
locations in the U.S.; however, it is not necessarily clear which Deposition Analysis Threshold would
be most appropriate for coastal locations along the Gulf Coast, so results are compared here against
both Deposition Analysis Thresholds.

Incremental nitrogen deposition exceeds the western and eastern Deposition Analysis
Thresholds at all three locations (i.e., the Breton Wilderness Area, Gulf Islands National Seashore,
and Padre Island National Seashore). Incremental sulfur deposition is below the Deposition
Analysis Thresholds in all cases except the sulfur deposition from Source Group B at the Breton
Wilderness Area and Gulf Islands National Seashore, which exceeds the western Deposition
Analysis Thresholds but not the eastern Deposition Analysis Thresholds.

Cumulative nitrogen deposition from all sources combined for the base case and future year
scenarios were compared against applicable critical load levels in each Class | and Il area for which
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critical loads were identified. Cumulative nitrogen deposition is projected to decrease in all areas
between the 2012 base case and the 2017 future year, which is consistent with an overall reduction
in NO, emissions. Nevertheless, maximum nitrogen deposition is modeled to continue exceeding
the critical load thresholds under the future year scenario for all areas except the Padre Island
National Seashore. Sulfur deposition values are lower, and larger sulfur emission reductions help to
reduce sulfur deposition from above the critical load to below the critical load at the Breton
Wilderness Area and Breton National Wildlife Refuge (based on maximum grid cell values).
Nevertheless, the maximum grid cell sulfur deposition still exceeds the critical load at the Gulf
Islands National Seashore by a small margin.

OCS QOil- and Gas-Related Impacts

This section includes all activities (i.e., routine activities projected to occur and accidental
events that could occur) from past, proposed, and future lease sales. Emissions contributing to air
quality degradation come from many sources. Air pollutants on the NAAQS list are commonly
referred to as criteria pollutants because they are ubiquitous. Although these pollutants occur
naturally, elevated levels are usually the result of anthropogenic activities. The OCS oil- and gas-
related activities that could impact air quality include the following: platform construction and
emplacement; platform operations; drilling activities; flaring; service-vessel trips; fugitive emissions;
the release of oil, condensate, natural gas, and chemicals used offshore, or pollutants from the
burning of these products; and a low-probability catastrophic spill, which is not part of the proposed
action and not likely expected to occur. Based on the air quality modeling results from the “Air
Quality Modeling in the Gulf of Mexico Region” study, cumulative impacts would be moderate
because, while there are exceedances to the thresholds of concern, the impacts are just enough to
push over the standard.

In the air quality modeling study, Source Group C represents all proposed (new) and existing
oil- and gas-related emissions from Gulf of Mexico OCS sources and their support vessels/aircraft.
According to the modeling results, the impacts of criteria pollutants from Source Group C to air
quality are below the NAAQS for all pollutants, except ozone which shows an increase in the future
year design values occurring in Galveston, Texas, which is a nonattainment area. At the Galveston,
Texas, monitor, the contribution of Source Group A (new platforms) alone was sufficient to bump the
future year design value from just below the NAAQS to just above the NAAQS (recall comparisons
to the 70-ppb NAAQS are made after truncating design values to the nearest ppb).

According to the modeling results, the incremental impacts of PSD pollutants from Source
Group C to the Class | area exceed the annual and 24-hour PM, 5, 24-hour PM;o, and annual NO,
Class | PSD increments at the Breton Wilderness Area. The incremental impacts of PSD pollutants
from Source Group C to the sensitive Class Il area exceed the annual 24-hour PM, 5 Class Il PSD
increments at the Gulf Islands National Seashore.
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Non-OCS Oil- and Gas-Related Impacts

Non-OCS oil- and gas-related impacts include other past, present, and reasonably
foreseeable future activities occurring within the same geographic range and within the same
timeframes as a proposed action, but they are not related to the OCS Oil and Gas Program.
Onshore emission sources from non-OCS oil- and gas-related activities include power generation,
industrial processing, manufacturing, refineries, commercial and home heating, and motor vehicles
(Chapter 3.3.2.6). The total impact from the combined onshore and offshore emissions would have
an effect on the ozone nonattainment areas in southeast Texas and the parishes near Baton Rouge,
Louisiana.

State oil and gas programs (Chapter 3.3.2.1) onshore, in territorial seas, and in coastal
waters also generate emissions that affect the air quality of any state. These emissions are
regulated by State agencies and/or the USEPA. Reductions in emissions have been achieved
through the use of low sulfur fuels, catalytic reduction, and other efforts and, as a result, constitute
minor impacts to the air quality of any state.

Other major factors influencing offshore environments, such as sand borrowing (Chapter
3.3.2.7.6), commercial transportation (Chapter 3.3.2.3), military vessels, and recreational vessels
also generate emissions that can affect air quality. These emissions are regulated by State
agencies and/or the USEPA. Reductions have been achieved through the use of low sulfur fuels
and catalytic reduction and, as a result, constitute slight impacts to onshore air quality.

Hurricanes (Chapter 3.3.2.10.2) mainly cause damage to offshore infrastructures and
pipelines, which may result in an oil spill. A hurricane would cause minor effects on the onshore air
quality since air emissions in the event of a hurricane are temporary sources. For the cumulative
scenario, the emissions from oil spill and the associated response activities and infrastructure repair
activities are expected to be the same as a proposed lease sale and to have lesser effects on the
onshore air quality.

Additionally, recent information shows that intercontinental dust transport may have impacts
on the GOM’s air quality. For example, dust from Central America and North Africa has been found
in the Texas atmosphere. Fine particulates (PM, ), such as ammonium sulfate, can be suspended
in the atmosphere and can impair visibility and adversely affect human health. Once in the
atmosphere, these fine particulates can be transported for long distances. It has been observed that
a substantial amount of the fine particulates observed in Texas comes from Mexico and Central
America, and enters into the United States across Texas’ southern border. As a result, it reduces
the visibility at Big Bend and Guadalupe Mountains National Parks, both Class | (pristine with
respect to visibility) areas. The results of air dispersion modeling indicate that as much as half of the
visibility impairment (occurring on 20% of the most visibility impaired days) at Big Bend comes from
international transport (State of Texas, Commission on Environmental Quality, 2014). The trans-
Atlantic transport of North African dust by summertime trade winds occasionally increases ambient
particulate matter (PM) concentrations in Texas above air quality standards (Bozlaker et al., 2013).
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These results indicate that an increase in visibility impairment in Texas is likely due to transport of
dust rather than OCS oil- and gas-related emission sources.

The activities associated with a proposed action would increase global greenhouse gas
(GHG) emissions from the use of vessels, drilling equipment, and other activities that burn fossil
fuels. In addition, methane (CH,,) also known as natural gas, is removed from wells and brought
onto OCS oil- and gas-related facilities along with oil being produced. Sometimes CH4 is released
as a fugitive gas that can escape unintentionally from leaks in equipment used by operators. As a
result of exploration, development, and production of oil and gas on the OCS, the activities
associated with a proposed action are expected to release GHGs and black carbon from the use of
combustion engines in vessels, construction, drilling, and other equipment, as well as through
deliberate or accidental release of CH4. In addition to the direct emissions from OCS oil and gas
operations presented above, BOEM has evaluated GHG emissions covering the lifecycle of OCS oil
and gas production and consumption. This includes both the “downstream” consumption and
onshore processing of oil and gas products, as well as the “upstream” emissions from offshore
exploration, development, and production. This Multisale EIS tiers from the Five-Year Program EIS.
In the Five-Year Program EIS, the potential impacts of the Program’s activities on climate change
were assessed in Chapter 4.2.1 (Climate Change) and specifically addressed the GOM proposed
lease sales in that analysis (Five-Year Program EIS) (USDOI, BOEM, 2016b).

Incremental Contribution of a Single Proposed Lease Sale to Overall Cumulative Impacts

In the air quality modeling study, incremental contributions are categorized as the impacts of
pollutants from new platforms and their associated support vessels and aircraft. The forecasted data
used to support modeling analyses include emissions resulting from the 10 proposed lease sales
annualized by using BOEM'’s Resource Evaluation’s mid-case scenario. To understand how these
results would apply to a single proposed lease sale, the level of projected activity was compared
between the modeled highest year of the 10 proposed lease sales to a single proposed lease sale.
A regionwide lease sale has not previously been analyzed, and historic trend data are limited. In the
scenario in Chapter 3.1, the projected activities of a single regionwide lease sale is based on a
range of historic observations and provides a reasonable expectation of oil and gas production
anticipated from a single proposed lease sale. The projected activities of 10 proposed regionwide
lease sales’ mid-case scenario, which was used in the model, falls within the range of a single
proposed lease sale. This is conservative because the current price of oil equals the low range of
the scenario. Using these assumptions, the potential impacts of a single proposed lease sale would
be minor because the affected resource could be avoided with proper mitigation. The modeling
results show that ozone exceeds the NAAQS in Galveston, Texas, and 24-hour PM, 5 exceeds the
Class | PSD increment at the Breton Wilderness Area. The impacts were sufficient to increase the
future year design value from just below the NAAQS for ozone and over the Class | PSD increment,
respectively.

In the air quality modeling study, Source Group B represents new platforms and emissions
and their support vessels and aircraft. According to the modeling results, the impacts of criteria



Description of the Affected Environment and Impact Analysis 4-51

pollutants from Source Group B to air quality are below the NAAQS for all pollutants, except for
ozone. At the Galveston, Texas, monitor, the contribution of Source Group A (new platforms) alone
was sufficient to bump the future year design value from just below the NAAQS to just above the
NAAQS.

The impacts to Class | areas from contributions of new platforms and their associated
support vessels and aircraft show that proposed activities exceed the 24-hour PM,5 Class | PSD
increments by 10 percent at the Breton Wilderness Area, which are a result of support vessels and
helicopter traffic associated with the activities.

The impacts to sensitive Class Il areas from contributions of all activities as a result of a
single proposed lease sale are minor because, while maximum increases occur at the Gulf Islands
National Seashore for all PSD pollutants and averaging times and increases occur for annual NO, at
the Breton Wilderness Area, there are no exceedance of the PSD Class Il increment.

4.1.2.4 Incomplete or Unavailable Information

This chapter discusses the incomplete or unavailable information needed to assess the
impacts from OCS oil- and gas-related activities. Relevant final air modeling study results are
unavailable at this time. However, BOEM has used preliminary results, which are provided in
Appendices F-H in its place. These preliminary results were incorporated into the analysis and is
the best science available. Furthermore, BOEM relied on data gathered from recent Gulf of Mexico
OCS emission inventories, along with scenarios or estimates of future production. The scenarios
provide (1) the assumptions for and estimates of future activities, (2) the rationale for the scenario
assumptions and estimates, and (3) the type, frequency, and quantity of emissions from offshore
sources associated with a proposed lease sale. Finally, emissions as a result of a proposed lease
sale would be regulated at the postlease stage under air quality plan reviews. Additional monitoring
measures and air quality dispersion modeling can be requested of the operator if a further analysis is
needed and mitigation would be required as necessary.

BOEM determined the projected total emissions that would result from the activities on a
lease based on estimated emissions from various OCS non-platform and OCS platform equipment
types, such as diesel engines and generators, and the level of offshore activity projected in
Chapter 3.1. These same emissions estimates were used as inputs for modeling scenarios to
predict future impacts. The final study results are not available in time for this Multisale EIS, but
BOEM expects that they would be included in future EIS documents. To address data gaps and
current impacts, BOEM used the preliminary results, emissions inventory data, available studies,
postlease plan information, and current proposed lease sale scenario data, as well as previous
proposed action scenario data, to reach the impact conclusions.

The air quality in the GOM can be affected by the pollution emitted from OCS oil- and
gas-related sources as well as non-OCS oil- and gas-related sources. These pollution sources can
also emit a wide variety of pollutants. To improve air quality and reduce air pollution, the Clean Air
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Act Amendments set regulatory limits on pollutants that help to ensure basic health and
environmental protection from air pollution. To assess the amount of pollution being emitted,
pollutants have to be measured. To determine impacts from these pollutants, emission-related
conditions (e.g., rate of emission, height, and distance of sources from coastline) and environmental
conditions (e.g., wind speed and direction, humidity, temperature, and height of the atmospheric
surface layer where pollutants are transported) are calculated.

Emissions from activities related to prior lease sales are represented by the 2011 GWEI
database. Emissions from BOEM's proposed lease sales are estimated from the exploration and
development scenario and have been included in the emission inventory that will be used in the
model to determine routine impacts. The “Air Quality Modeling in the Gulf of Mexico Region” study
includes development of meteorological datasets appropriate for air quality modeling of the study
area (which includes a proposed lease sale), comprehensive emissions inventory of all sources in
the GOM region, and air quality modeling for the cumulative impacts and visibility assessment.
Given that BOEM does not have the final results from the ongoing air quality modeling study yet, for
this Multisale EIS, BOEM relied on emissions inventory data, available studies on OCS oil- and gas-
related activities, postlease exploration and development plan information, and the preliminary
modeling results to fill data gaps. This approach was adequate because it assessed a combination
of pollutants from OCS oil- and gas-related activities, non-OCS oil- and gas-related activities, and
non-oil and gas activities.

4.1.2.,5 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

As mentioned in Chapter 3, for a proposed lease sale under Alternative A, BOEM projects
that no more activity would occur than has resulted in the past from the highest CPA lease sale
combined with the highest WPA lease sale. The contribution of routine and accidental events of a
proposed lease sale to air quality would result in minor impacts because most impacts on the
affected resource could be avoided with proper mitigation. The emission sources would not produce
emissions sufficient to overwhelm the effects of wind and transport in a single area, causing
deterioration of air quality over the regionwide OCS. The incremental contribution of a single
regionwide proposed lease sale would likely have a minor impact on coastal areas because most
impacts on the affected resource could be avoided with proper mitigation. The support vessels and
aircraft associated with new platforms is a lead contributor to the increased impacts in the area.

4.1.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the WPA Portion of the Proposed Lease Sale Area

Since this Alternative excludes the available unleased blocks in the WPA, it would result in
activity concentrated in the CPA/EPA. As mentioned in Chapter 3, for a proposed lease sale under
Alternative A, BOEM projects that no more activity would occur than has resulted in the past from
the highest CPA lease sale combined with the highest WPA lease sale. Therefore, the impacts to
Alternative B would be very similar to Alternative A. The incremental contribution of a single
CPA/EPA proposed lease sale would likely have a minor impact on coastal nonattainment areas
because most impacts on the affected resource could be avoided with proper mitigation.
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4.1.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

Since this Alternative excludes the available unleased blocks in the CPA/EPA, it would result
in activity concentrated in the WPA. As mentioned in Chapter 3, a maximum of 13 percent of the oil
production and associated activity and 19 percent of the gas production and associated activity
would occur in the WPA. While the WPA is a smaller area with less projected activity than is
proposed for the CPA/EPA under Alterative B, the smaller area could decrease impacts to
communities from production platforms and also increase total emissions due to travel distances for
marine vessels; the potential impacts would remain minor. The incremental contribution of a single
WPA proposed lease sale would likely have a minor impact on coastal areas because most impacts
on the affected resource could be avoided with proper mitigation.

4.1.2.8 Alternative D—Alternative A, B, or C, with the Option to Exclude Available Unleased
Blocks Subject to the Topographic Features, Live Bottom (Pinnacle Trend), and/or
Blocks South of Baldwin County, Alabama, Stipulations

Alternative D would have the same analysis and potential impacts as Alternative A, B, or C
because there are so few unleased blocks subject to the Topographic Features, Live Bottom
(Pinnacle Trend), and Blocks South of Baldwin County, Alabama, Stipulations. The difference
between Alternatives A, B, and C with and without any combination of these stipulations is minor for
air quality. The impacts under Alternative D would not be much different and likely not even
measurable when compared with the other alternatives.

4.1.2.9 Alternative E—No Action

BOEM has concluded in Chapter 2.3 that the selection of Alternative E would result in no
additional discernible impacts to the resources analyzed. Cumulative impacts of current and past
activities, however, would continue to occur under this alternative.

4.2 WATER QUALITY —
Water quality is a term used to

For the purposes of this analysis, the GOM is divided | describe the condition or
into coastal and offshore waters. Coastal waters are defined to | environmental health of a
include all bays and estuaries from the Rio Grande River to | waterbody or resource,
Florida Bay. Offshore waters are defined to include those | reflecting its particular
waters extending from outside the barrier islands to the | biological, chemical, and
Exclusive Economic Zone, located within State waters and the | physical characteristics and
Federal OCS. The inland extent is defined by the CZMA. For | the ability of the waterbody to
the purposes of this chapter, offshore waters are divided into | maintain the ecosystems it
three regions: the continental shelf west of the Mississippi River; | supports and influences. Itis
the continental shelf east of the Mississippi River; and deep | animportant measure for both
water (>1,000 ft; 305 m). ecological and human health.
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Coastal water impacts associated with routine activities include increases in turbidity
resulting from pipeline installation and navigational canal maintenance, discharges of bilge and
ballast water from support vessels, and runoff from shore-based facilities. Offshore water impacts
associated with routine activities result from discharge of drilling muds and cuttings, produced water,
and residual chemicals used during workovers. The discharge of drilling muds and cuttings causes
temporary increased turbidity and changes in sediment composition. The discharge of produced
water results in increased concentrations of some metals, hydrocarbons, and dissolved solids.
Structure installation and removal and pipeline placement disturb the sediments and cause
increased turbidity. In addition, offshore water impacts result from supply and service-vessel bilge
and ballast water discharges.

The activity associated with a proposed lease sale could contribute a small percentage of
activity in addition to existing and future OCS oil- and gas-related activities. The specific discharges,
drill muds, cuttings and produced water, and accidents resulting in spills would occur in proportion to
production and, therefore, would add a small increase to the currently anticipated impacts.
Furthermore, the vessel traffic and related discharges associated with a proposed lease sale are a
fraction of the current ongoing commercial shipping and military activity in the Gulf of Mexico. The
impact of discharges, sediment disturbances, and accidental releases are a small percentage of the
current overall activity and the overall impacts to coastal and offshore waters. These OCS oil- and
gas-related sources are related to the activities listed in Table 4-8 below. This table also illustrates
the impact-level conclusions for each impact-producing factor reached in this chapter’s impact
analysis.

Table 4-8. Water Quality Impact-Producing Factors That Are Reasonably Foreseeable.

Water Quality Magnitude of Potential Impact1
Impat;t;i’tlggucmg Alternative A | Alternative B Alternative C | Alternative D | Alternative E
Routine Impacts
Geological Sampling Negligible Negligible Negligible Negligible None
Bottom Area - - - -
Disturbance Negligible Negligible Negligible Negligible None
Operational Negligible to | Negligibleto | Negligibleto | Negligible to None
Discharges and
Wastes Moderate Moderate Moderate Moderate
Pipeline Installation Negligible Negligible Negligible Negligible None
Decommissioning None
and Removal Negligible Negligible Negligible Negligible
Operations
Accidental Impacts
Drilling Fluid Spills Minor Minor Minor Minor None
ggﬁrsmcal and Waste Minor Minor Minor Minor None
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Water Quality Magnitude of Potential Impact1

Impalc:tél(::’trggucmg Alternative A | Alternative B Alternative C | Alternative D | Alternative E
Oil Spills

Without Mitigation Moderate Moderate Moderate Moderate None

With Mitigation Moderate Moderate Moderate Moderate None

Cumulative Impacts

Incremental - - - -
Contribution2 Negligible Negligible Negligible Negligible None
OCS Oil and Gas® Negligible
Non-OCS Oil and -
Gas® Negligible

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”

chapter below.

% This impact level is the incremental contribution of a single proposed lease sale to all cumulative

impacts in the GOM.

® This impact level is the cumulative impacts of all past, present, and reasonably foreseeable OCS
oil- and gas-related activities in the GOM.

* This impact level is the cumulative impacts of all past, present, and reasonably foreseeable activities in

the GOM.

Impact-Level Definitions

For the purpose of the following discussion, the significance of impact-producing factors on
water quality is discussed below. The criteria for significance reflect consideration of the context and
intensity of impact (40 CFR § 1508.27), based on four parameters: detectability (i.e., measurable or
detectable impact); duration (i.e., short term, long term); spatial extent (i.e., localized, extensive);
and severity (i.e., severe, less than severe). For water quality, the significance criteria have been
broadly defined as follows:

Negligible — Impacts are defined as short-term (less than 1 year), localized
contaminants and turbidity that present little to no detectable impact.

Minor — Impacts are defined as detectable, short-term, localized, or extensive
but less than severe; however, detectable contaminant concentrations may
exceed regulatory levels. Minor impacts may have little to no effect on marine
life.

Moderate — Impacts are defined as detectable, short term, extensive, and
severe; or impacts are detectable, short term or long term, localized and severe;
or impacts are detectable, long term, extensive, or localized but less than severe.
Moderate impacts may result in acute or chronic effects to marine life.

Major — Impacts are defined as detectable, short term or long term, extensive,
and severe; however, major impacts may result in acute or chronic effects to
marine life and may potentially cause human health effects.
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4.2.1 Description of the Affected Environment

The U.S. portion of the GOM follows the coastline of five states, from the southern tip of
Texas moving eastward through Louisiana, Mississippi, Alabama, and ending in the Florida Keys.
Including the shorelines of all barrier islands, wetlands, inland bays, and inland bodies of water, the
combined coastlines of these states total over 75,639 km (47,000 mi) (USDOC, NOAA, 2008a). The
GOM coastal areas comprise over 750 bays, estuaries, and sub-estuary systems that are associated
with larger estuaries (USEPA, 2012b). More than 60 percent of U.S. drainage, including outlets from
33 major river systems and 207 estuaries, flows into the GOM (USEPA, 2014c) and has a large
influence on water quality. The largest contributing inputs from the U.S coast are from the
Mississippi and Atchafalaya Rivers in Louisiana. Additional freshwater inputs into the GOM originate
in Mexico, the Yucatan Peninsula, and Cuba.

The physical oceanography of the deep GOM (>1,000 m; 3,281 ft) can be approximated as a
two-layer system with an upper layer about 800- to 1,000-m (2,625- to 3,281-ft) deep that is
dominated by the Loop Current and associated clockwise (anticyclonic) eddies (Welsh et al., 2009;
Inoue et al., 2008); and the lower layer below ~1,000 m (3,281 ft) that has near uniform currents
(Welsh et al., 2009; Inoue et al., 2008). Deep waters east of the Mississippi River are affected by
the Loop Current and associated warm-core anticyclonic eddies, which consist of clear, low-nutrient
water (Muller-Karger et al., 2001). Cold-core cyclonic eddies also form at the edge of the Loop
Current and are associated with upwelling and nutrient-rich, high-productivity waters. More details
on the physical oceanography of the Gulf of Mexico are available in Chapter 3.3.2.9.1.

The primary factors influencing coastal and offshore environments are temperature, salinity,
dissolved oxygen, chlorophyll content, nutrients, potential of hydrogen (pH), oxidation reduction
potential (Eh), pathogens, transparency (i.e., water clarity, turbidity, or suspended matter), and
contaminant concentrations (e.g., heavy metals, hydrocarbons, and other organic compounds).

Surface water temperatures in the Gulf of Mexico vary seasonally from about 29 °C (84 °F) in
the summer to about 19 °C (65 °F) in the winter (Gore, 1992). In the summer, warm water may be
found from the surface down to a thermocline at depths to about 160 ft (50 m). Minimum water
temperatures below the 5,000-ft (1,524-m) water depth approach 4° C (39 °F) (Forrest et al., 2007).

The salinity at the sea surface in the offshore Gulf of Mexico is generally 36 parts per
thousand (ppt) (Gore, 1992). Lower salinities are characteristic nearshore where fresh water from
the rivers mixes with shallow Gulf waters. For example, salinity in open water near the coast may
vary between 29 and 32 ppt during fall and winter, but it may decline to 20 ppt during spring and
summer due to increased runoff (USDOI, MMS, 2000b).

There is a surface turbidity layer associated with the freshwater plumes from the Mississippi
and Atchafalaya Rivers due to suspended sediment in river discharge, especially during seasonal
periods of heavy precipitation. High turbidity may extend up to 50 mi (80 km) offshore the
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Mississippi River and lesser distances to the east and west along the coast. Outside of these areas,
water clarity in the Gulf of Mexico improves, with low levels of suspended sediment.

During summer months, shelf stratification results in a large hypoxic zone on the Louisiana-
Texas shelf in bottom waters (Turner et al., 2012; Obenour et. al., 2013). Hypoxia, the condition of
having low dissolved oxygen concentration in the water (below 2 mg/L), is caused by excessive
nutrients and other oxygen-demanding contaminants (refer to Chapter 3.3.2.12). Hypoxia often
forms when the water column becomes vertically stratified and mixing between oxygenated surface
waters and bottom waters cannot occur. Hypoxia is a widespread phenomenon on the continental
shelf of the northern GOM and is the largest hypoxic zone in the western Atlantic Ocean (Rabalais
and Turner, 2001). The hypoxic zone in the GOM occurs seasonally and is influenced by the timing
of the Mississippi and Atchafalaya River discharge. Formation of the zone is attributed to nutrient
influxes and shelf stratification, and the zone persists until wind-driven circulation mixes the water
column. Recent estimates of the area of low oxygen by NOAA (USDOC, NOAA, 2015h) as of
August 3, 2015, measured 6,474 mi® (16,760 km?) (Figure 3-20), an increase from the size
measured in 2014 (5,052 mi%; 13,085 km?) and larger than the estimated size (5,838 mi%
15,120 km?) forecast by LUMCON (2015) in June 2015. These are the most recent data available,
as a planned cruise to collect data in Summer 2016 was cancelled due to ship mechanical issues
(USDOC, NOAA, 2016a). The size of the hypoxic zone has been shown to be directly correlated
with the flux of nitrogen from the Mississippi River (Turner et al., 2012).

Anthropogenic factors that affect coastal water quality include urban runoff and eroded soil
carrying oil and trace metals, agricultural runoff carrying fertilizer (e.g., nutrients including nitrogen
and phosphorus), pesticides, fungicides, and herbicides; upstream withdrawals of water for
agricultural, industrial, and domestic purposes; contamination by industrial and sewage discharges,
dumping, atmospheric fallout, and spills of oil, chemicals, and hazardous materials (refer to Chapter
3.3.2.3). Mixing or circulation of coastal water can either improve water quality through flushing or
be the source of factors contributing to its decline.

Oil and grease and other contaminants associated with the suspended load from rivers may
ultimately reside in the sediments rather than in the water column. For example, a contaminant may
react with the mineral particles in the sediment and be removed from the water column (e.g.,
sorption). Thus, under appropriate conditions, sediments can serve as sinks for contaminants such
as metals, nutrients, or organic compounds. However, if sediments are (re)suspended (e.g., due to
dredging, a storm event, or in conjunction with seasonal mixing and circulation patterns), the
resuspension can lead to a temporary redox flux, including a localized and temporal release of any
formerly sorbed metals or nutrients (Caetano et al., 2003; Fanning et al., 1982).

Offshore waters, especially deeper waters, are more directly affected by natural seeps (refer
to Chapter 3.3.2.9.2). Hydrocarbons enter the Gulf of Mexico through natural seeps at a rate of
approximately 980,392 bbl per year (a range of approximately 560,224-1,400,560 bbl per year)
(NRC, 2003). Pelagic tar is a common form of hydrocarbon contamination present in the offshore
environment of the GOM (USDHS, CG, 2015). Higher tar concentrations were closely correlated
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with proximity to the Loop Current. Van Vleet et al. (1983) estimated that approximately 7,000 tons
(7,112,323 kg, or about 60,000 bbl) of pelagic tar are discharged annually from the GOM into the
North Atlantic Ocean and that roughly half of the oil may be brought into the GOM from the
Caribbean Sea via the Loop Current, while the remainder appears to originate in the GOM.

The USEPA’s National Coastal Condition Report IV categorizes coastal waters of the United
States based on an evaluation of five indices including water and sediment quality. The water
quality index for the GOM'’s coastal waters was rated fair, and the sediment quality index was rated
poor (USEPA, 2012b). Sediment quality poses an impact risk to coastal water quality as
contaminants in sediments may be resuspended into the water by anthropogenic activities, storms,
or other natural events. Sediments in the GOM coastal region have been found to contain
pesticides, metals, polychlorinated biphenyls (PCBs), and occasionally polycyclic aromatic
hydrocarbons (PAHs) (USEPA, 2012b).

4.2.2 Environmental Consequences
4.2.2.1 Routine Activities

Impact-producing factors from routine activities that could affect water quality are identified in
Chapter 3.1 and include

e geological sampling and bottom area disturbance including pipeline installation;
e operational discharges and wastes; and

e decommissioning and removal operations.

Geological Sampling and Bottom Area Disturbance Including Pipeline Installation

Geological sampling is performed for geological and geotechnical evaluation, using grab
samples, box cores, and gravity, rotary, and piston core methods. Each of these sample techniques
disturbs a small area of the seafloor (typically less than 1 ac [0.4 ha]), creating turbidity. Because
these areas of disturbance are localized and short term, impacts from turbidity due to bottom-
disturbing activities are considered negligible.

Bottom area disturbances create turbidity and occur during geological sampling,
emplacement and removal of jack-up drill rigs, anchored semisubmersible drill rigs and drillships,
platforms, pipelines, and subsea production systems. The emplacement or removal of these
structures disturbs areas of the seafloor beneath or adjacent to the structure. Anchored catenary
systems may disturb an area of seafloor up to about 5-7 ac (2-3 ha). Trenching for emplacement of
pipelines disturbs an area of seafloor up to 2.5 ac (1.0 ha) per kilometer of pipeline (Cranswick,
2001). These bottom-disturbing activities impact water quality when sediments are resuspended,
creating turbidity and resulting in a temporary redox flux, including a localized and temporal release
of components such as metals or nutrients that were associated with the sediment, as described in
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Chapter 4.2.1. Because these areas of disturbance are localized and short term, impacts from
turbidity due to bottom-disturbing activities, including pipeline installation, are considered negligible.

Operational Discharges and Wastes

Operational wastes and discharges are discussed in detail in Chapter 3.1.5.1. These
wastes include drilling fluids (also known as muds) and cuttings, which are discussed in detail in
Chapter 3.1.5.1.1. Water-based muds and cuttings are discharged at the seafloor during drilling of
the shallow portion of the well, prior to installation of a surface riser. The resulting splay (pattern of
mud distribution) on the seafloor may be up to 2,000 ft (610 m) in radius (British Petroleum, 2015),
indicating that turbidity resulting from riserless drilling settles out relatively quickly. After the riser is
installed, drilling muds and cuttings are generally discharged from the drilling unit at or near the
water surface. The heavier mud and cuttings fall close to the drilling unit; however, the resulting
turbidity plume may extend more than a mile from the drilling unit, depending on currents. Similar to
bottom-disturbing activities, turbidity generated from drilling muds and cuttings is temporary and
would settle out quickly. Unlike bottom-disturbing activities, turbidity from drilling muds and cuttings
is less likely to result in a redox flux.

The USEPA (Regions 4 and 6) regulates the discharge of routine operational waste streams
generated from offshore oil- and gas-related activities. Section 403 of the Clean Water Act requires
that NPDES permits be issued for discharges to State territorial waters, the contiguous zone, and
the ocean in compliance with USEPA’s regulations for preventing unreasonable degradation of the
receiving waters. The authority for the NPDES program is Section 402 of the Clean Water Act, as
codified in 40 CFR parts 121-125. The purpose of the NPDES program is to prevent the
unreasonable degradation of the marine environment as described in 40 CFR § 125.122. In
accordance with definitions stated at 40 CFR § 125.121, “unreasonable degradation of the marine
environment” means (1) significant adverse changes in ecosystem diversity, productivity, and
stability of the biological community within the area of discharge and surrounding biological
communities; (2) threat to human health through direct exposure to pollutants or through
consumption of exposed aquatic organisms; or (3) loss of aesthetic, recreational, scientific, or
economic values, which is unreasonable in relation to the benefit derived from the discharge.
Regulated wastes include drilling fluids, drill cuttings, deck drainage, produced water, produced
sand, well treatment fluids, well completion fluids, well workover fluids, sanitary wastes, domestic
wastes, and miscellaneous wastes. The bulk of waste materials produced by offshore oil- and gas-
related activities are produced water (formation water) and drilling muds and cuttings (USEPA,
2009b). There are two general NPDES permits that cover the Gulf of Mexico. Permit GMG290000,
issued by USEPA Region 6, covers the WPA and CPA; and Permit GEG460000, issued by USEPA
Region 4, covers the EPA and a small part of the CPA. Updates to this permit are discussed in
Chapter 3.1.5.1. The USEPA Regions’ jurisdictional areas are shown in Figure 3-10 (USEPA,
2009Db).

To meet the goal of preventing unreasonable degradation of the marine environment,
Section B of the NPDES permits specifies effluent limitations and monitoring requirements for
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offshore oil and gas facilities. Discharged regulated wastes may not contain free oil or cause an oil
sheen on the water surface, and the oil/grease concentration may not exceed 42 milligrams per liter
(mg/L) daily maximum or 29 mg/L monthly average. The discharge of drilling fluids containing oil
additive or formation oil is prohibited, except that which adheres to cuttings and certain small volume
discharges. Barite, used in drilling fluids, may not contain mercury or cadmium at levels exceeding
certain concentrations (1.0 mg/kg mercury and 3.0 mg/kg cadmium). Wastes produced must also be
characterized using a whole effluent toxicity test, where a population of mysid shrimp or inland
silverside minnows are exposed to the waste stream, and mortality of the population must not
exceed 50 percent. The NPDES permits allow a mixing zone as defined at 40 CFR § 125.121 to
meet compliance using an approved plume model. The NPDES permits require no discharge within
1,000 m (3,281 ft) of an area of biological concern. Region 4 also requires no discharge within
1,000 m (3,281 ft) of any federally designated dredged material ocean disposal site.

The background (baseline) water quality conditions upstream (upcurrent) from discharging
facilities under a proposed action are assumed to be free of “unreasonable degradation of the
marine environment,” as defined at 40 CFR § 125.121 and summarized in Chapter 4.2 above. As
discussed below, impacts on bottom sediments from the discharge of produced water have been
observed at a distance of 1,000 m (3,281 ft).

Impacts on water quality from operational discharges related to a proposed lease sale are
expected to be minimal because of the following: (1) USEPA regulations to prevent unreasonable
degradation of the marine environment; (2) prohibitions on discharge of some waste types;
(3) prohibitions on discharge near sensitive biological communities; (4) monitoring requirements and
toxicity testing; (5) mixing zone and dilution factors; (6) operational discharges are temporary in
nature; and (7) any effects from elevated turbidity would be short term, localized, and reversible. As
such, assuming compliance with applicable regulations, the impacts from the discharge of regulated
wastes from routine operations would require no additional mitigation.

The potential toxic effects of water-based and synthetic-based fluid (SBF) drilling muds are
discussed in Chapter 3.1.5.1.1. The SBF is nonpetroleum manufactured hydrocarbons incorporated
into the barite mud matrix. The SBF is well-characterized, has low toxicity and bioaccumulation
potentials, and is biodegradable. Also, SBF is not soluble in water and is therefore not expected to
adversely affect water quality. A previous study of an SBF spill (USDOI, MMS, 2004a) concluded
that the released SBF dispersed into the water, settled to the seafloor, and biodegraded. The SBF
would cause a temporary decrease in dissolved oxygen at the sediment/water interface. The
discharge of SBF-wetted cuttings is allowed under the USEPA Region 4 and Region 6 NPDES
general permits. Discharge of muds containing SBF is prohibited. However, SBF-wetted cuttings
may be discharged after free SBF has been removed (up to 9.4% of SBM may be retained on
cuttings for ocean discharge). Under the guidance of the NPDES permit, drilling muds can be
discharged into the ocean (except in biologically sensitive areas) only if they meet USEPA
requirements, which include testing for toxicity prior to discharge. If they fail the toxicity test, the
materials cannot be discharged into the ocean. The discharge of drilling muds that meet the
required regulatory criteria but include very low quantities of SBFs appear to have minimal and brief
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impacts to the ocean environment. As such, the impact from discharging drill cuttings is considered
negligible.

Produced water is discussed in Chapter 3.1.5.1.2. Produced water can degrade water
and sediment quality in the immediate vicinity of the discharge as it can contain well treatment
chemicals, dissolved solids from the geological formation, inorganic and organic chemicals, and
radionuclides, some of which are toxic and persist in the marine environment.

The discharge of produced water is allowed under the USEPA Region 4 and Region 6
NPDES general permits. The USEPA requires testing of produced water under the NPDES
program. Analyses currently required by the NPDES permit include oil and grease (once per month,
by gravimetric Method 10056) and chronic Whole Effluent Toxicity (once per 6 months after
3 consecutive bimonthly tests for USEPA Region 4; once annually after 4 consecutive calendar
quarters [if less than 4,599 bbl/day] for USEPA Region 6).

Both Regions 4 and 6 require that well treatment fluids, completion fluids, and workover
(WTCW) fluids must not contain priority pollutants, except in trace amounts. This requirement does
not currently apply to produced water. Fluids injected into boreholes during hydraulic fracturing are
considered well treatment (acidizing) and workover (proppant injection) fluids, as discussed in
Chapter 3.1.5.1.3. Flowback fluids from hydraulic fracturing are managed as WTCW fluids under
the NPDES permit.

When WTCW fluids are intermingled with produced water, the discharges are considered
produced water, and the operator may report “no discharge” of WTCW fluids for monitoring and
reporting purposes (refer to USEPA Region 4 and Region 6 NPDES permits). The regulated
industry self-reports the results of NPDES testing to USEPA for entry into the Integrated Compliance
Information System (ICIS) database.

Studies in coastal waters have shown contaminated sediments exist in areas up to 1,000 m
(3,280 ft) from a produced-water discharge point, indicating that water quality in that zone has been
affected by produced-water discharges (Rabalais et al., 1991). In shallow shelf waters,
hydrocarbons from produced water have been shown to accumulate in bottom sediments up to
300 m (984 ft) from an outfall (Rabalais et al., 1991). In offshore waters, contaminated sediments
are localized around offshore platforms (NRC, 2003). Therefore, the potential impact from the
discharge of produced water is considered negligible (beyond 1,000 m; 3,281 ft) to moderate
(within 1,000 m; 3,281 ft).

Furthermore, the loading of nitrogen and phosphorus in produced water discharged within
the entire hypoxic zone are several orders of magnitude smaller than those entering the Gulf of
Mexico from rivers. The total nitrogen loading from produced waters is about 0.16 percent and the
total phosphorus loading is about 0.013 percent of the nutrient loading coming from the Mississippi
and Atchafalaya Rivers (Argonne National Laboratory et al., 2005). As such, the incremental effect
of produced water contributing to the effects of the hypoxic zone is considered negligible.
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Other operational waste streams identified in Chapter 3.1.5 include bilge, ballast, and fire
water; cooling water; deck drainage; and treated domestic and sanitary wastes. These waste
streams are also discharged in accordance with the USEPA Region 4 and Region 6 NPDES general
permits with requirements for the treatment method and prior analytical testing. Wastes that do not
meet regulatory requirements for offshore discharge into the ocean must be properly disposed of or
recycled onshore according to State and Federal regulations. Assuming compliance with these
requirements under the general NPDES permit, the impact of the discharge on water quality is
considered negligible.

Discharges from supply/service vessels that support oil and gas operations are discussed in
Chapter 3.1.5.2. These discharges typically include ballast water, trash and debris, and sanitary
and domestic wastes. They are regulated under the NPDES Vessel General Permit (VGP), Small
Vessel General Permit (sVGP), and the International Convention for the Prevention of Pollution from
Ships, 1973 as modified by the Protocol of 1978 (MARPOL 73/78). All discharges of ballast water
must comply with applicable U.S. Coast Guard regulations (33 CFR part 151). The NPDES permit
defines mandatory ballast water practices required of all vessels. All discharges of oil, including oily
mixtures, must not contain oil in quantities that may violate applicable water quality standards
pursuant to 40 CFR part 110. Assuming compliance with these regulations, the impact of these
discharges is considered negligible.

Discharges related to the onshore disposal of OCS oil- and gas-related wastes (Chapter
3.1.5.3) are limited to potential point-source runoff from the disposal facilities, which is regulated by
the facility NPDES permit. Facility NPDES permits set discharge limits for each characterized waste
stream to protect water quality standards of the receiving waters and require routine discharge
monitoring to ensure compliance. As such, the impact of regulated point-source runoff on water
quality is considered negligible.

Decommissioning and Removal Operations

Potential impacts to water quality related to decommissioning and removal operations are
discussed in Chapter 3.1.6. Requirements for decommissioning are stated at 30 CFR § 250.1703.
These activities include permanently plugging all wells, removal of platforms and other facilities,
decommissioning of pipelines, and clearing the seafloor of all obstructions. The regulation at
30 CFR § 250.1750 allows pipelines (which may be interpreted to include umbilicals and jumpers
that service a subsea completion) to be decommissioned in place if the pipeline does not constitute
a hazard (obstruction) to navigation and commercial fishing operations, does not interfere with other
OCS uses, and does not have adverse environmental effects. Pipelines decommissioned in place
are required to be pigged, flushed, filled with seawater, and cut and plugged with the ends buried
unless BSEE’s Regional Supervisor of Field Operations waives these requirements. In some cases,
umbilicals containing fluids (methanol and hydraulic fluid) may be abandoned in place with BSEE'’s
Regional Supervisor of Field Operations’ approval if operational difficulties (such as clogged tubing
or a lack of infrastructure) prevent flushing. Water quality impacts may occur from this practice;
however, any future release from these umbilicals is expected to be slow and to disperse quickly.
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Decommissioning activities may use both explosive and nonexplosive technologies to remove
structures to a depth of at least 15 ft (5 m) below the mudline. Prior to decommissioning, all tanks
formerly containing oil or hazardous materials are removed, such that the decommissioning may
only result in turbidity from the associated bottom-disturbing activity and temporary redox flux that
could cause a release of formerly-sorbed components. As stated in Chapter 3.1.6, it is anticipated
that the majority of decommissioning activities would take place landward of the 800-m (2,625-ft)
isobath, where naturally occurring turbidity and impacted sediments are more likely to exist.
Because these areas of decommissioning are localized and short term, impacts from turbidity due to
the associated bottom-disturbing activities are considered negligible.

In summary, as OCS oil- and gas-related routine events are highly regulated, such that
effects on water quality are short term, localized, and reversible, and therefore, they would be
expected to have a negligible impact beyond 1,000 m (3,281 ft) from discharge outfalls.

4.2.2.2 Accidental Events

Impact-producing factors related to OCS oil- and gas-related accidental events are
discussed in Chapter 3.2. These events primarily involve drilling fluid spills, chemical and waste
spills, and oil spills.

Drilling Fluid Spills

Water-based fluid (WBF) and SBF spills may result in elevated turbidity, which would be
short term, localized, and reversible. The WBF is normally discharged to the seafloor during
riserless drilling, which is allowable due to its low toxicity. For the same reasons, a spill of WBF
would have negligible impacts. As discussed in Chapter 3.1.5.1.1, the SBF has low toxicity, and
the discharge of SBF is allowed to the extent that it adheres onto drill cuttings. Both USEPA
Regions 4 and 6 permit the discharge of cuttings wetted with SBF as long as the retained SBF
amount is below a prescribed percent, meets biodegradation and toxicity requirements, and is not
contaminated with the formation oil or PAH. A spill of SBF may cause a temporary increase in
biological oxygen demand and locally result in lowered dissolved oxygen in the water column. Also,
a spill of SBF may release an oil sheen if formation oil is present in the fluid. Therefore, impacts
from a release of SBF are considered to be minor. Spills of SBF typically do not require mitigation
because SBF sinks in water and naturally biodegrades, seafloor cleanup is technically difficult, and
SBF has low toxicity.

Chemical and Waste Spills

Accidental chemical spills could result in temporary localized impacts on water quality,,
primarily due to changing pH. Chemicals spills are generally small volume compared with spills of
oil and drilling fluids. As stated in Chapter 3.2.6, during the period of 2007 to 2014, small chemical
spills occurred at an average annual volume of 28 bbl, while large chemical spills occurred at an
average annual volume of 758 bbl. These chemical spills normally dissolve in water and dissipate
quickly through dilution with no observable effects. Also, many of these chemicals are approved to
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be commingled in produced water for discharge to the ocean, which is a permitted activity.
Therefore, impacts from chemical spills are considered to be minor and do not typically require
mitigation because of technical feasibility and low toxicity after dilution.

Oil Spills

Oil spills have the greatest potential of all OCS oil- and gas-related activities to affect water
quality. Small spills (<1,000 bbl) are not expected to substantially impact water quality in coastal or
offshore waters because the oil dissipates quickly through dispersion and weathering while still at
sea. Reasonably foreseeable larger spills (=1,000 bbl), however, could impact water quality in
coastal and offshore waters. Scenarios and impacts from very large oil spills are discussed in the
Catastrophic Spill Event Analysis white paper (USDOI, BOEM, 2017). Oil spills, regardless of size,
may allow hydrocarbons to partition into the water column in a dissolved, emulsion, and/or
particulate phase. Therefore, impacts from reasonably foreseeable oil spills are considered
moderate. Mitigation efforts for oil spills may include booming, burning, and the use of dispersants
(Chapter 3.2.8.2). These methods may cause short-term secondary impacts to water quality, such
as the introduction of additional hydrocarbon into the dissolved phase through the use of dispersants
and the sinking of hydrocarbon residuals from burning. Since burning and the use of dispersants put
additional hydrocarbons into the dissolved phase, impacts to water quality after mitigation efforts are
still considered to be moderate, because dissolved hydrocarbons extend down into the water
column resulting in additional exposure pathways via ingestion and gill respiration, and may result in
acute or chronic effects to marine life.

4.2.2.3 Cumulative Impacts

Since routine and operational discharges from OCS oil- and gas-related activities are
considered to dilute rapidly in the marine environment, particularly in deep water, this impact
analysis considers the potential effects within 1,000 m (3,281 ft) from each OCS oil- and gas-related
waste discharge point, since this is the maximum distance of known produced water impacts. As
such, impacts on water quality from other discharging facilities, whether pre-existing or as part of a
proposed action, are not expected to be additive because the areas of impact generally do not
overlap (except where multiple outfalls may exist at a facility). For the same reason, impacts on
water quality from discharging facilities are not expected to be additive with the other non-OCS
impact-producing factors identified in Chapter 3.3.2.3.

The background (baseline) water quality conditions upstream (upcurrent) from discharging
facilities under a proposed action are assumed to be free of “unreasonable degradation of the
marine environment,” as defined at 40 CFR § 125.121 and summarized in Chapter 4.2 above.

OCS Oil- and Gas-Related Impacts

As noted in Chapter 4.2.2.1, routine OCS oil- and gas-related impacts are considered to be
a small contribution to cumulative impacts because they are considered to be negligible to
moderate (refer to Chapter 3.3.1). Accidental OCS Program spills of drilling fluids, chemicals, and
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oil are considered to have moderate impacts. However, other contaminant sources unrelated to the
OCS Oil and Gas Program contribute significant impacts to water quality in the GOM, as discussed
below.

Non-OCS Oil- and Gas-Related Impacts

Impact-producing factors related to non-OCS oil- and gas-related anthropogenic events and
natural processes discussed below are described in Chapter 3.3.2. These cumulative effects are
important for comparison with OCS oil- and gas-related effects relative to their potential impacts on
water quality.

Non-OCS oil-and gas-related anthropogenic impacts that are regulated include non-OCS
oil-and gas-related activities in State waters, marine vessel activity, LNG ports and terminals,
land-based point-source discharges, aquaculture, OCS sand borrowing, maintenance dredging, and
dredged material disposal. Discharges as a result of these activities require NDPES permits.
Discharges in compliance with regulations, including the NPDES permit and other provisions of the
Clean Water Act, are considered negligible because the regulations are risk-based to assure little to
no effect on marine life, and monitoring is required to demonstrate compliance. Therefore, the
impacts on water quality from these activities are considered negligible.

Unregulated anthropogenic activities often have associated impacts on water quality of
greater magnitude than regulated activities. Non-OCS oil- and gas-related oil spills present the
same impacts as described above for OCS oil- and gas-related spills. Land-based nonpoint-source
discharges from uncontained runoff and groundwater discharge are a source of suspended solids,
organic matter, nutrients, and other pollutants in river outflow. Nutrients in river outflow cause
eutrophication and hypoxia, which can cause unreasonable degradation of the marine environment.
Therefore, impacts to water quality from hypoxia are considered major. The trend in the hypoxic
zone area shows a relatively constant long-term average value of 14,000 km? (8,700 mi®). Pollutants
in nonpoint-source discharges are incorporated into bottom sediments within the coastal zone and
have the potential to cause impacts to water quality. Therefore, impacts to sediments from nonpoint-
source discharges are considered moderate.

Discharges associated with military activities (Chapter 3.3.2.3.2) were evaluated for their
potential impacts to water quality. Debris released to into the GOM as a result of military activities
may contain jettisoned fuel, propellants, aluminum, copper, lead, flares, smokes, and obscurants,
which can impact water quality. These impacts are short term; therefore, the associated impacts to
water quality are considered minor.

Potentially polluting shipwrecks (e.g., bulk cargo and fuel leakage from the wreck) and
chemical weapon disposal areas, which may cause potential impacts to water quality, are discussed
in Chapters 3.3.2.3.1 and 3.3.2.3.3. The potential impacts to water quality from shipwrecks are
dependent on the type of fuel and cargo present on the wreck and the flow rate of contaminants into
the water column. Light oils released from wrecks are localized and generally degrade in the short
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term, and may present only minor impacts to water quality. Chemical weapons were known to
contain extremely toxic substances that, if leaked into the water column, could impact water quality
over the long term. Some of the known disposal areas are in shallow waters, and there have been
occurrences where trawlers have inadvertently raised 55-gallon drums suspected of containing
chemical weapons. Since potential exposures to marine organisms and potentially the food chain
from these substances may occur via the water column, the impacts to water quality are considered
moderate.

Natural events also contribute to cumulative impacts on water quality resulting from oil seeps
and turbidity caused by suspended sediment load from rivers and erosion from currents, storms, and
downslope sediment transport. Hurricanes, human error, and acts of terrorism may increase the
potential for spills. Chapter 3.4 of the Five-Year Program EIS discusses the risk of these
low-probability catastrophic discharge events. Oil seeps (Chapter 3.3.2.9.2) present the same
potential impacts as a small-scale accidental oil spill, except that the seeps may persist over the long
term and are not subject to mitigation. Much of the oil from seeps may biodegrade before it reaches
the surface. As such, the impacts to water quality are considered minor. Natural turbidity persists in
coastal waters due to river outflow and may be intermittent in response to currents, storms, and
downslope sediment transport. The effects from the elevated turbidity on water quality would be
short term, localized, and reversible, and are considered minor.

Impacts from climate change are also considered potential cumulative impacts to water
quality. These impacts include decreased oxygen (Long et al., 2016), changing nutrient loads, and
altered ocean circulation (Brierley and Kingsford, 2009). Ocean acidification results from the
increased concentration of carbon dioxide in the atmosphere (Feely et al., 2009; Doney et al., 2009).
Excess atmospheric carbon dioxide partitions into the water column, forming carbonic acid and
lowering the seawater pH. This chemical alteration leads to a decrease in carbonate ions, which are
used in the formation of calcium carbonate. The natural ocean system buffers the lowered pH by
liberating more calcium carbonate ions from seafloor sediments, which raises seawater pH to
achieve equilibrium (Broeker and Takahashi, 1977). These ionic concentrations are critical to
marine organisms that utilize calcium carbonate in their skeleton and shell formation. This complex
process occurs on a global scale, resulting from a multitude of past and present atmospheric carbon
dioxide sources, both naturally occurring and of anthropogenic origin, and affecting calcium
carbonate deposits in shallow and deep water. Due to the complexity of the ocean acidification
process, estimation of the incremental change in seawater pH as a result of a proposed action is
beyond the scope of this Multisale EIS.

Incremental Cumulative Impacts

The impacts of routine operational discharges from the OCS oil and gas program on water
quality are short term and localized, and are considered negligible to moderate. The potential
impacts from reasonably foreseeable oil spills as a result of the proposed action on water quality
after mitigation are also short term and are considered minor. The impacts from a proposed lease
are a small addition to the cumulative impacts on water quality when compared with inputs from
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hypoxia, potentially leaking shipwrecks, chemical weapon dumpsites, natural oil seeps, and natural
turbidity. The incremental contribution of the routine activities and accidental discharges associated
with a proposed lease sale to the cumulative impacts on water quality would be negligible.

4.2.2.4 Incomplete or Unavailable Information

In preparation for this Multisale EIS, BOEM has reviewed the latest information available
relative to the potential impact-producing factors on water quality, which is presented in Chapter 3.1.
Much of the information pertaining to water quality impacts from the Deepwater Horizon oil spill and
response has been discussed in previous NEPA documents, and water quality has recovered from
this oil spill and response. BOEM has identified incomplete or unavailable information that may be
relevant to reasonably foreseeable impacts on water quality. Much of this information relates to non-
OCS oil- and gas- related impacts. Specifically, potentially polluting shipwrecks and chemical
weapon disposal areas may cause potential impacts to water quality and the marine environment.
There are no publicly available data regarding these potential impacts because no agency has been
tasked with this responsibility. It is not foreseen that this information would be publicly available to
include in this NEPA analysis regardless of the costs or resources needed. BOEM has used the
best available scientific information to date and believes that any additional information would not
likely change the ranking of impacts and is not essential to a reasoned choice among alternatives.

4.2.2.5 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

This chapter summarizes the potential impacts of routine activities, accidental events, and
cumulative impacts associated with Alternative A on water quality. Under Alternative A, BOEM
would hold a regionwide lease sale comprised of the WPA, CPA, and a portion of the EPA. BOEM
estimates that a total of 53-984 exploration and delineation wells and 61-767 development and
production wells would be drilled and that 221-1,332 mi (355-2,144 km) of pipeline would be installed
over a 50-year period. The projected number of drilled wells and miles of pipeline are used as an
indicator of total activity, which correlates to the volume of routine operational waste discharged.
Figures 3-5 and 3-6 show the expected duration of exploration/delineation and production well
drilling over the 50-year period. As stated in Chapter 3.1.2, exploratory drilling activity would likely
occur over the course of each lease, but it could begin within 1 year. As discussed in Chapter 3.1.3,
the majority of development well drilling would likely occur in the first 25 years of each lease, and
production of oil and gas could begin by the 3" year after the lease sale and would generally
conclude by the 50™ year. Therefore, the discharge of drilling-related operational wastes (drill
cuttings and mud, turbidity) and the potential for accidental drilling fluid and chemical/oil spills could
be expected to occur from 1 to 25 years after a lease sale. The discharge of produced water, which
primarily occurs in shallow water, could be expected from 3 to 50 years after a lease sale.

Routine operational discharges may result in localized negligible impacts from the discharge
of SBF-wetted drill cuttings and long-term moderate impacts from the discharge of produced water
and WTCW fluids within 1,000 m (3,281 ft) from outfalls. These impacts are unavoidable, and no
mitigation exists for these discharges. Based on the previously discussed impact-producing factors
for routine activites and accidental events and their estimated level of activity and occurrence across
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the entire proposed lease sale area, cumulative impacts to water quality under Alternative A is
expected to be minor to moderate. The incremental contribution of the routine activities and
accidental events associated with a single proposed lease sale to the overall cumulative impacts to
water quality under Alternative A would be negligible.

4.2.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the WPA Portion of the Proposed Lease Sale Area

Under Alternative B, BOEM estimates that a total of 33-893 exploration and delineation wells
and 46-671 development and production wells would be drilled and that 158-1,020 mi
(254-1,641 km) of pipeline would be installed over a 50-year period. The projected number of wells
and miles of pipeline are used as an indicator of total activity, which correlates to the volume of
routine operational waste discharged, amount of bottom disturbance and drill cuttings causing
turbidity, and the potential for drilling fluid and chemical and oil spills. Based on the previously
discussed impact-producing factors for routine activities and accidental events, their estimated level
of activity, commonly applied mitigating measures,and occurring mostly in the CPA/ and EPA portion
of the proposed lease sale area, Alternative B is expected to result in minor to moderate impacts to
water quality. The incremental contribution of the routine activities and accidental events associated
with a single proposed lease sale to the overall cumulative impacts to water quality under
Alternative B would be negligible. As under Alternative A, some localized and short-term negligible
impacts as a result of drilling and long-term moderate impacts could occur; moderate impacts may
occur from the discharge of produced water within 1,000 m (3,281 ft) of an outfall for site-specific
actions. The environmental consequences of a proposed lease sale under Alternative B and the
inherent resulting activities to water quality would be slightly smaller than proposed in Alternative A
and would be more restricted to the CPA/EPA portion of the proposed lease sale area.

4.2.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

Under Alternative C, BOEM estimates that a total of 17-91 exploration and delineation wells
and 22-96 development and production wells would be drilled and that 65-314 mi (105-505 km) of
pipeline would be installed over a 50-year period. While all of the leases issued under this
alternative would occur in the WPA portion of the proposed lease sale area, activities such as vessel
support and pipeline or coastal infrastructure construction could occur in the CPA portion of the
proposed lease sale area. Based on the estimated level of activity and much smaller geographic
area, Alternative C is expected to result in minor to moderate impacts, though fewer impacts than
Alternative A or B. The incremental contribution of the routine activities and accidental events
associated with a single proposed lease sale to the overall cumulative impacts to water quality under
Alternative C would be negligible.
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4.2.2.8 Alternative D—Alternative A, B, or C, with the Option to Exclude Available Unleased
Blocks Subject to the Topographic Features, Live Bottom (Pinnacle Trend), and/or
Blocks South of Baldwin County, Alabama, Stipulations

The number of available unleased blocks subject to the Topographic Features, Live Bottom
(Pinnacle Trend), and Blocks South of Baldwin County, Alabama, Stipulations is small compared
with the number of unleased blocks being offered under Alternatives A, B, or C. Therefore, the
activity level (and water quality impacts) that can be expected for Alternative D is similar to
Alternative A, B, or C, as applicable, which would be minor to moderate under all action
alternatives. The incremental contribution of the routine activities and accidental events associated
with a single proposed lease sale to the overall cumulative impacts to water quality under
Alternative D would be negligible.

4.2.2.9 Alternative E—No Action

Under Alternative E, there would be no new activities related to the proposed action (no wells
drilled and no pipelines installed). The resulting development of oil and gas would most likely be
postponed to a future lease sale; therefore, the overall level of OCS oil- and gas-related activity
would only be reduced by a small percentage, if any. The environmental impacts expected to result
from a proposed action, which is described above, would not occur in the short term, but they would
likely be postponed to any future lease sale and likely would not require oil and gas substites from
other sources. The cancellation of a proposed lease sale would not significantly change the
environmental impacts of overall OCS oil- and gas-related activity in the long term. Therefore, there
would be no associated impacts to water quality resulting from a proposed lease sale, and additional
impacts would be none.

4.3 COASTAL HABITATS
4.3.1 Estuarine Systems (Wetlands and Seagrass/Submerged Vegetation)

The estuarine system is the transition zone between freshwater and marine environments. It
can consist of many habitats, including wetlands and submerged vegetation. While some seagrass
species can be found farther offshore, the majority is within the coastal area of the GOM and will be
covered in this chapter. The approach of the analysis is to focus on the potential impact-producing
factors from routine OCS oil- and gas-related activities (i.e., exploration, development, and
production), as well as accidental events and cumulative impacts. The potential magnitude for each
of these impact-produring factors is provided in Table 4-9 to help the reader quickly identify the level
of potential impacts for each impact-producing factor. The impact-level definitions and the analyses
supporting these conclusions are then discussed in detail in this chapter.
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Table 4-9.  Estuarine Systems Impact-Producing Factors That Are Reasonably Foreseeable.
Estuarine Systems Magnitude of Potential Impact’
Impalcégstré)rciucmg Alternative A | Alternative B | Alternative C | Alternative D | Alternative E
Routine Impacts
Pipeline Construction - - - -
and Maintenance Negligible Negligible Negligible Negligible None
Navigation Channel Negligible to | Negligible to | Negligible to | Negligible to
Maintenance None
Dredging Minor Minor Minor Minor
Vessel Operation
(support use of Moderate Moderate Minor Moderate None
navigation channels)
Disposal of OCS Oil-
and Gas-Related Negligible Negligible Negligible Negligible None
Wastes
Construction and Use
of Coastal Support Negligible Negligible Negligible Negligible None
Infrastructure
Accidental Impacts
Oil Spills Minor Minor Minor Minor None
Cumulative Impacts
Increr_nen_t al 2 Moderate Moderate Minor Moderate None
Contribution
OCS Oil and Gas® Major
Non-OCS Qil and :
Gas’ Major

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”
chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.

* This includes other past, present, and reasonably foreseeable future activities occurring within the same
geographic range and within the same timeframes as a proposed action, but they are not related to the
OCS Oil and Gas Program.

In this chapter, BOEM reviewed and analyzed routine OCS oil- and gas-related activities and
reasonably foreseeable accidental events. Routine activities associated with a proposed lease sale
that take place on the OCS, where wells are drilled and platforms and pipelines are installed, would
not impact the wetlands or submerged vegetation that is located miles away. Other routine activities
that support offshore oil and gas exploration, such as increased vessel traffic (Chapter 3.1.4.3),
maintenance dredging of navigation canals (Chapter 3.1.3.3.4), pipeline installation (Chapter
3.1.3.3.1), disposal of OCS oil- and gas-related wastes (Chapter 3.1.5), and construction and
maintenance of support infrastructure in the coastal areas (Chapter 3.1.7), could potentially impact
wetlands. Of these impact-producing factors, vessel traffic was not analyzed with respect to
seagrass and submerged vegetation because OCS vessels (due to their size and use of commercial
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ports) are generally not in areas shallow enough to have large submerged vegetation beds. An
analysis of the potential impacts from accidental events, primarily oil spills, associated with a
proposed lease sale is presented in this chapter, as is the incremental contribution of a proposed
action to the cumulative impacts to wetlands and submerged vegetation. Cumulative impacts were
analyzed for OCS oil- and gas-related activities and for other sources that could affect wetlands and
submerged vegetation communities (i.e., human impacts, storms, and vessel traffic). Additional
factors that could affect estuarine systems include subsidence and sea-level rise.

Impact-Level Definitions

For this analysis, the following definitions were used to categorize impacts to wetlands and
submerged vegetation:

e Negligible — Little to no measurable impacts in the surrounding habitat (i.e.,
wetland segment and seagrass bed).

e Minor — Noticeable but short-term and localized impacts.

e Moderate — Damage to coastal habitats that is noticeable, spatially extensive,
and long term or permanent.

e Major — Widespread, permanent loss of habitat; changes in species composition
and abundance and/or altered ecological function well beyond that of normal
variability. Changes would likely be both long lasting and spatially extensive for
such an effect.

4.3.1.1 Description of the Affected Environment

The Mississippi Delta sits atop a pile of Mesozoic and Tertiary-aged sediments up to 7.5 mi
(12.2 km) thick at the coast and it may be as much as 60,000 ft (18,288 m) or 11.4 mi (18.3 km) thick
offshore (Gagliano, 1999). Five major lobes are generally recognized within about the uppermost
50 m (164 ft) of sediments (Britsch and Dunbar, 1993; Frazier, 1967, Figure 1). The oldest lobe
contains peat deposits dated as 7,240 years old (Frazier, 1967). The youngest delta lobe of the
Mississippi Delta is the Plaquemines-Balize lobe that has been active since the St. Bernard lobe was
abandoned about 1,000 years ago. The lower Mississippi River has shifted its course to the Gulf of
Mexico every thousand years or so, seeking the most direct path to the sea while building a new
deltaic lobe. Older lobes were abandoned to erosion and subsidence as the sediment supply was
shut off. Because of the dynamics of delta building and abandonment, the Louisiana coastal area
(U.S. Dept. of the Army, COE, 2004) experiences relatively high rates of subsidence relative to more
stable coastal areas eastward and westward.

43.1.1.1 Wetlands

A recent evaluation of wetland trends in the U.S. covering the period from 2004 to 2009
indicated that in 2009 there were 15.4 million ac (6.2 million ha) of coastal wetlands (including
saltwater and freshwater wetlands) in the GOM region, a downward trend of 257,150 ac
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(104,065 ha) (Dahl and Stedman, 2013) (Figure 4-8). In 2009, there were approximately
3.35 million ac (1.35 million ha) of intertidal wetlands in the GOM coastal region, which was a decline
of approximately 2.8 percent since 2004 and represents 99 percent of all intertidal wetland losses
across the three coastal regions of the conterminous U.S. These losses have been attributed to the
effects of severe coastal storms, land subsidence, sea-level rise, and the construction of levees
along the Mississippi River. In coastal Louisiana and Texas, oil, gas, and groundwater extractions
have contributed to subsidence and relative sea-level rise (Dahl, 2011). A small percentage is
attributed to discrete anthropogenic actions (Dahl and Stedman, 2013).

Figure 4-8. Coastal Watersheds of the Upper Gulf of Mexico Showing the Magnitude of Saltwater
(intertidal) Wetland Loss to Open Water, 2004 to 2009 (from Dahl and Stedman, 2013).

An estimated 3.9 million ac (1.6 ha) of wetlands existed on the Texas coast in 1992.
Approximately 210,600 ac (85,227 ha) had been lost since 1955. Approximately 1.7 million ac
(687,966 ha) or 52 percent of the freshwater wetlands were classified as farmed wetlands. The
greatest losses were of freshwater emergent and forested wetlands (Moulton et al.,, 1997). The
major cause was faulting and land subsidence due to the withdrawal of underground water and oil
and gas (onshore), which has resulted in the submergence of marshes (Moulton et al., 1997).

Coastal Louisiana, which contains about 37 percent of the estuarine herbaceous marshes in
the conterminous U.S. and which supports the largest commercial fishery in the lower 48 States
(Chapter 4.10), currently accounts for about 90 percent of the total coastal wetland loss in the
continental U.S. (Couvillion et al., 2011). Coastal Louisiana has undergone a net change in land
area of about -1,883 mi? (-4,877 km?) from 1932 to 2010. Ninety-five percent of this loss is due to
continual loss of land through subsidence, saltwater intrusion, and other factors. The wetland loss
rate for Louisiana has slowed from 42 mi’/yr (27,000 ac/yr) during the late 1960’s to a rate of
16.57 mi? (43 km?) per year from 1985 to 2010 (Couvillion et al., 2011). Separating the causes of
such land loss is difficult, but one study estimated that the total of direct and indirect impacts from
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OCS oil- and gas-related activities from 1955 to 1978 accounted for 21,863-49,884 ha
(54,024-123,266 ac) or 8-17 percent of Louisiana’s total wetland loss (Turner and Cahoon, 1987).

In 1999, Mississippi had approximately 64,000 ac (25,900 ha) of vegetated coastal wetlands
(State of Mississippi, Department of Marine Resources, 1999). Estuarine wetlands are common in
Mississippi and include marshes, mud flats, and forested wetlands. The estuarine marshes around
Mississippi Sound and associated bays occur in discontinuous bands. The most extensive coastal
wetland areas in Mississippi occur in the eastern Pearl River delta near the Louisiana/Mississippi
border and in the Pascagoula River delta area near the Mississippi/Alabama border. Mississippi’s
wetlands seem to be more stable than those in Louisiana and Alabama (State of Mississippi,
Department of Marine Resources, 1999; Wallace, 1996; Couvillion et al.,, 2011). Urban and
suburban growth are suggested as the greatest contributors to direct coastal wetland loss in
Mississippi and Alabama.

Alabama has approximately 118,000 ac (47,753 ha) of coastal wetlands. Between 1955 and
1979, 69 percent of the freshwater marsh and 29 percent of the estuarine marsh were lost (Wallace,
1996). Most coastal wetlands in Alabama occur on the Mobile River Delta or along the northern
Mississippi Sound. Both Mississippi and Alabama have estuarine intertidal emergent habitats that
include salt marsh, as well as intertidal forested/shrub that can include mangroves and other salt-
tolerant shrubs. Urban and suburban growths are suggested as the greatest contributors to direct
coastal wetland loss in Mississippi and Alabama.

Florida wetlands, at one time estimated to encompass over 20 million ac (8.1 million ha),
have been converted through draining, dredging, filling, and flooding, until by 1996, approximately
11.4 million ac (4.6 million ha) remained (Dahl, 2005). Wetland loss rates in Florida, as high as
72,000 ac (29,137 ha) per year from the mid-1950’s to the mid-1970’s, declined by nearly 80 percent
to 5,000 ac (2,023 ha) per year between 1985 and 1996. This decline was due largely to increased
regulation and elimination of incentives for wetland drainage. Public education, protection programs,
and policies that promoted wetland restoration and creation also contributed (Dahl, 2005).

Florida’s salt marshes are most abundant on its central and northern coastlines (Mitsch and
Gosselink, 2000). They are dominant along the Big Bend area of the Gulf Coast in low-energy
shorelines, sands, lagoons, and bays. Florida’s coastal zone contained approximately 21 percent of
the estuarine and marine wetlands of the conterminous U.S. and 92 percent of estuarine shrub
wetlands in 1996.

Coastal wetlands and barrier islands are complex systems that provide many important
functions. One of these functions is as a front line of defense against storm surge. High organic
productivity and efficient nutrient recycling are characteristic of coastal wetlands. These wetland
corridors provide habitat for a great number and wide diversity of resident plants, invertebrates,
fishes, reptiles, birds, and mammals. Marsh environments are particularly important nursery
grounds for many economically important fish and shellfish juveniles. The marsh edge, where
marsh and open water come together, is particularly important for its higher productivity and greater
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concentrations of organisms. Emergent plants produce the bulk of the energy that supports salt-
marsh dependent animals.

The intensity and frequency of hurricanes in the GOM in recent years has greatly impacted
the system of protective barrier islands, beaches, and dunes and associated wetlands along the Gulf
Coast. Gulf shorelines have lost existing beach dunes and have experienced a decrease in beach
ridge elevations, and barrier islands and wetlands have lost acreage to wave erosion due to
hurricanes. As a result of decreased dune and barrier island elevations, as well as associated
marshes and backshore and foreshore wetlands, the inland coasts and wetlands are more
vulnerable to future hurricanes and wind-driven tidal or storm events.

The Deepwater Horizon oil spill was the largest spill ever recorded in the GOM and resulted
in the oiling of an extensive portion of the northern Gulf Coast shoreline from Texas to northwest
Florida (Florida Panhandle) (OSAT-2, 2011). Oil from the Deepwater Horizon explosion and oil spill
was documented to have stranded on approximately 687 mi (1,105 km) of marsh shoreline (Nixon
et al., 2016). In most areas, the oil stranded along the marsh edge, usually spreading into the marsh
no more than about 33-49 ft (10-15 m) perpendicular to the shoreline. In the areas of heaviest oiling,
the width of the impacted area was 56.4 ft (17.1 m). Cleanup activities were conducted on
8.9 percent of the affected marsh (Michel et al., 2013a; Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). Various cleanup techniques were employed, but as of 2012,
recovery was not complete and negative effects were ongoing (Zengel et al., 2015).

4.3.1.1.2 Submerged Aquatic Vegetation

Submerged aquatic vegetation can be defined as the collection of benthic plants that settle
and grow in the marine and estuarine waters but that do not emerge from it. Distribution and
composition of the species present depend on an interrelationship among a number of
environmental factors, including water temperature, depth, turbidity, salinity, turbulence, and
substrate suitability (Kemp, 1989; Onuf, 1996; Short et al., 2001). In high salinity waters, submerged
aquatic vegetation are marine seagrasses that generally occur in relatively shallow and clear
protected waters with substrates firm enough to enable colonization (Short et al., 2001). For
estuarine waters with low salinity, submerged aquatic vegetation may include several species of
vegetation typically considered to be freshwater species but are tolerant of low levels of salinity
(Castellanos and Rozas, 2001). In the higher salinity waters of the GOM, there are five true
seagrass species and one similar species, although not technically a true seagrass (Zieman, 1982;
Short et al., 2001; Berns, 2003; Handley et al., 2007; Cho and May, 2008). Where salinity is lower,
there are four genera that routinely comprise the community (Castellanos and Rozas, 2001; Cho and
May, 2008). Submerged vegetative habitats are important in carbon sequestration, nutrient cycling,
and sediment stabilization (Heck et al., 2003; Duarte et al., 2005; Orth et al., 2006; Frankovich et al.,
2011). Submerged vegetation functions as an important habitat for many species by providing
protection from predation. It also provides food resources for associated infaunal species, nekton,
and other megaherbivores and over wintering waterfowl (Rozas and Odum, 1988; Rooker et al.,
1998; Castellanos and Rozas, 2001; Heck et al., 2003; Orth et al., 2006; Maiaro, 2007). One of the
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more important functions of submerged aquatic vegetation systems is the transfer of primary
production from epiphytic algae into the ecosystem via grazing of those epiphytes by secondary
consumers; however, without grazers, excessive epiphyte growth can become a hindrance to growth
(Howard and Short, 1986; Bologna and Heck, 1999; Heck et al., 2006).

According to the most recent and comprehensive data available, approximately
1.25 million ac (500,000 ha) of seagrass beds are estimated to exist in exposed, shallow
coastal/nearshore waters and embayments of the GOM; over 80 percent of these beds are in Florida
Bay and Florida coastal waters (calculated from Handley et al., 2007). In the northern GOM from
south Texas to Mobile Bay, seagrasses occur in relatively small beds behind barrier islands in bays,
lagoons, and coastal waters (Figure 4-9), while freshwater submerged aquatic vegetation occurs in
the upper regions of estuaries and rivers (Onuf, 1996; Castellanos and Rozas, 2001; Handley et al.,
2007). Increased nutrients and sediments from natural (e.g., tropical cyclones) or anthropogenic
events (e.g., nutrient loading, sedimentation, and declining water quality) are common and are a
significant cause of seagrass declines worldwide (Orth et al., 2006; Carlson and Madley, 2007;
Waycott et al., 2009). The USGS’s Seagrass Status and Trends in the Northern Gulf of Mexico:
1940-2002 demonstrated a decrease of seagrass coverage across the northern Gulf of Mexico from
the bays of Texas to the Gulf shores of Florida; this loss was from approximately 1.02 million ha
(2.52 million ac) estimated in 1992 to approximately 500,000 ha (1.25 million ac) calculated in the
2002 report (Handley et al., 2007). While declines have been documented for different species in
different areas, it is difficult to estimate rates of decrease because of the fluctuation of biomass
among the different species seasonally and yearly.

Figure 4-9.  Seagrass Locations of the Northern Gulf of Mexico.

These coastal habitats also play an important role to ESA-listed species; BOEM consults on
these species with FWS and NMFS. These species include nearshore fishes, sea turtles, beach
mice, and birds; to read about the protected species that use these habitats, refer to Chapters 4.7
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(Fish and Invertebrate Resources), 4.9.2 (Sea Turtles), 4.9.3 (Beach Mice), and 4.9.4 (Protected
Birds).

4.3.1.2 Environmental Consequences
4.3.1.2.1 Routine Activities

Impact-producing factors and scenarios for routine operations can be found in Chapter 3.1.
In this chapter, consideration is given to impacts to coastal wetlands, marshes, and submerged
aquatic vegetation from routine activities associated with a proposed lease sale. The primary
impact-producing factors associated with a proposed lease sale that could affect wetlands and
marshes include pipeline emplacement, construction, and maintenance; navigation channel use
(vessel traffic) and maintenance dredging; disposal of OCS oil- and gas-related wastes; and use and
construction of support infrastructure in these coastal areas.

Pipeline Emplacement

Many existing OCS pipelines make landfall on barrier island and wetland shorelines
(Chapter 3.1.3.3.1). Approximately 4,971 mi (8,000 km) of OCS oil- and gas-related pipelines cross
marsh and upland habitat in Louisiana (USDOI, MMS, 2007c). Wetlands protect pipelines from
waves and help to keep the lines buried and in place. At least two studies have shown a connection
between land loss and existing pipelines. One study indicated that existing pipelines have caused
direct land loss averaging 6 ac (2.43 ha) per linear km of pipeline for the 1955-1978 time period
(Bauman and Turner, 1990). Bauman and Turner (1990) also indicated that the widening of OCS
pipeline canals does not appear to be an important factor for total net wetland loss in the coastal
zone because few pipeline canals are open to navigation. In contrast, Johnston et al. (2009) found
that land loss was consistently higher in the vicinity of pipelines compared with more general,
regional trends of land loss, suggesting that they contributed to the loss.

Modern pipeline construction typically employs horizontal, directional (trenchless) drilling
techniques and open-water routes to the extent possible to avoid damages to estuarine systems
(i.e., emergent wetlands and submerged vegetation beds) and beaches. Similar features are now
commonly required to minimize any impacts from pipeline landfalls. Currently, no new construction
of flotation canals (the most harmful construction technique) is being allowed in vegetated areas
(Johnston et al., 2009). There is only 0-1 pipeline landfalls projected to result from a proposed
action. About 12-20 ac (5-8 ha) of land loss for the projected 1.2 mi (2 km) of pipeline (based on
historic loss rates) are expected from a proposed action. This represents approximately
0.19 percent of the total land loss estimated to occur along the Louisiana coast in 1 year (Couvillion
et al.,, 2011). This estimate does not take into account mitigating measures from the present
regulatory programs of Federal or State agencies, modern installation techniques, and the Federal
“no net loss” policy. These programs and techniques include compensatory mitigations and less
destructive construction methods among others. Because of the regulations and new construction
methods, and the limited projection for, at most, one new pipeline landfall, pipeline emplacement
would be expected to result in zero to negligible impacts to estuarine habitats.
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Five pipeline installation techniques are used throughout the coastal zone of the Gulf of
Mexico: upland trenching; jetting; building flotation canals; push-pull ditching; and directional drilling.
Of these, flotation canals have the most harmful effects. Push-pull ditching can also be used to
effectively minimize wetland impacts when postconstruction mitigation methods such as backfilling
are used (Johnston et al.,, 2009). Trenchless, or directional drilling, is the newest and favored
technique in sensitive habitats. This technique is considered to be extremely protective of sensitive
habitats. At present, directional drilling is required almost without exception for crossing barrier
island and shore faces. Impacts are limited to the access and staging sites for the equipment. By
using directional drilling, pipeline installation can occur without having to cut through shore facings,
minimizing any erosion and surface habitat disturbance.

Because of the modern installation techniques and mitigations, the small number of
projected pipeline landfalls, and the present regulatory programs of the COE and the Gulf Coast
States, impacts to wetlands and other estuarine areas from pipeline emplacement associated with a
proposed lease sale are expected to be negligible.

Dredging

Maintenance dredging of navigation channels and canals is expected to occur with minimal
impacts to wetlands. It is assumed that the need for maintenance dredging is proportional to the
percentage of the vessel traffic; therefore, a proposed lease sale is expected to only contribute
minimally to the need for this dredging, accounting for less than 2 percent, of all traffic using
navigation channels in the GOM (Chapter 3.1.3.3.4; Tables 3-2 and 3-7). Thus, vessel traffic
related to a proposed action is only a small portion of the traffic that would require maintenance
dredging of channels. However, occasionally a channel would be dredged ahead of its normal
maintenance schedule in order to accommodate the transport of large OCS platforms.

Beneficial use of dredged material can be used to enhance and create coastal wetlands after
material has been tested for the presence of contaminants. The COE’s New Orleans District
annually removes approximately 46-53 million m® (60-70 million yd®) of dredged material from
10 Federal navigation channels throughout coastal Louisiana, and approximately 26 percent of this
material is used for coastal wetland restoration projects (Creef, official communication, 2011). As a
result of the tremendous wetlands land loss in the Louisiana coastal region, the beneficial use of
dredged material is expected to increase. Executive Order 11990 (1977) requires that, where
appropriate, material from maintenance dredging be considered for use as a sediment supplement in
deteriorating wetland areas to enhance and increase wetland acreage. Given the COE's policy of
beneficial use of dredged material, increased emphasis has been placed on the use of dredged
material for marsh creation.

Despite the beneficial uses described above, dredging and dredged-material disposal can
also be detrimental to coastal environments and associated fish and wildlife that use the affected
areas for nursery grounds and protection. These impacts may include increased erosion rates,
removal of sediments, increased turbidity, and changes in salinity (Onuf, 1996; Kenworthy and
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Fonseca, 1996; Erftemeijer and Lewis, 2006). Many of these impacts are reduced through the use
of modern disposal practices.

Because of the mitigations and regulations connected with coastal dredging operations, the
impacts outlined above are expected to only occur in localized areas over a short amount of time;
therefore, the overall level of impact to coastal communities is minor. Due to the small contribution
of a proposed action to the need for dredging, impacts to coastal habitats from a proposed action are
expected to be negligible to minor.

Navigation Channels and Vessel Traffic

Most navigation channels projected to be used to support a proposed action are currently
used by vessels that support the OCS Program (Chapter 3.1.3.3.4; Table 3-7). BOEM
conservatively estimates that there are approximately 3,013 mi (4,850 km) of Federal navigation
channels, bayous, and rivers potentially exposed to OCS oil- and gas-related traffic (Table 3-7) in
the GOM. Of that total, approximately 1,988 mi (3,200 km) of existing OCS oil- and gas-related
navigation canals, bayous, and rivers pass through wetlands, as opposed to passing through large
bays, sounds, and lagoons. No new navigation channels are expected as a result of a proposed
action, although channels within ports may be created or enlarged. Ports that have navigation
channels deep enough to accommodate deeper-draft vessels may expand their infrastructure for
better accommodation. An example of a significant expansion of a service base is Port Fourchon in
coastal Louisiana. Port Fourchon has deepened the existing channel and has dredged additional
new channels to facilitate the expansion. Port Fourchon currently services approximately 90 percent
of all deepwater rigs and platforms in the GOM (Loren C. Scott and Associates, 2008), and
approximately half of all offshore service vessel trips from 2012 through 2017 are expected to
emanate from there (Kaiser, 2015b).

Vessel traffic that may support a proposed action is discussed in Chapter 3.1.4.3. Waves
generated by boats, ships, barges, and other vessels erode unprotected shorelines and accelerate
erosion in areas already affected by natural erosion processes. Much of the service-vessel traffic
that is a necessary component of OCS oil- and gas-related activities uses the channels and canals
along the Louisiana coast. The most heavily used OCS navigation channel is the channel from Port
Fourchon to the GOM, which is heavily armored and is less erodible. However, some of this traffic
may also use Bayou Lafourche from Leeville to Port Fourchon, which is not armored. Recent
studies have found that armored canals have reduced loss rates compared with unarmored canals
(Johnston et al., 2009; Thatcher et al., 2011) and that widening rates have slowed based on
maintenance techniques. A recent BOEM and USGS-funded study (Thatcher et al., 2011) examined
the susceptibility to erosion of navigation channels based on cover and substrate. They found that
canal erosion rates have slowed in recent years. Indirect impacts from wake erosion and saltwater
intrusion are expected to result in minor impacts, which are indistinguishable from direct impacts
from inshore activities.
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A proposed action is estimated to contribute <2 percent of the total traffic from 2017 through
2066. Further details concerning vessel traffic can be found in Chapter 3.1.4.3. Navigation
channels projected to be used in support of a proposed action are discussed in Chapter 3.1.3.3.4.
According to BOEM'’s calculations, all estimated navigational use (both OCS and other) is expected
to contribute approximately 336 ha/yr (831 ac/yr) of land loss per year. A proposed action accounts
for a relatively small percentage of vessel traffic, and ongoing armoring and regular maintenance
along the waterways tends to reduce erosion. However, BOEM'’s estimates of land loss due to a
proposed action range from 28 to 350 ha (~70 to 860 ac) over 70 years. Therefore, minor to
moderate impacts related to the vessel traffic would result from a proposed action.

Disposal of OCS-Related Wastes

Produced sands, oil-based or synthetic-based drilling muds and cuttings, along with fluids
from well treatment, workover, and completion activities, would be transported to shore for disposal
(Chapter 3.1.5). Sufficient disposal capacity is expected to be available in support of a proposed
action (Chapter 3.1.7.2.6). Produced-water discharges from OCS wells would be too distant from
coastal habitats to have anything more than negligible impacts. Because of wetland-protection
regulations, no new waste disposal sites are expected to be developed in wetlands. Some seepage
or discharges from existing waste sites into adjacent wetland areas may occur and toxic wastes
could kill wetland plants, but such seepage resulting from a proposed action is expected to be
negligible.

Onshore Facilities

Various kinds of onshore facilities service OCS development. All projected new facilities that
are attributed to the OCS Program and a proposed action are described in Chapter 3.1.7. State and
Federal permitting agencies discourage the placement of new facilities and the expansion of existing
facilities in wetlands. However, any large construction project in the coastal zone is likely to impact
some wetland acreage. Any impacts upon wetlands are mitigated in accordance with the Clean
Water Act requirements and the COE’s 404 permit and State permitting programs. The high cost of
wetland mitigation discourages industry from causing damage to wetlands when building onshore
facilities. Since no new facilities are estimated with a proposed action and any possible impacts
would be mitigated, the impact level from the associated factors discussed above would be
negligible.

4.3.1.2.2 Accidental Events

A detailed description of the impact-producing factors and scenario for accidental events
from a proposed action are given in Chapter 3.2. There is also a risk analysis of oil spills in Chapter
3.2.1. The main impact-producing factors that would affect wetlands are oil spills. Chemical spills
could also potentially affect wetlands, but they are rare (Table 3-21).

Both coastal and offshore oil spills can be caused by large tropical storm events, faulty
equipment, or human error. The degree of coastal impact is a function of many factors, including the
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source oil type, volume, and condition of the oil as it reaches shore, along with the season of the spill
and the composition of the wetland plant community affected. Barrier island loss due to hurricanes
and anthropogenic factors has reduced protection of wetlands from offshore oil spills, and thus, there
is a greater potential for the oiling of coastal wetlands during an accidental event. Refer to the
Catastrophic Spill Event Analysis white paper for an analysis of impacts from a low-probability
catastrophic spill event (USDOI, BOEM, 2017).

Primary Impacts of Oil Spills

The geopraphic distribution of OCS oil- and gas-related activity reduces the probability of
unweathered oil reaching coastal wetlands. The OCS production facilities are located at least 3 nmi
(3.5 mi; 5.6 km) from coastal wetlands, and much of the OCS oil- and gas-related activity is much
farther. Recent trends towards drilling in deeper water have increased the proportion of OCS
oil- and gas-related activity in distant locations, many of which are well over 100 nmi (115 mi;
185 km) offshore. This allows for the toxicity of spilled oil from offshore to be greatly reduced or
eliminated by weathering and biodegradation (OSAT-2, 2011).

Coastal Spills

The greatest threat to estuarine habitat with regards to an oil spill is from a coastal spill
resulting from a vessel accident or pipeline rupture. These spills are a concern since they would be
much closer to the estuarine resources. Resulting contact would likely be greater, and toxicity would
tend to be greater due to reduced weathering of the oil. While a resulting slick may cause impacts to
estuarine habitat, the cleanup effort (i.e., equipment, chemicals, and personnel) can generate
additional impacts to the area. Associated foot and vehicular traffic may work oil farther into the
sediment than would otherwise occur. Further, physical prevention methods such as booms, barrier
berms, and diversions can alter hydrology, specifically changing salinity and water clarity. These
changes could cause mortality or reduced productivity in certain species of submerged vegetation
because they are only tolerant to certain salinities and light levels (Zieman et al., 1984; Kenworthy
and Fonesca, 1996; Frazer et al., 2006). Close monitoring and restrictions on the use of bottom-
disturbing equipment would be needed to avoid or minimize those impacts.

Numerous investigators have studied the immediate impacts of oil spills on GOM coastal
habitats and elsewhere. Often, seemingly contradictory conclusions are generated from these
impact assessments. These contradictions can be explained by differences in parameters, including
oil concentrations and chemical composition, season or weather, vegetation type and density,
whether the area is in a low- or high-energy environment, preexisting stress level on the vegetation,
soil types, anoxic condition of the soil, and water levels. Data indicate that vegetation that is lightly
oiled would experience plant die-back, followed by recovery without replanting; therefore, most
impacts from light oiling to vegetation are considered to be short term and reversible (Lytle, 1975;
DelLaune et al., 1979; Webb et al., 1985). However, Alexander and Webb (1987) noted erosion of
the shoreline in areas affected with high oil content and Fischel et al. (1989) found that, while some
oiled marsh areas showed recovery of vegetation a year after a spill, other areas had converted to
mud flats or open water.
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Oil has been found or estimated to persist for at least 17-20 years in low-energy
environments like salt marshes (Teal et al., 1992; Baker et al., 1993; Burns et al., 1993; Irvine,
2000). If thick oil is deposited on marsh in low-energy environments, effects on marsh vegetation
can be severe and recovery can take decades (Baca et al., 1987; Baker et al., 1993). The sediment
type, the anoxic condition of the soils, and whether the area is in a low- or high-energy environment
all play a part in the persistence of oil in marsh sediment (Teal and Howarth, 1984), so different
shorelines exhibit varying levels of oil persistence (Hayes et al., 1980; Irvine, 2000). Oil is more
persistent in anoxic sediments and, as a result of this longer residence time, has the potential to do
damage to both marsh vegetation and associated benthic species. Batubara et al. (2014) found that
PAH degradation is higher in intertidal than in subtidal wetland soils. For submerged vegetation the
same is true, and oil can cause decreased water clarity from coating, and shading could cause
reduced chlorophyll production and could lead to a decrease in vegetation (Erftemeijer and Lewis,
2006).

Cleanup activities in marshes that can last years to decades following a spill may accelerate
erosion rates and retard recovery rates. While oil can completely foul wetland plants, it is the
amount and type of oil, as well as the particular plant that determines recovery. Pezeshki et al.
(2000) found that Louisiana crude oil was less damaging and fatal to Spartina alterniflora marsh
grass than the heavier crudes. Heavy oiling can stop photosynthetic activity, but the S. alterniflora
produced additional leaves and was able to recover without shoreline cleanup. Except in areas of
heavy oiling, it is better to let wetland areas recover naturally (Zengel et al., 2014).

Numerous studies have demonstrated that different species of plants respond differently to
oiling. Lin and Mendelssohn (1996) found that Louisiana crude oil applied to three species of marsh
plants resulted in no regrowth after 1 year in applications for Spartina alterniflora and S. patens, but
resulted in increased regrowth with increased oil application for Sagittaria lancifolia. Kokaly et al.
(2011) found that, where the predominant marsh grass is tall (Phragmites australis) and less
susceptible to being completely oiled, damage is minimized. Judy et al. (2014) also found high
tolerance of P. australis to weathered and emulsified oil. Coastal marshes impacted by crude oil
were observed to show evidence of recovery within 1 year after oil was stranded and covered
vegetation, with shoot production observed in heavily oiled areas, although depending on vegetation
type, the amount of recovery varied (Delaune and Wright, 2011). When a spill contacts wetlands,
one impact from the resulting depletion of marsh vegetation is increased and accelerated erosion,
and resulting land loss (Alexander and Webb, 1987). Other studies documented increased erosion
at highly oiled sites 26 months after a spill (McClenachan et al., 2013), and oiled islands were found
to have greatly increased the rates of erosion, which were 200 percent of the rates of unoiled islands
for the first 2.5 years after the oiling (Turner et al., 2016).

Some OCS oil- and gas-related pipelines traverse wetland areas, and pipeline accidents
could result in high concentrations of oil directly contacting localized areas of wetland habitats
(Fischel et al., 1989). In a study of a coastal pipeline break by Mendelssohn et al. (1993), a 300-bbl
spill of Louisiana crude oil impacted 49 ac (20 ha) of wetlands, resulting in considerable short-term
effects on the brackish marsh community. While considerable die out of the marsh was noted,
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recovery of the marsh was complete within 5 years despite the residual hydrocarbons that were
found in the marsh sediment. The study also noted that the health of the recolonizing vegetation
was not significantly different from the health of vegetation found in the areas that were not oiled.
Patterns of land loss were spatially variable, but the rate of loss in the oiled areas was similar to that
of the unaffected areas (Mendelssohn et al., 1993).

BOEM'’s analysis shows that 96 percent of reasonably foreseeable spills from OCS oil-and
gas-related activity are <1 bbl, with an average size of <0.05 bbl (Anderson et al., 2012). Because
of the small contribution to all such spills from a proposed action, the small size of most spills, and
with current safety measures and cleanup guidance in place, the impacts from the impact-producing
factors of a coastal spill are expected to be minor for estuarine communities.

Offshore Spills

The probabilities of an offshore spill 21,000 bbl occurring and contacting environmental
features are described in Chapter 3.2.1.4.8. In addition, the results of a risk analysis estimating the
likelihood of a spill <1,000 bbl occurring and contacting environmental resources (including
wetlands) can be found in Chapter 3.2.1.6.2. Most spills from the OCS are likely to be distant
enough that, should a slick from such a spill make landfall, the volume of oil remaining in the slick is
expected to be small. This is because the distance of the spill to the coast allows oil to evaporate,
break down, and disperse. Also, due to the tidal flushing on the coast, a slick would be broken down
further. However, should spills from the OCS occur proximate to State waters, they could reach
shore before much weathering, evaporation, or dispersal had occurred. The probabilities of oil spills
21,000 bbl occurring and contacting coastal shorelines varies by location, with the highest probability
as a result of a proposed action estimated at 8 percent for one location; for most locations, it was
<0.5-1 percent (Figure E-20).

Because of the small contribution to all such spills from a proposed action, the distance from
coastal communities, improved technologies, and the dynamic nature of the coastal environment,
offshore spills are expected to have a minor impact on the estuarine community.

Spills that occur in or near Chandeleur Sound or Mississippi Sound could affect estuarine
habitat in the Gulf Islands National Seashore (135,458 ac; 545,818 ha), including its Wilderness
Area (4,080 ac; 1,651 ha), and the Breton National Wildlife Refuge (18,273 ac; 7,395 ha) with its
Wilderness Area (5,000 ac; 2,023 ha). Although the wetland acreage on these islands is small, the
wetlands and associated communities make up an important element in the habitat of the islands.
The inlets that connect Mississippi Sound with the marsh-fringed estuaries and lagoons within the
islands are narrow; therefore, a small percentage of the oil that contacts the Sound side of the
islands would be carried by the tides into interior lagoons.

Secondary Impacts of Oil Spills

The short-term effects of oil on wetland plants range from reduction in transpiration and
carbon fixation to plant mortality. Depending on the type and quantity of oil in the sediment,
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mineralization of nutrients can be blocked so that there is less nutrient uptake from the soils. The
potential impact of the oiling on the wetland habitats is dependent on several factors, including
season. In general, most wetland plants are more susceptible to impacts from oiling during the
growing season. Heavy oil causes mortality by coating gas exchange surfaces on the plants and by
sealing sediment, which limits nutrient exchange to below-ground tissue. Light weight oils have
been found to be more toxic to various marsh plants and associated organisms because the oil
alters membrane permeability and disrupts metabolism (Pezeshki et al., 2000). Due to the
difference in oil tolerances of various wetland plants, changes in species composition may be
evident as a secondary impact of the spill (Pezeshki et al., 2000). Studies indicated that some
dominant freshwater marsh species (Sagittaria lancifolia) are tolerant to oil fouling and may recover
without being cleaned (Lin and Mendelssohn, 1996). Secondary impacts can also include impacts
caused by cleanup activities, as discussed below. Because these secondary impacts would not
noticeably affect GOM coastal plant communities as a whole, impacts are expected to be minor.

Cleanup Activities

Current methods to clean up oil spills include mechanical removal, in-situ burning, and
bioremediation (refer to Chapter 3.2.8 for more information). Generally speaking, unless the oiling
is extremely heavy, the best approach has been to avoid measures that would further drive oil into
the sediment (e.g., vessel and foot traffic) or damage vegetation. Often that means it is best to do
nothing and let nature take its course. Oil spill cleanup in coastal marshes remains a problematic
issue because wetlands and submerged vegetation can be extremely sensitive to the disturbances
associated with cleanup activities. Once a marsh is impacted by an oil spill, a decision must be
made concerning the best method of clean up and restoration. Often the best course of action is to
let the impacted area(s) recover naturally in order to avoid secondary impacts associated with the
cleanup process, such as trampling vegetation, accelerating erosion, and burying oil (Zengel and
Michel, 2013; Long and Vandermeulen, 1983: Getter et al., 1984; Mendelssohn et al., 1993). In
areas of thick oil deposits, however, a cleanup effort would result in greater recovery (Baker et al.,
1993). Because oil spills that require cleanup can have noticeable but localized impacts, cleanup
activities are expected to have a minor effect on the estuarine community.

Trash and Debris

Trash and debris can be an issue for estuarine communities in that the fauna in these areas
could ingest or become entangled in the trash and debris. BOEM and BSEE have addressed the
marine debris issue by imposing marine debris awareness and prevention measures on the oil and
gas industry through NTL 2015-BSEE-GO03, which provides guidance to the industry operators
regarding dumping trash and debris into the marine environment and informs operators of
regulations set by other regulatory agencies (i.e., USEPA and USCG). Because of the mitigations
and awareness, OCS oil- and gas-related trash and debris from a proposed action would result in
negligible impacts to estuarine habitat.
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4.3.1.2.3 Cumulative Impacts

Estuarine habitats are wvulnerable to many impact-producing factors from OCS oil- and
gas-related and non-OCS oil- and gas-related impacts. Specific OCS oil- and gas-related,
impact-producing factors considered in this cumulative analysis include the following: (1) oil spills;
(2) OCS oil- and gas-related vessel traffic and navigation canals; (3) construction of OCS oil- and
gas-related infrastructure and support structure (including pipelines); and (4) waste disposal.
Non-OCS oil and gas-related, impact-producing factors would potentially impact wetland resources,
including the following: (1) State oil and gas activities; (2) non-OCS oil- and gas-related vessel
traffic and navigation canals; (3) coastal infrastructure and development; (4) natural processes
(including hurricanes and subsidence); and (5) sea-level rise (natural causes of subsidence are
combined with subsidence caused by extraction and other man made alterations). While each of
these factors can cause negative impacts to wetlands, a proposed action would not greatly increase
the overall impacts.

OCS Oil- and Gas-Related Impacts
Oil Spills

The potential for coastal oil spills poses a threat for coastal habitats due to the proximity of
the spills to these vegetated areas. Aging infrastructure including refineries, onshore production
facilities, platforms, and pipelines would continue to be an increasing source of potential spills, but
future spills from these types of facilities would be less likely because these older facilities are
gradually either structurally updated or replaced by the owner/operator. The number and most likely
spill sizes to occur in coastal waters in the future are expected to resemble the patterns that have
occurred in the past (not including catastrophic spills), as long as the level of energy-related
commercial and recreational activities remains the same.

The Deepwater Horizon oil spill was the largest spill ever recorded in the GOM and resulted
in the oiling of an extensive portion of the northern Gulf Coast shoreline from Texas to northwest
Florida (Florida Panhandle) (OSAT-2, 2011). This event must be considered in the cumulative
baseline due to the volume of oil released and the geographic area affected. Oil from the Deepwater
Horizon explosion and oil spill was documented to have stranded on approximately 687 mi
(1,105 km) of marsh shoreline (Nixon et al., 2016). In most areas, the oil stranded along the marsh
edge, usually spreading into the marsh no more than about 33-49 ft (10-15 m) perpendicular to the
shoreline. In the areas of heaviest oiling, the width of the impacted area was 56.4 ft (17.1 m) (Michel
et al., 2013a; Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016).

The Trustees, in their recent PDARP/PEIS (Deepwater Horizon Natural Resource Damage
Assessment Trustees, 2016), documented reduced vegetative cover and vegetated (aboveground)
biomass, and an increase in marsh edge erosion as a result of the Deepwater Horizon oil spill. The
Deepwater Horizon oil spill resulted in increased rates of coastal erosion, and erosion rates
approximately doubled along at least 108 mi (174 km) of shoreline over at least 3 years. These
results are similar to the findings from the previous Deepwater Horizon studies summarized above.
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The Trustees’ PDARP/PEIS also documented injury to wetlands caused by spill response,
including the following:

e more than 497 mi (800 km) of boom was stranded in marshes, injuring vegetation
and birds;

e the removal of stranded boom also affected the wetlands, i.e., vegetation was
crushed by airboats, walking boards, foot traffic, and the dragging of the boom
across the wetland surface;

e the footprint of stranded boom totaled approximately 52 ac (21 ha; 0.08 mi® or
0.21 km?), which does not include the greater area of wetland swept by the boom
when it was moved by storm waves. (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016); and

e submerged aquatic vegetation habitats were lost from oiling and from physical
disturbance as part of response actions. Chandeleur Islands’ submerged aquatic
vegetation, which is uniquely valuable in the region, was particularly affected,
with more than 270 ac (109 ha) of seagrass destroyed. Injuries to submerged
aquatic vegetation habitats were also documented within the boundaries of the
Gulf Islands National Seashore and in Jean Lafitte National Historical Park and
Preserve (Deepwater Horizon Natural Resource Damage Assessment Trustees,
2016).

Cleanup activities were conducted on 8.9 percent of the affected marsh. The most heavily
oiled marshes in Barataria Bay, Louisiana, were cleaned using intensive manual and mechanical
raking and cutting methods (Michel et al., 2013a). This oil and the associated cleanup activities
have impacted wetlands in Louisiana, Mississippi, Alabama, and the panhandle of Florida. While
there were localized severe impacts to wetlands, many of the areas affected have recovered or
show a moderate level of impact. The oil was released and treated in deep water nearly 48 mi
(77 km) from shore. This contributed to the weathering and detoxification of the oil that reached the
shoreline. It is too early to determine the cumulative long-term effect of this spill and its contribution
to the ongoing marsh loss or the acceleration of that loss. New regulations focusing on improved
safety, more regulatory checks, and inspections should decrease the already small likelihood of the
occurrence of such spills, which are not part of a proposed action and not reasonably expected to
occur. Potential impacts as a result of a low-probability catastrophic event are discussed in the
Catastrophic Spill Event Analysis white paper (USDOI, BOEM, 2017).

Oil from offshore spills is less likely to reach the estuarine habitat in the same condition it
was released due to weathering, potential dispersant treatment, and blockage by barrier islands and
shorelines. However, erosion of these barriers by hurricanes and tropical storms has decreased the
level of protection afforded the mainland, so flood tides could bring oil through tidal inlets (USDOC,
NMFS, 2007a). For many spills, light oiling of vegetated wetlands may occur. Adverse impacts from
light oiling that may occur to wetland plants are expected to be short lived, with possible plant die-
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back, followed by recovery without replanting (Lytle, 1975; DelLaune et al., 1979; Webb et al., 1985).
However, spill data from the OCS show that, over decades of activity, tens of thousands of barrels of
oil have been spilled (Chapter 3.2.1.1.3), not including oil from the Deepwater Horizon oil spill.
Cumulative OCS oil- and-gas-related spills resulting from all past and present leasing activities are
estimated to have a major impact on the estuarine community. The incremental contribution of a
proposed action, however, to the impacts of cumulative OCS oil- and gas-related spills are expected
to be minor due to the small contribution to all such spills from a proposed action, the small size of
most spills, the distance from estuarine communities, improved technologies, and the dynamic
nature of the coastal environment.

Vessel Traffic

Navigation channels in the coastal areas of the GOM support both OCS oil- and gas-related
and non-OCS oil- and gas-related vessel traffic. Waves generated by boats, ships, barges, and
other vessels erode unprotected shorelines and accelerate erosion in areas already affected by the
natural erosion process. BOEM conservatively estimates that there are approximately 3,013 mi
(4,850 km) of Federal navigation channels, bayous, and rivers potentially exposed to OCS oil- and
gas-related traffic (Table 3-7) in the GOM. Conservative estimates show that land loss in Federal
navigation channels over the next 70 years from various activities (non-OCS oil- and gas-related and
OCS oil- and gas-related) could total approximately 58,000 ac (24,000 ha), while land loss from
cumulative OCS oil- and gas-related activities could total approximately 4,500-14,000 ac
(1,800-5,500 ha). Adjusted for the approximately 30 percent of channel length that is armored,
which greatly reduces erosion, this land loss could total approximately 3,100-9,500 ac
(1,300-3,900 ha). This number is considered conservative because open waterways were included
in the total length of Federal navigation channels, vessel size was not taken into consideration, and
there are sources of erosion to navigation canals other than vessel traffic alone. In addition,
approximately half of all offshore service vessel trips from 2017 through 2022 are expected to
originate from Port Fourchon, Louisiana (Kaiser, 2015b), and the channel from the Gulf to Port
Fourchon is mostly armored, reducing channel widening. If this reliance on Port Fourchon
continues, the land loss related to OCS channel use would be less than that estimated above.
However, as noted above, some of this traffic may also use Bayou Lafourche from Leeville to Port
Fourchon, which is not armored.

Coastal wetland loss is greatest in Louisiana. In the Louisiana Coastal Master Plan (State of
Louisiana, Coastal Protection and Restoration Authority, 2012), it is estimated that up to 1,750 mi?
(4,500 km?) of land would be lost in the next 50 years. Using BOEM’s conservative estimates of
waterways exposed to OCS traffic in the Louisiana Coastal Area (LCA) and the average canal
widening rate, and comparing those data to estimated land loss in Louisiana over the next 50 years,
BOEM estimates that approximately 3.7 percent of the total land loss in Louisiana would occur due
to saltwater intrusion, hurricanes, and vessel traffic (OCS oil- and gas-related and non-OCS oil- and
gas-related) in navigation canals. Because OCS oil- and gas-related vessel traffic constitutes only
9-27 percent of the total vessel traffic in the GOM, BOEM conservatively estimates that OCS oil- and
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gas-related vessel traffic could contribute approximately 1 percent or less of the land loss in coastal
Louisiana in the next 70 years.

The OCS oil- and gas-related vessel traffic associated with the increased number of offshore
platforms is expected to contribute minimally to the need for maintenance dredging activity of
navigation canals. The primary support, transfer, and production facilities used for OCS oil- and
gas-related activities are located along armored canals and waterways, thus minimizing marsh loss.
If new onshore transfer or production facilities would be constructed, access channels may have to
be dredged. In the foreseeable future, there would be a continuing need for dredged material for
coastal restoration, wetland creation, and to some extent, offshore sediments (e.g., sand, etc.)
needed for beach restoration and hurricane protection. Alternative dredged-material disposal
methods can be beneficially used for wetland creation or restoration as required by the COE'’s
permitting program.

A proposed action would result in a small incremental increase in cumulative impacts to
coastal wetlands associated with OCS oil- and gas-related vessel traffic, and these impacts are
offset by the benefits of wetland creation using dredged material from navigation channels.
However, due to the permanent loss of hundreds of acres of wetlands, impacts of a proposed action
are expected to be moderate.

Coastal Infrastructure and Pipelines

Projected new facilities that are attributed to the OCS Program and a proposed lease sale
would not be primarily in wetland areas, and no additional service bases, heliports, platform
fabrication yards, shipyards, pipe-coating facilities, or refineries are expected (Chapter 3.3.1.10).
State and Federal permitting agencies discourage the placement of new facilities or expansion of
existing facilities in wetlands. However, any sizable coastal facility may have construction impacts in
wetlands. Any localized impacts upon wetlands from existing facilities are expected to be mitigated
because of the Clean Water Act permitting requirements.

BOEM projects 0-1 new gas processing faciliies and 0-1 new pipeline landfalls for a
proposed action. A more detailed description of coastal infrastructure is provided in Chapter 4.14.1.
If a new facility is constructed and a pipeline makes landfall, any impacts upon wetlands would be
mitigated in accordance with the Clean Water Act requirements and the COE’s 404 permit and State
permitting programs. These mitigations and regulatory requirements, such as avoidance and
compensatory wetland mitigation, would result in negligible impacts to coastal habitats.

Several methods exist to further reduce the number of new pipeline landfalls and their
cumulative impact, e.g., the addition of corrosion preventatives to the pipeline itself (reducing the
probability of accidental leakage from aging pipelines), in combination with “tie ins” to existing
Federal or State pipelines with shore connections. While impacts are greatly reduced by mitigation
techniques, existing pipelines were placed using older techniques and have caused, and would
continue to cause, impacts to adjacent wetlands. Remaining impacts may include expansion of tidal
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influence, saltwater intrusion, hydrodynamic alterations, erosion, sediment transport, and habitat
conversion (Cox et al., 1997; Morton, 2003; Ko and Day, 2004b). Pipeline maintenance activities
that disturb wetlands are very infrequent and are mitigated through regulatory programs, including
review by the State of Louisiana through its coastal use permit requirements and through the Clean
Water Act Section 404 and Rivers and Harbors Act Section 10 permits.

The continued widening of OCS pipeline canals from erosion does not appear to be an
important factor contributing to OCS oil- and gas-related direct land loss. This is because few
pipelines are open to navigation and the impact width of these pipelines does not appear to be
significantly different from that for pipelines closed to navigation. Based on the projected coastal
Louisiana wetlands over 50 years (Couvillion et al., 2013), land loss resulting from new OCS pipeline
construction represents <1 percent of the total expected loss. This estimate does not take into
account the present regulatory programs and modern installation techniques that would be expected
to further mitigate this potential impact. Throughout the 50-year life of a proposed lease sale, a
majority of the already old pipeline distribution and production systems would continue to age. This
could result in an increasingly large inventory of pipelines and support structures that would need to
be replaced or repaired. The replacement and repair of the pipeline system may temporarily impact
wetlands in the pipeline corridors, as crews could trample wetland plants or access would have to be
dredged; however, if proper mitigation is implemented and maintained, impacts should be minimal
and temporary. In the absence of the replacement of these aging pipelines, the potential risk for
spills and leaks would increase in coastal and offshore waters. Because of the mitigations and
regulations connected with coastal operations, the impacts outlined above are expected to only
occur in localized areas over a short amount of time and, therefore, the overall level of impact to
estuarine communities is minor.

Waste Disposal

Discharge of OCS oil- and gas-related produced water is generally into offshore Gulf waters
in accordance with NPDES permits or injected back down into wells; therefore, produced waters
from the OCS are not expected to affect coastal wetlands (Chapter 3.3.1.8). Produced sands, oil-
based or synthetic-based drilling muds and cuttings, along with fluids from well treatment, workover,
and completion activities from OCS wells, would be transported to shore for disposal in existing
disposal facilities approved by the USEPA for handling these materials. Because of wetland-
protection regulations, no new waste disposal site would be developed in wetlands. Some seepage
from waste sites into adjacent wetland areas may occur and result in damage to wetland vegetation
ranging from sublethal effects to mortality, depending on the toxicity of the waste.

Trash and debris can potentially impact coastal estuarine communities in that the fauna in
these areas could ingest or become entangled in the trash and debris. BOEM and BSEE have
addressed the marine debris issue by imposing marine debris awareness and prevention measures
on the oil and gas industry through NTL 2015-BSEE-GO03, as noted above. Past and present OCS
oil- and gas-related activity has been the source of trash and debris that finds its way into coastal
areas, resulting in minor to moderate impacts to estuarine habitat. However, due to the small
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contribution of a proposed action to OCS oil- and gas-related activity, trash and debris from a
proposed action would result in negligible to minor impacts to estuarine habitat.

Non-OCS Oil- and Gas-Related Impacts
State Oil and Gas

Impacts are expected to occur as a result of oil spills, dredging for new pipeline canals,
maintenance, and usage of existing rig access canals and drill slips, and for the preparation of new
well sites related to State oil and gas activities (Chapter 3.3.2.1). Such activity has taken a
tremendous toll on coastal wetlands, particularly in Louisiana (Turner et al., 1994). Many pipelines
carry product from both OCS oil- and gas-related and non-OCS oil- and gas-related sources. The
impacts from these activities are generally the same as those described in the “Routine Activities,”
“Accidental Events,” and “OCS Oil- and Gas-Related Impacts” sections above, although these
impacts may be more pronounced due to the proximity of oil and gas activities on State lands to
wetlands. Another impact from State oil and gas activity is local subsidence. This subsidence may
be due to the extraction of large volumes of oil and gas, sulfur, and salt from subsurface reservoirs
(Morton, 2003; Morton et al., 2002 and 2005), but subsidence associated with this factor seems to
have slowed greatly over the last three decades as the reservoirs are depleted. Subsidence leads to
the drowning of marsh plants and conversion to open water. Because of the continued effects of the
extensive dredging of canals through coastal wetlands, impacts from State oil and gas activities are
expected to be major.

Vessel Traffic and Navigation Canals

Non-OCS oil- and gas-related vessel traffic in the GOM includes commercial shipping,
support for State oil and gas activities, commercial and recreational fishing vessels, pleasure
boating, and other types of traffic (Chapter 3.3.2.2). Waves generated by boats, ships, barges, and
other vessels erode unprotected shorelines and accelerate erosion in areas already affected by the
natural erosion process. In many cases, this erosion results in wetland loss. Submerged vegetation
communities can be damaged by boat anchors, keels, and propellers, and by activities such as
trampling, trawling, and State oil- and gas-related or scientific seismic surveys (Sargent et al., 1995;
Dunton et al., 1998). Navigation channels require routine maintenance dredging. Minor adverse
impacts on wetlands from maintenance dredging are expected because the large majority of the
material would be either used to enhance or create marsh, or disposed upon existing disposal areas.

Net land loss due to navigation canals alone can be calculated by comparing erosion rates
with beneficial activities such as land gained through the use of dredged sands; refer to the
estimates in “OCS Qil- and Gas-Related Impacts” section above.

Wetland losses may be generated by the secondary impacts of saltwater intrusion, flank
subsidence, freshwater-reservoir reduction, and deeper tidal penetration. Navigation channels
contribute to the negative impacts from saltwater intrusion (Gosselink et al., 1979; Wang, 1987).
Wang (1987) developed a model demonstrating that, under certain environmental conditions,
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saltwater penetrates farther inland in deep navigation channels than in shallower channels,
suggesting that navigation channels act as “salt pumps.” This change in salinity results in a
substantial habitat transition from freshwater to brackish water, then to saltwater, and ultimately to
open-water systems. An example is the construction of the Mississippi River Gulf Outlet, which
transformed many of the cypress swamps east of the Mississippi River below New Orleans into open
water or areas largely composed of marsh vegetation (Spartina spp.) among dead cypress tree
trunks. This channel was closed in 2009, and further saltwater intrusion through it has been
curtailed.

Onshore activity that would contribute to wetland loss includes additional construction of
access channels (for instance at fabrication yards) and onshore construction of new well sites and
the expansion or construction of onshore production facilities or receiving and transferring facilities.
Most of these facilities would be located in Louisiana. Management activities, including erosion
protection and restoration along the edges of these canals, can significantly reduce canal-widening
impacts on wetland loss (Johnston et al., 2009; Thatcher et al., 2011). Because of the large
contribution to total vessel traffic from non-OCS oil- and gas-related sources, the secondary impacts
of navigation canals, such as saltwater intrusion, and the continuing impacts of existing access
channels, the impacts from non-OCS oil- and gas-related vessel traffic and related activities are
expected to be major.

Coastal Infrastructure and Development

The development of estuarine habitat for agricultural, residential, industrial, commercial, and
silvicultural (forest expansion) uses (Chapter 4.14.1) would continue but with more regulatory and
planning constraints required under the Clean Water Act and other regulations. Impacts from these
developments, such as alteration to habitat or hydrology, are expected to continue as development
in coastal regions around the GOM continues.

Urban and rural development was an important factor in wetland loss in coastal watersheds
from 1998 through 2004 (Stedman and Dahl, 2008; Dahl and Stedman, 2013). Agricultural,
residential, industrial, and commercial developments, including recreational and tourist
developments, have been particularly destructive to coastal wetlands in the GOM by altering habitat
and hydrology, which can contribute to the loss of wetland ecosystems through mechanisms such as
the addition of pollutants, creating or widening channels, or physical removal of habitat. Indirect
effects of such development can include expansion of supporting infrastructure, including roads,
bridges, and utilities, with related impacts similar to those mentioned above.

Infrastructure that serves the transportation of foreign oil, such as oil ports, can have wetland
impacts to the extent that it is constructed on or adjacent to wetlands. The current regulatory
programs, modern construction techniques, and mitigations have reduced recent impacts to
wetlands from pipeline installation. The continued presence of existing pipelines can contribute to
wetland loss (Johnston et al., 2009). QOil spills caused by leaking or broken pipelines can also impact
wetlands.
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Existing regulations and development permitting procedures indicate that development-
related wetland loss may be slowed. Between 2004 and 2009, there were very few (<1%) estuarine
emergent losses attributed to discrete anthropogenic actions that fill or otherwise convert salt marsh
areas to uplands. This suggests that marine and estuarine vegetated wetlands (tidal salt marsh and
shrubs) have been afforded protection by various State and Federal coastal regulatory measures
(Dahl, 2011). Impacts are to some extent offset by coastal restoration programs. Examples of these
programs are the Coastal Impact Assistance Program (CIAP), the Coastal Wetlands Planning,
Protection, and Restoration Act (CWPPRA), and the Resources and Ecosystems Sustainability,
Tourist Opportunities and Revived Economies of the Gulf Coast States Act (RESTORE Act) (refer to
Chapter 3.3.2.8.3). Although development-related wetland loss may be slowed, cumulative impacts
of past development and related infrastructure are expected to be moderate.

Sea-Level Rise

There is increasing new evidence of the importance of the effect of sea-level rise (and marsh
subsidence) as it relates to the loss of marsh or changes in marshes, marsh types, and plant
diversity (Chapter 3.3.2.8.1; Spalding and Hester, 2007). Spalding and Hester (2007) show that the
very structure of coastal vegetative communities would likely be altered by sea-level rise because
community shifts would be governed by the responses of individual species to new environmental
conditions. This could change the vegetative make up of different estuarine habitats and, in turn,
could change faunal species presence.

Gulf Coast wetlands tend to occur at low elevations, often between 1 and 2 ft (0.3 and 0.6 m)
above sea level. For example, if current projections are realized and sea level increases by 3.5 ft
(1.1 m) in Galveston, Texas, by the year 2100 (USEPA, 2013a), most of Texas’' coastal wetlands
would be under water well before 2100. A more conservative estimate of sea-level rise, known as
the AR4 scenario, calls for an increase (globally) of 16 in (41 cm) by 2100 (NRC, 2010). Even this
rate of increase would be likely to drown large areas of Gulf Coast wetlands, especially when local,
relative sea-level rise is considered. Since 1870, global sea level has risen by about 8 in (20 cm)
(USEPA, 2013a). Even at current measured rates of relative sea-level rise, vast areas of Gulf
coastal wetlands can be expected to convert to open water as low-lying coastal marshes are
inundated (refer to Chapter 3.3.2.8.1). Impacts to coastal habitats are expected to be major due to
the large scale of wetland loss from sea-level rise.

Natural Processes

Along with increased human activities, hurricanes and tropical storms in the GOM have
greatly impacted coastal habitats (Chapter 3.3.2.9). Intense storms can erode all of the vegetation
and soil from some areas of marsh, leaving behind a body of water. An extreme example occurred
when hurricanes in 2005 resulted in land loss in Louisiana equivalent to approximately 42 percent of
the projected total land loss over the next 50 years (Barras et al.,, 2003; Barras, 2006). These
storms can also remove or bury submerged beds and the barriers that protect these beds from storm
surges. This could weaken the existing populations of local submerged vegetation. Seagrass beds
have been repeatedly damaged from hurricane overwash of barrier islands onto the beds. The
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presence of strong tropical storms is a routine background condition in the GOM that contributes to
cumulative impacts to wetlands. Natural subsidence has caused wetland loss through compaction
of Holocene strata (the rocks and deposits from 10,000 years ago to present). Stephens (2010) has
identified faulting mechanisms in coastal Louisiana that actually may be causing what appears as
subsidence. Refer to Chapter 3.3.2.8 for more information.

Whether it is from anthropogenic activities or a natural cycle, increased surface water temperature,
sea levels, and storm events have impacts on seagrass beds by adding stress (e.g., burial, salinity
changes, turbidity changes etc.) to this sensitive and already stressed ecosystem (Orth et al., 2006).
Impacts to estuarine habitats are expected to be major because of the large scale of wetland loss
from hurricanes and subsidence added to the ongoing stress these communities endure.

Mississippi River Hydromodification

With the construction of levees, dams, and other flood control structures along the
Mississippi River, some of the natural processes that built the coastal Louisiana delta have been
prevented, which has had serious impacts (Chapter 3.3.2.10). Benéeficially, the hydromodification
has allowed human settlement and development in coastal areas of Louisiana while also providing a
stable navigation channel. However, by channelizing the river, it is prevented from flooding and
distributing sediments that can build wetlands and counteract the effects of sea-level rise (Yuill et al.,
2009). When the Mississippi River floods, it brings nutrient-rich water and alluvial sediments to the
wetlands. The water would provide nutrients for wetland vegetation, thereby encouraging plant
growth. This growth can stabilize wetland sediments, which makes them less susceptible to erosion.
The water also prevents the sediments from drying out and compacting due to loss of pore water
and oxidation of organic material (Yuill et al., 2009). Sediment deposition in wetlands is vital for the
area to stave off sea-level rise. Without new sediments coming into the marsh, a major contributor
to vertical building processes is removed, and the wetlands become more at risk to being inundated
by rising sea levels (Yuill et al., 2009). The hydromodification of the Mississippi River has
exacerbated these issues by preventing the flooding of coastal wetlands in Louisiana, and as a
result, those areas are experiencing some of the highest land-loss rates in the world; therefore, the
impact has been major. While the cumulative impacts to coastal habitats from the factors described
above range from negligible to major, the incremental impact to those habitats from a proposed
lease sale would be moderate. The relatively small contribution of a proposed lease sale to OCS
oil- and gas-related activity would have impacts that are much less than those attributed to several
sources, as noted above.

Coastal Restoration Programs

There are numerous coastal restoration programs that have been initiated since 1990 to
address the long-term impacts to the Gulf of Mexico coastal ecosystem. These programs include
State, Federal, and private funding and have resulted in substantial beneficial impacts to coastal
habitats. The Coastal Wetlands Planning, Protection and Restoration Act, the Energy Policy Act of
2005, the Oil Pollution Act of 1990, and the Resources and Ecosystems Sustainability, Tourist
Opportunities, and Revived Economies of the Gulf Coast States Act are among the Federal laws
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providing billions of dollars in funding for coastal restoration in the Gulf Coast States. Louisiana’s
Coastal Protection and Restoration Authority has produced a Coastal Master Plan for implementing
related restoration projects. The various programs involved are discussed in detail in Chapter
3.3.2.8.3.

4.3.1.2.4 Incomplete or Unavailable Information

BOEM has identified incomplete or unavailable information regarding estuarine habitat.
There is incomplete information about routine impacts, as the scenario forecast is only an estimate,
and many global factors can affect OCS oil- and gas-related activity. There also remains
unavailable information about the future rates of oil spills, as well as spill locations and volumes of
oil.

There are unknowns regarding the future restoration efforts that are being planned, such as
what projects would ultimately be constructed and how successful they may be. In addition, the
future rates of relative sea-level rise are not known with certainty, and thus, resulting impacts to
wetlands are unknown. Future rates of coastal development are unknown, as is the extent of
impacts to estuarine systems thereof.

BOEM acknowledges that there remains incomplete or unavailable information that may be
relevant to reasonably foreseeable significant impacts on estuarine systems. This incomplete or
unavailable information includes potential data on the Deepwater Horizon, explosion, oil spill, and
response that may be forthcoming. As there is substantial information available since the
Deepwater Horizon explosion, oil spill, and response, which is included in this Multisale EIS, BOEM
believes that the incomplete or unavailable information regarding the effects of the Deepwater
Horizon explosion, oil spill, and response on estuarine systems would likely not be essential to a
reasoned choice among alternatives. Regardless of the costs involved, it is not within BOEM’s
ability to obtain this information from the NRDA process within the timeline contemplated in the
NEPA analysis for this Multisale EIS. BOEM'’s subject-matter experts have used what scientifically
credible information is available in their analyses, and applied it using accepted scientific
methodology. BOEM has determined that the information is not essential to a reasoned choice
among alternatives. Many studies have been produced that demonstrate the effects of exposure of
wetland plants to crude oil, covering a wide range of exposure intensity, longevity, and oil
characteristics. Much has been learned about the different survival and recovery rates of various
plant species. In addition, studies have been produced regarding the long-term impacts of canal
dredging and pipeline installation on wetlands. A proposed lease sale would result in a relatively
minor addition to existing routine activities and accidental events, and therefore, the incremental
contribution to wetland impacts from a proposed lease sale would be minor to moderate depending
on the alternative and given what is currently known.

The potential for impacts from changes to the affected environment (post-Deepwater
Horizon) and cumulative impacts remains whether or not the No Action or an action alternative is
chosen, and therefore, the incremental contribution from a proposed action would be minor relative



4-94 Gulf of Mexico Multisale EIS

to cumulative impacts. BOEM used reasonably accepted scientific methodologies to extrapolate
from existing information in completing this analysis and formulating the conclusions presented here.

4.3.1.2.5 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

BOEM reviewed and analyzed the impacts to coastal habitats from routine OCS oil- and gas-
related activities, reasonably foreseeable accidental events, and the incremental contribution of a
proposed action to the cumulative impacts to wetlands. It is expected that impacts from pipeline
emplacement would be negligible with only 0-1 pipeline landfalls projected, and any impacts would
be reduced or eliminated through mitigation (e.g., avoidance of impacts by use of modern
techniques such as directional drilling). Although maintenance dredging of navigation channels and
canals is expected to occur, a proposed action is expected to contribute only minimally to the need
for this dredging. Secondary impacts to estuarine systems from a proposed action would result from
OCS oil- and gas-related vessel ftraffic contributing to the erosion and widening of navigation
channels and canals. Overall, the impacts to these habitats from routine activities associated with a
proposed action are expected to be moderate due to the small length of projected onshore pipelines,
the minimal contribution to the need for maintenance dredging, the mitigating measures that would
be used to further reduce these impacts, and taking into account the estimated hundreds of acres of
land loss attributed to vessel traffic related to a proposed action over 70 years.

The greater threat from an oil spill to coastal habitat is from a coastal spill as a result of a
nearshore vessel accident or pipeline rupture. While a resulting slick may cause impacts to wetland
habitat and surrounding seagrass communities, the equipment, vessel traffic, and personnel used to
clean it up can also generate impacts to the area. Close monitoring and restrictions on the use of
bottom-disturbing equipment would be needed to avoid or minimize those impacts. In addition, an
assessment of the area covered, oil type, and plant composition of the wetland oiled should be made
prior to choosing remediation treatment. Offshore oil spills resulting from a proposed action would
have a low probability of contacting and damaging large areas of the coast, except in the case of a
catastrophic event, which is not reasonably foreseeable and not expected to occur as a result of a
proposed lease sale (Catastrophic Spill Event Analysis white paper, USDOI, BOEM, 2017). This is
because of the distance of the projected OCS oil- and gas-related activity to the coast, the likely
weathered and therefore less toxic condition of oil (through evaporation, dilution, and
biodegradation) should it reach the coast, and because wetlands are somewhat protected by barrier
islands, peninsulas, sand spits, and currents. Overall, impacts to estuarine habitats from oil spills
associated with activities related to a proposed action would be expected to be minor because of the
distance of most of the resulting activities from the coast, expected weathering of spilled ail,
projected low probability of large spills near the coast, resiliency of wetland vegetation, and available
cleanup techniques.

Cumulative impacts to wetlands are caused by a variety of factors, including the OCS
oil- and gas-related and non-OCS oil- and gas-related activities discussed above. Development
pressures in the coastal regions of the GOM have been largely the result of tourism and residential
beach side development, and this trend is expected to continue. The cumulative effects of human
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and natural activities in the coastal area have severely degraded the deltaic processes and have
shifted the coastal area from a condition of net land building to one of net land loss. Deltaic
Louisiana is expected to continue to experience the greatest loss of wetland habitat in the GOM.
Wetland loss is also expected to continue in coastal Texas, Mississippi, Alabama, and Florida, but at
slower rates. As a result, numerous coastal restoration programs have been initiated since 1990 to
address the long-term impacts to the Gulf of Mexico coastal ecosystem. These programs include
State, Federal, and private funding and have resulted in substantial beneficial impacts to coastal
habitats. A proposed action represents a small (>4.5%) portion of the cumulative OCS Program that
would occur over the 50-year analysis period. Impacts associated with a proposed action are a
minimal part of the overall OCS oil- and gas-related impacts. The incremental contribution of a
proposed action to the cumulative impacts on coastal wetlands is expected to be moderate.

4.3.1.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the WPA Portion of the Proposed Lease Sale Area

The impacts of this alternative would be similar to those of Alternative A, except that there
would be negligible impacts to coastal wetlands and submerged vegetation in Texas because no
new OCS oil- and gas-related activity is forecasted in the WPA along the Texas coast with this
alternative. Under Alternative B, the resulting OCS oil- and gas-related activity would be located off
the coasts of Louisiana, Mississippi, and western Florida. The greater distance between these
activities and the coastal habitats of Texas would reduce the impacts along the Texas coast,
whether from routine activities or accidental events. Less use of service bases in Texas is likely,
and the distance between oil spills associated with this alternative and the Texas coast is expected
to be greater. The incremental contribution of Alternative B to the cumulative impacts on coastal
wetlands is expected to be moderate.

4.3.1.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

The impacts of this alternative would be less than those of Alternative A, as only a fraction of
the resulting activity forecast for Alternative A is projected under Alternative C. For this alternative,
there would be negligible impacts to coastal wetlands and submerged vegetation in Louisiana;
negligible impacts to Mississippi, Alabama, and the panhandle of western Florida; and
incrementally more impacts to the wetlands and submerged vegetation of Texas, compared with
Alternative A. However, Alternative C would have less potential for impact than Alternative A or B as
the level of projected OCS oil- and gas-related activities and impact-producing factors are much less
in the WPA. For example, a range of 22-96 production wells are projected to be drilled and
developed under Alternative C, whereas 46-671 production wells are projected to occur under
Alternative B. The significance of impact-producing factors on estuarine habitats would be less for
Alternative C than for Alternative A, as discussed in Chapter 2.2.2. Therefore, the incremental
contribution of Alternative C to the cumulative impacts on coastal wetlands is expected to be minor.
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4.3.1.2.8 Alternative D—Alternative D—Alternative A, B, or C, with the Option to Exclude
Available Unleased Blocks Subject to the Topographic Features, Live Bottom
(Pinnacle Trend), and/or Blocks South of Baldwin County, Alabama, Stipulations

The impacts of this alternative would be nearly identical to those of Alternative A because the
available unleased blocks with topographic features do not contain wetlands or submerged
vegetation and are too distant (over 25 km; 16 mi) from the coast to have indirect impacts either. In
addition, there are only 367 blocks subject to the Topographic Features Stipulation, 74 blocks
subject to the Live Bottom (Pinnacle Trend) Stipulation, and 32 blocks subject to the Blocks South of
Baldwin County, Alabama, Stipulation. This relatively small percentage of the total number of
unleased blocks would not be expected to generate a great contribution to OCS oil- and gas-related
activity if leased.

4.3.1.2.9 Alternative E—No Action

If a proposed action does not occur, there would be no additional impacts to estuarine
habitats; however, cumulative impacts from all sources, including OCS and non-OCS sources, would
be the same as Alternative A. There could be some incremental increase in impacts caused by a
compensatory increase in imported oil and gas to offset reduced OCS production, but it would likely
be negligible.

4.3.2 Coastal Barrier Beaches and Associated Dunes

In this chapter, BOEM reviewed and analyzed OCS oil-
and gas-related routine activities and reasonably foreseeable | The coastal barrier beaches
accidental events. The approach of the analysis is to focus on | and associated dunes are
the potential impact-producing factors from OCS oil- and gas- | those beaches and dunes that
related routine activities (i.e., exploration, development, and | |ine the coast of the northern
production), as well as accidental events and cumulative | Gulf of Mexico, including both
impacts (Table 4-10). Routine activities associated with a | parrier islands and beaches
proposed action that takes place on the OCS, where wells are | gn the mainland.
driled and platforms and pipelines are installed, would not
impact the coastal barrier beaches, which are located from 3 to greater than 200 nmi (3.5 to
230.2 mi; 5.6 to 370.4 km) away. Other routine activities that support offshore oil and gas
exploration, such as increased vessel traffic, maintenance dredging of navigation canals, pipeline
installation, trash and debris, and construction of support infrastructure in the coastal areas, could
potentially impact beaches and dunes. An analysis of the potential impacts from accidental events,
primarily oil spills, associated with a proposed action is presented in this chapter, as is the
incremental contribution of a proposed action to the cumulative impacts to beaches and dunes.
Cumulative Impacts were analyzed for OCS oil- and gas-related activities and for other sources that
could affect coastal barrier beaches and dunes (i.e., human impacts, storms, vessel traffic,
subsidence, and sea-level rise).
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Table 4-10. Coastal Barrier Beaches and Associated Dunes Impact-Producing Factors That Are

Reasonably Foreseeable.

Coastal Barrier
Beaches and
Associated Dunes

Magnitude of Potential Impact’

Impact-Producing

Alternative A

Alternative B

Alternative C

Alternative D

Alternative E

Factors
Routine Impacts
Pipeline
Construction and Negligible Negligible Negligible Negligible None
Maintenance
Navigation
I?/Ig?nntgﬁlance Minor Minor Minor Minor None
Dredging
Vessel Operation
ﬁaf/ﬁ’gp:t?ogse of Negligible Negligible Negligible Negligible None
Channels)
Disposa o 9SS | Negligible Negligible Negligible Negligible None
Construction and
gﬁz ;’g foaSta' Negligible Negligible Negligible Negligible None
Infrastructure
Accidental Impacts
Oil Spills Minor Minor Minor Minor None
Cumulative Impacts

gg;fﬂ,i?it;l]z Minor Minor Minor Minor None
OCS Oil and Gas® Major
gzr;ZOCS Oil and Major

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”

chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could

occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.
* This includes other past, present, and reasonably foreseeable future activities occurring within the same
geographic range and within the same timeframes as a proposed action, but they are not related to the
OCS QOil and Gas Program.

Impact-Level Definitions

For this analysis, the following definitions were used to categorize impacts to coastal

beaches and dunes:
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e Negligible — Little to no measurable impacts in species composition and
abundance and/or altering of beach profile or ecological function.

e Minor — Measureable but short-term and localized impacts to species
composition and abundance and/or altering of beach profile or ecological
function.

e Moderate — Damage to coastal habitats (impacts to species composition and
abundance and/or altering of beach profile or ecological function) that is
detectable, spatially extensive, but temporary and not severe. Can also be used
to describe localized land loss.

e Major — Severe, bringing about detectable changes in species composition and
abundance and/or altering of beach profile or ecological function well beyond that
of normal variability. Changes would likely need to be both long-lasting and
spatially extensive to have such an effect.

4.3.2.1 Description of the Affected Environment

Barrier beaches and associated dune habitats from Texas to the Florida panhandle may be
impacted by activities resulting from a proposed action. These areas are comprised of the following
geologic subareas:

o the barrier island complex of southern Texas;
e the Chenier Plain of eastern Texas and western Louisiana;
o the Mississippi River Delta complex of southeastern Louisiana;

o the barrier-island and Pleistocene Plain complex of Mississippi and Alabama;
and

o the Florida panhandle.

Barrier islands make up more than two-thirds of the northern GOM shore (Morton et al.,
2004). These shorelines are usually sandy beaches that can be divided into several interrelated
environments. Generally, beaches consist of a shoreface, foreshore, and backshore. The
shoreface slopes downward and seaward from the low-tidal water line, under the water. The
nonvegetated foreshore slopes up from the water to the beach berm-crest. The backshore is found
between the beach berm-crest and the dunes, and may be sparsely vegetated. The dune zone of a
barrier landform can consist of a single low dune ridge, several parallel dune ridges, or a number of
curving dune lines that may be stabilized by vegetation. These elongated, narrow landforms are
composed of wind-blown sand and other unconsolidated, predominantly coarse sediments.

Tropical storms and hurricanes are normal occurrences in the GOM and along the coast.
The GOM has been hit extremely hard by very powerful hurricanes. These storms caused damage
to barrier islands and beaches in all five of the Gulf Coast States. Beaches can recover naturally
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from the damage done by storms, but it may take many years (Houser et al., 2015). During storms,
large waves can overwash lower coastal barriers, creating overwash fans or terraces behind and
between the dunes. With time, opportunistic plants would reestablish on these flat, sand terraces,
followed by the usual vegetative succession for this area. Along more stable barriers, where
overwash is rare, the vegetative succession in areas behind the dunes is generally complete.
Vegetation in these areas consists of scrubby woody vegetation, marshes, and forested wetlands.
Saline and freshwater ponds may be found among the dunes and on the landward flats. These flats
may grade into wetlands and intertidal mud flats that fringe the shore of lagoons, islands, and
embayments. In areas where no bay or lagoon separates barrier landforms from the mainland, the
barrier vegetation grades into scrub or forest habitat of the mainland.

Once formed, barrier islands are not static landforms; they are dynamic, with winds and
waves constantly reworking and moving the barrier island sand, wherefore barrier landform
configurations continually change, accreting and eroding, in response to these environmental
conditions. Landform changes can be seasonal and cyclical, such as seen with the onshore
movement of sand during the summer and offshore movement during the winter. Noncyclical
changes in landforms can be progressive, causing barrier island movement. Barrier islands are also
periodically reworked due to hurricanes and tropical storms.

Transgressive and regressive landforms are common across the GOM. A transgressive
sequence moves the shore landward. Transgressive coastal landforms around the GOM have low
profiles and are characterized by narrow widths; low, sparsely vegetated, and discontinuous dunes;
and numerous, closely spaced, active washover channels. A regressive sequence moves the shore
seaward. Regressive barriers have high and broad dune profiles. These thick accumulations of
sand may form parallel ridges.

Barrier islands, particularly vegetated ones with freshwater and or saltwater pools, may serve
as habitat for a wide variety of animal life, especially birds (Chapter 4.8), including threatened and
endangered species. The islands and spits protect the bays, lagoons, estuaries, salt marshes,
seagrass beds, and other wetland environments, some of which may contain threatened or
endangered species (Chapter 4.9). Barrier islands in the northern GOM extending from Atchafalaya
Bay, Louisiana, to Mobile Bay, Alabama, are disintegrating rapidly as a result of combined physical
processes involving sediment availability, sediment transport, and sea-level rise.

Oil from the Deepwater Horizon explosion and oil spill was documented by shoreline
assessment teams to have stranded on approximately 600 mi (965 km) of beach shoreline
(Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016). Cleanup activities
were conducted on 410 mi (660 km) of the affected beach. Two years after the spill, some oil
remained on 427 mi (687 km) but at much lesser amounts (Michel et al., 2013a; OSAT-2, 2011).
Beach shorelines were affected by oiling and response actions, with the most severe cleanup
actions killing all creatures that burrow in beach sand (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). As beaches experienced erosion and deposition, oil would
become buried, exposed, and remobilized multiple times, resulting in chronic re-oiling. Tropical
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Storm Lee (2011) and Hurricane Isaac (2012) caused extensive beach erosion and remobilization of
oil residues. Oil residue mats were observed between the toe of the beach and the first offshore
sand bar, providing another source of chronic sources of surface residue balls and surface residue
patties (Michel et al., 2013a). Over time, more of the remaining oil has continued to be removed,
while toxicity has decreased as the oil is further weathered. The buried supratidal samples
underwent less biodegradation due to lack of oxygen, but they were estimated in 2011 to decrease
to 20 percent of current levels within the next 5 years (OSAT-2, 2011).

As a result of the Deepwater Horizon explosion and oil spill, protective berms were
constructed in Louisiana seaward of barrier islands to protect the inland marshes, wetlands, and
seagrasses from incoming oil associated with this large spill. The berms were ineffective in stopping
the oil, and none of the estimates of how much oil was collected on the berms was much more than
1,000 bbl (National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling, 2011).
It took approximately 5 months to build roughly 12.5 mi (20.1 km) of berms at a cost of
approximately $220 million. Long-term effects can include changes in hydrology and sediment
transport along the coastal barrier islands, the loss of sand resources, and adverse impacts to
benthic and pelagic organisms (Martinez et al., 2012). As a result, such berms are not likely to be
approved as a response measure in the future.

Texas Barrier Island Complex

The barrier islands in Texas extend from the Mexican border to Galveston Bay. The GOM
coastline of Texas is about 367 mi (590 km) long. The average rate of erosion of the Texas
shoreline, from 1950 through 2012, was 2.3 ft (0.7 m) per year. While some of the coast has been
gaining land, rates vary by location, with numerous locations experiencing rates of more than 11.5 ft
(3.5 m) per year (State of Texas, General Land Office, 2015).

The barrier islands are mostly accreted sediments that were reworked from river deposits,
previously accreted Gulf shores, bay and lagoon sediments, and exposed seafloors (White et al.,
1986). The Texas coast has both low- and high-profile barriers. South Padre Island is an example
of a low-profile barrier, with its narrow shape and discontinuous frontal dunes that are inundated by
storm surges. Matagorda Island is an example of a high-profile barrier, which is typically wide with
continuous, well-vegetated dune ridges (Morton et al., 2004).

Padre Island National Seashore encompasses 70 mi (112 km) of coastline, making it the
longest stretch of undeveloped barrier island in the world. It borders the Laguna Madre, a
hypersaline lagoon, and it provides habitat for numerous plants and animals. It also serves as an
important nesting ground for the endangered Kemp’s ridley sea turtles.

Chenier Plain

The Chenier Plain of eastern Texas and western Louisiana began developing about
2,800 years ago. During that period, Mississippi River Delta sediments were intermittently eroded,
reworked, and carried into the Chenier Plain area by storms and coastal currents. This deposition
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gathered huge volumes of mud and sand, forming a shoreface that slopes very gently, almost
imperceptibly, downward for a very long distance offshore. This shallow mud bottom is viscous and
elastic, which generates hydrodynamic friction (Bea et al., 1983). Hence, wave energies along the
barrier shorelines of the Chenier Plain are greatly reduced, causing minimal longshore sediment
transport along the Chenier Plain (USDOI, GS, 1988). More recently, this shoreline has been
eroding as sea level rises, converting most of this coast to transgressive shorelines.

The barrier beaches of the Chenier Plain are generally narrow, low, and sediment starved
due to the nature of coastal currents and the shoreface. In some places, beach erosion has
exposed relic marsh platforms that were buried by past overwash events, resulting in beaches
composed of shelly sand, or discontinuous mud deposits among muddy sands.

Mississippi River Delta Complex

The Mississippi River Delta region comprises much of coastal Louisiana and adjacent
Mississippi. It stretches from the Atchafalaya Bay to the Chandeleur Islands of Louisiana. Most
barrier shorelines of the Mississippi River Delta are transgressive and trace the seaward remains of
a series of five abandoned deltas. As a lobe of the Delta is abandoned by a shift in drainage, that
portion begins to subside slowly into the sea and is further reduced by erosion. Some of the
sediment may be reworked by wind and waves into barrier islands. The Chandeleur Islands and
Grand Isle are examples of this. Gradually, woodland vegetation became established on the dune
sands (e.g., oaks and oleander). Salty meadows, marshes, and lagoons occupy the lower terrain.
The shorefaces of the Mississippi River Delta complex slope gently seaward, which reduces wave
energies at the shorelines. Mud flats are exposed during very low tidal events. This slope is not as
shallow as that found off the Chenier Plain.

The barrier islands associated with the Mississippi River Delta are at the greatest risk for
degradation from hurricanes and sand budget deficits; these include the Chandeleur-Breton Island,
Timbalier Island, and Isle Dernieres chains in Louisiana. These chains of individual transgressive
barrier island segments have progressively diminished in size while migrating landward (McBride
et al., 1992). Most of southeastern Louisiana’s barrier beaches are composed of medium to coarse
sand. Most dune zones of the Mississippi River Delta contain low, single-line dune ridges that may
be sparsely to heavily vegetated.

Mississippi and Alabama Coasts

The Dog Keys define the Mississippi Sound of Mississippi and Alabama. The Mississippi-
Alabama barrier islands have experienced increased rates of land loss since the mid-1800’s
because of storms and sand budget deficits. The centers of most of the islands are migrating
westward (Richmond, 1962; Otvos, 1979). These islands generally have high beach ridges and
prominent sand dunes. They are well vegetated among and behind the dunes and around ponds.

Mississippi has about 33.9 mi (54.6 km) of barrier beaches (USDOI, FWS, 1999). The
western district of the Gulf Islands National Seashore is located in Mississippi. Some of the habitats
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representative of coastal barrier and seagrass ecosystems are found on or behind Horn and Petit
Bois Islands, which were designated as Wilderness Areas by Congress in 1978 through the
establishment of the Gulf Islands Wilderness Area.

Dauphin Island, Alabama, represents about another 7 mi (11 km) of barrier beaches. The
beaches are separated by wide passes with deep channels. Shoals (a place where a sea, river, or
other body of water is shallow) are typically adjacent to these barriers. Unlike the other barrier
islands, Dauphin Island is essentially a low-profile, transgressive barrier island, except for its eastern
end. The western end is characterized by small dunes and many washover fans, exposed marsh
deposits, and tree stumps exposed in the surf zone. The Gulf Shores region of Alabama extends
from Mobile Point eastward to the Florida boundary, a distance of about 31 mi (50 km) (Smith,
1984).

Florida Panhandle

The Florida panhandle has extensive beaches with multiple habitats, including sandy
mainland beaches, broad peninsulas, and narrow barrier islands. Two long, narrow barrier islands
(Santa Rosa Island and Perdido Key) form the Gulf shore west of Destin and are part of the Gulf
Islands National Seashore (Figure 4-26 in Chapter 4.12.1). Both can be reached by road and
experience tourism in the form of camping, picnicking, swimming, bird watching, and fishing.

Coastal land loss from shoreline change in the Florida panhandle is associated with erosion
of sandy beaches and barrier islands, especially around inlets, while bays and lagoons tend to
experience lower loss rates because the waterbodies are generally small or protected by erosion
control structures (Morton et al., 2004). The average long-term erosion rate, from the 1800’s
through 2001, was estimated as -2.6 ft/yr (-0.8 m/yr), which is lower than the other Gulf Coast
States. This can be attributed to relatively low wave energy and frequent beach nourishment
(Morton et al., 2004).

These barrier beaches and dune habitats also play an important role to ESA-listed species;
BOEM consults on these species with FWS. These species include sea turtles, beach mice, and
birds; to read about the protected species that use these habitats, refer to Chapters 4.9.2, 4.9.3,
and 4.9.4, respectively.

4.3.2.2 Environmental Consequences
4.3.2.2.1 Routine Activities

This chapter considers impacts from routine activities associated with a proposed action to
the physical shape and structure of barrier beaches and associated dunes. The primary impact-
producing factors from routine activities associated with a proposed action that could affect these
environments include pipeline emplacements, vessel traffic (navigation channel use) and dredging,
trash and debris, and infrastructure construction.
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Pipeline Emplacements

Many existing OCS Program-related pipelines made landfall on barrier islands and
shorelines (Chapter 3.1.3.3.1). Pipeline landfall sites on barrier islands could potentially cause
accelerated beach erosion and island breaching. This occurs when pipeline canals are dug through
beaches, and then widen over time. A proposed action is not expected to include new pipelines that
make landfall on barrier islands or mainland beaches (0-1 new pipeline landfalls are projected).
Modern pipeline construction typically employs horizontal, directional (trenchless) drilling techniques
and open-water routes to the extent possible to avoid damages to estuarine systems and beaches.
Similar features are now commonly required to minimize any impacts from pipeline landfalls.
Studies have shown that little to no impact to barrier beaches results from techniques like directional
pipeline emplacement (LeBlanc, 1985; Wicker et al., 1989). Federal and State regulatory programs
and permitting processes encourage the use of directional boring technology to reduce and perhaps
eliminate impacts to barrier beaches or dunes. Because of the regulations and new construction
methods, and the limited projection for, at most, one new pipeline landfall, the effects on barrier
beaches and dunes from pipeline laying activities associated with a proposed lease sale are
expected to be negligible.

Vessel Traffic and Dredging

Vessel traffic that may support a proposed action and navigation channels projected to be
used in support of a proposed action are discussed in Chapters 3.1.3.3.4 and 3.1.4.3 and are
shown in Table 3-7. As a result of a proposed action, it is not expected that the number of OCS oil-
and gas-related navigation channels would change. Waves generated by boats, ships, barges, and
other vessels erode unprotected shorelines and accelerate erosion in coastal barrier beaches
already affected by natural erosion processes. Only a limited reach of the navigation channels cross
the shoreline adjacent to beaches or dunes, and these reaches are generally armored with rock.
The existing armored navigation channels minimize or eliminate the potential for shoreline erosion
from vessel traffic.

A proposed action is estimated to account for <2 percent of the service-vessel traffic in
navigation canals associated with the OCS Program from 2017 through 2066 (Chapters 3.1.3.3.4
and 3.1.4.3; Tables 3-2 and 3-7). Erosion of coastal barrier beaches and associated dunes from
vessel traffic resulting from a proposed action are expected to be negligible because of the small
percentage of total vessel traffic related to the OCS Program and the armoring of the channels most
highly used for OCS oil- and gas-related activities.

Periodic maintenance dredging is expected in existing navigation channels through barrier
passes and associated bar channels. Maintenance dredging of barrier inlets and bar channels
removes sediment from the system, contributing to beach erosion. Materials from maintenance
dredging of bar and pass channels are typically discharged to nearby ocean dumping sites in the
GOM (Chapter 3.3.2.8.5) or they are used for marsh creation or beach nourishment projects as part
of mitigation (Morton, 2008). Jetties or bar channels serve as sediment sinks by intercepting
sediment in longshore littoral drift (the movement of sediment along the shoreline by currents).
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Negative effects of sediment sinks created by jetties can be mitigated by filling the downdrift side of
the jetty with appropriate sediment. These dredging activities are permitted, regulated, and
coordinated by the COE with the appropriate State and Federal resource agencies. Effects from
maintenance dredging related to a proposed action on coastal barrier beaches and associated
dunes are expected to be minor due to the small contribution from a proposed action to total
channel use and the offsetting effects of beach nourishment.

Coastal Infrastructure Construction

Projected new facilities that are attributed to the OCS Program and a proposed action would
rarely, if ever, be located on coastal barrier beaches (Chapter 3.1.7). There are 0-1 gas processing
plants projected to be constructed as a result of a proposed action. Existing inland facilities may,
through natural erosion and shoreline recession, be located in the barrier beach and dune zone and
contribute to erosion there. A proposed action may extend the life and presence of facilities in
eroding areas, which could accelerate localized erosion; however, the impacts on coastal barrier
beaches and associated dunes in the vicinity of the construction of a gas processing plant from a
proposed action are expected to be negligible or none, as the location of such a facility is not likely
to be adjacent to beaches.

4.3.2.2.2 Accidental Events

The types and sources of spills that may be reasonably foreseeable from a proposed lease
sale and their characteristics are described in Chapter 3.2. There is also a risk analysis of oil spills
in Chapter 3.2.1. A low-probability catastrophic spill is discussed in the Catastrophic Spill Event
Analysis white paper (USDOI, BOEM, 2017).

The only accidental event associated with a proposed action likely to impact beaches would
be a spill and the associated cleanup activities. Impacts to biological, recreational, and
archaeological resources associated with beach and dune environments are described in the impact
analysis chapters for those specific resources (Chapters 4.9, Protected Species; 4.12, Recreational
Resources; and 4.13, Archaeological Resources).

Effects of Oil on Beaches

The effects from coastal oil spills depend on the geographic location, volume, and rate of the
spill, type of oil, oil-slick characteristics, oceanic conditions, season at the time of the spill, and
response and cleanup efforts (Chapter 3.2.8). The resiliency of coastal beaches and the impact of
oil on these beaches are, in part, based on the toxicity of the oil's components once it reaches the
beaches. Microbial biodegradation can reduce the toxicity of crude oil by decreasing PAH
concentrations. However, submerged oil mats found in GOM waters adjacent to beaches can resist
weathering and may serve as long-term sources of remnant oil and PAHs to beach ecosystems
(Hayworth et al., 2011; Elango et al., 2014). In addition, buried supratidal samples undergo less
biodegradation due to a lack of oxygen (OSAT-2, 2011).
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If unweathered oil reached the beaches, the associated interstitial microfauna would be
affected in several ways, including community shifts, toxic effects, and the physical disturbance of
response efforts. A shift in the microbial community would tend to increase dominance by
hydrocarbon degraders (Kostka et al., 2011). This shift can occur within days of contamination with
crude oil, stimulating the breakdown of the contaminants present in the oil (Horel et al., 2012). Toxic
constituents of the oil can have both lethal and sublethal impacts to resident plants and fauna.
Equipment and personnel used in cleanup efforts can generate the greatest direct impacts to an
area, such as the removal of sand from the beaches, disturbance of beach and foredune sands
through foot traffic, mechanized cleanup equipment (e.g., sifters), dispersal of oil deeper into sands
and sediments, and foot traffic in marshes impacting the distribution of oils and marsh vegetation.

Coastal Spills

Coastal spills from damage to pipelines, vessel collisions, and malfunctions of onshore
production or storage facilities have the greatest potential for affecting the coastal barrier beaches
due to their proximity to the resources. Because very little OCS oil- and gas-related activity takes
place on beaches, inland spills that occur in the vicinity of GOM tidal inlets present a greater
potential risk to barrier beaches and dunes because the inlets can provide a path for oil to reach the
beaches.

The number and most likely spill sizes to occur in coastal waters in the future are expected to
resemble the patterns that have occurred in the past as long as the level of energy-related, other
commercial, and recreational activities remains the same. BOEM'’s analysis shows that 96 percent
of spills from OCS oil-and gas-related activity are <1 bbl, with an average size of <0.05 bbl
(Anderson et al., 2012). Table 3-13 shows that there was only one spill 21,000 bbl in the coastal
waters from Texas through Alabama during the period 2002-2015. Because of the small contribution
to all such spills from a proposed action, the small size of most spills, the percentage of spilled oil
volume that would likely reach coastal barrier beaches, and the breakdown of contaminants by
microbial communities, impacts of coastal spills to barrier beaches and dunes are expected to be
minor.

Offshore Spills

There are various factors and conditions that affect the toxicity and severity of the impacts of
oil spills on the barrier island systems, dunes, and the associated vegetation. For an offshore spill
<1,000 bbl to make landfall, the spill would have to occur proximate to State waters (defined as
3-12 mi [5 19 km] from shore). If a spill were to occur proximate to State waters, only a spill >50 bbl
would be expected to have a chance of persisting long enough to reach land. Spills 250 and
<1,000 bbl are infrequent (Chapter 3.2.1.5.4). If an oil spill contacted the shoreline, the intertidal
area and the beach face would likely be contacted. For the oil to contact the dunes, extreme high
tides would be needed to carry oil from a spill across and onto the dunes.

Two important variables during an oil spill for impacts on beaches and dunes involve location
(distance of spill from landfall) and weather. For example, if there is sufficient distance and
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favorable weather conditions between the spill and landfall, the oil can be dispersed, thinned, and
emulsified. This would allow for conditions supportive of biodegradation, volatilization, and
photooxidation to break down the oil. Most spills from the OCS are likely to be distant enough that,
should a slick from such a spill make landfall, the volume of oil remaining in the slick is expected to
be small. Due to the distance of the spill from shore, the weather, the time oil remains offshore, and
dispersant use (Chapter 3.2.8.2.2), OCS crude oil would be less toxic when it reaches the coastal
environments. For example, after the Deepwater Horizon explosion and oil spill, the majority of oil
deposits on GOM beaches were highly weathered and samples showed 86-98 percent depletion of
total polycyclic aromatic hydrocarbons (PAHs) (OSAT-2, 2011). However, should spills from the
OCS occur proximate to State waters, they could reach shore before much weathering, evaporation,
or dispersal had occurred.

The probabilities of an offshore spill 21,000 bbl occurring and contacting environmental
features are described in Chapter 3.2.1.4.8. The probabilities of oil spills 21,000 bbl occurring and
contacting State waters can be found in Figure E-20. The highest probability as a result of a
proposed action is estimated at 26 percent for the State waters of both Texas and West Louisiana.
Should spills from the OCS occur proximate to State waters, they could reach shore before much
weathering, evaporation, or dispersal had occurred. However, because the majority of spills
estimated to occur are relatively small (>99% estimated to be <50 bbl), the distance from coastal
communities, improved technologies, and the dynamic nature of the coastal environment, offshore
spills are expected to have a minor impact on the estuarine community.

Trash and Debris

Trash and debris (Chapter 3.2.7) can be an issue for coastal habitats, including beaches
and dunes and the fauna that reside in these habitats. Fauna that utilize barrier beaches and dunes
could ingest or become entangled in trash and debris. This can have lethal impacts like suffocation
or sublethal impacts like loss of a limb. The BSEE provides information on marine debris and
awareness and requires training of all OCS personnel through NTL 2015-BSEE-G03, which also
informs operators of regulations set forth by other regulatory agencies (i.e., the USEPA, USCG, and
others). Due to the annual awareness training required by marine debris mitigations, the handling of
waste and trash by industry has improved greatly and the effects on coastal habitats are minimized.
Because lease stipulations and regulations, as clarified by NTLs, are in place to reduce impacts from
marine trash and debris, impacts related to marine trash and debris would result in negligible
impacts to coastal barrier beaches and associated dunes.

4.3.2.2.3 Cumulative Impacts

This cumulative analysis considers the effects of impact-producing factors related to a
proposed action, prior and future OCS lease sales in the Gulf of Mexico, State oil and gas activities,
other governmental and private projects and activities, and pertinent natural processes that may
affect barrier beaches and dunes.
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OCS Oil- and Gas-Related Impacts

Pipeline Emplacements, Vessel Traffic (Navigation Channel Use), Dredging, Trash and
Debris, and Infrastructure Construction

Continued navigation channel use and dredging support of a proposed action could impact
coastal habitats. Maintenance dredging of barrier inlets and bar channels is expected to continue,
which removes sediment from the system, contributing to beach erosion. Mitigation of impacts
involves strategically placing dredged sediment where adjacent barrier-island shores would receive it
for island nourishment and rebuilding (Morton, 2008). Beneficial uses of dredged material include
beach nourishment for the more sandy materials, and much of the impacts from dredging are
expected to be mitigated through the beneficial use program implemented by the COE. Further
discussion of the beneficial use of dredged material can be found in Chapter 3.3.2.3.5. Impacts to
beaches from maintenance dredging would occur regardless if a proposed action is implemented or
not. Between 6 and 19 percent of traffic using navigation channels in the GOM is expected to be
related to the cumulative OCS Program (Tables 3-23 and 3-7). A proposed action is estimated to
account for less than 2 percent of the service-vessel traffic in the OCS. Impacts to beaches from
maintenance dredging related to a proposed action are expected to be minor. Impacts to beaches
from OCS oil- and gas-related marine debris would be negligible.

The effects to coastal barrier beaches and associated dunes from pipeline emplacements
and the construction or continued use of infrastructure in support of a proposed action are expected
to be restricted to temporary and localized disturbances. Existing pipelines were placed using older
techniques and have caused and would continue to cause barrier beaches to narrow and breach.
Pipeline landfalls projected in support of the cumulative OCS scenario are expected to cause
negligible impacts to barrier beaches because of the use of modern, nonintrusive installation
methods.

Oil Spills

Due to the proximity of coastal spills to barrier islands and beaches, such spills pose a threat
to coastal barrier beaches and dunes. As noted in Table 3-13, a few coastal spills 21,000 bbl have
been recorded in the coastal waters from Texas through Alabama during the period 2002-2015.
Spills that occur in or near the Chandeleur or Mississippi Sounds could affect the coastal barrier
beaches and dunes in the Gulf Islands National Seashore and the Breton National Wildlife Refuge.

Oil from most offshore spills, except perhaps from OCS oil- and gas-related activities close to
the boundary with State waters, is expected to be weathered and normally treated offshore.
Therefore, most of the toxic components would have dissipated by the time it contacts coastal
beaches. The cleanup impacts of these spills could result in a short-term (up to 2 years) adjustment
in beach profiles and configurations as a result of sand removal and disturbance during the cleanup
operations. Cleanup efforts would be monitored in an effort to ensure the least amount of
disturbance to the areas. Oil from the Deepwater Horizon explosion and oil spill was documented by
shoreline assessment teams to have stranded on approximately 600 mi (965 km) of beach shoreline
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(Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016). Cleanup activities
were conducted on 410 mi (660 km) of the affected beach. Two years after the spill, some oil
remained on 427 mi (687 km) but at much lesser amounts (Michel et al., 2013a; OSAT-2, 2011).
Beach shorelines were affected by oiling and response actions, with the most severe cleanup
actions killing all creatures that burrow in beach sand (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). As beaches experience erosion and deposition, oil would
become buried, exposed, and remobilized multiple times, resulting in chronic re-oiling. Tropical
Storm Lee (2011) and Hurricane Isaac (2012) caused extensive beach erosion and remobilization of
oil residues. Oil residue mats were observed between the toe of the beach and the first offshore
sand bar, providing another source of chronic sources of surface residue balls and surface residue
patties (Michel et al., 2013a). Over time, more of the remaining oil has continued to be removed,
while toxicity has decreased as the oil is further weathered. The buried supratidal samples
underwent less biodegradation due to lack of oxygen, but they were estimated to decrease to
20 percent of current levels within 5 years (OSAT-2, 2011). Accidental spills as a result of a low-
probability catastrophic event are discussed in the Catastrophic Spill Event Analysis white paper
(USDOI, BOEM, 2017).

Spill data from the OCS shows that, over decades of activity, tens of thousands of barrels of
oil have been spilled (Chapter 3.2.1.1.3), not including oil from the Deepwater Horizon oil spill.
Cumulative OCS oil- and-gas-related spills resulting from all past and present leasing activities,
including the millions of barrels that entered the Gulf of Mexico from the Deepwater Horizon oil spill,
are estimated to have had a major impact on coastal barrier beaches and dunes. However, the
incremental increase in impacts from reasonably foreseeable oil spills related to a proposed action is
expected to be minor.

Non-OCS Oil- and Gas-Related Impacts
Vessel Traffic (Navigation Channel Use)

Construction of the existing navigation channels has replaced beaches with the waterways in
some cases, while other channels were constructed using existing passes (Chapter 3.3.2.8.5).
Construction of the channels involves removal of sand that is no longer available for longshore drift
to adjacent beaches. Maintenance dredging of barrier inlets and bar channels would continue to
remove sediment from the system, contributing to beach erosion. Sand is removed during dredging,
and only a fraction of this sand is used for beach nourishment. Disposal of dredged material outside
of the littoral zone represents a net loss of sand to the system, and thus, maintenance dredging has
contributed to net deficits (Byrnes et al., 2012). These impacts would occur from necessary channel
maintenance to accommodate all vessel traffic, resulting in moderate impacts to beaches.

Oil Spills

Non-OCS oil- and gas-related oil spills can occur as a result of import tankers, barge, or
shuttle tanker accidents during transit or offloading, State-related oil production activities, and
various kinds of petroleum product transfer accidents. State-related oil production activities are
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concentrated in coastal areas, where spills could potentially cause greater impacts to beaches. The
impacts of non-OCS oil- and gas-related spills are expected to be minor to moderate.

The GOM has more natural oil seeps (providing ~980,000 bbl/year; refer to Chapter
3.3.2.9.2) than any other marine environment in North America; therefore, it has a resident
population of microbiota, including oil-biodegrading bacteria, that degrades additional oil that enters
the environment (Atlas and Hazen, 2011). This resident microbial population increases the
resiliency of beaches to oil spill impacts.

River Hydromodification and Beach Protection

Over the course of geological history, the barrier islands have migrated toward the present
coast. The Gulf-facing coasts of the barrier islands have been eroded by the steady relative rise in
sea level. Human disturbance has hastened the erosion of barrier beaches and dunes. Channel
deepening and widening along the Mississippi River and other major coastal rivers, in combination
with channel training and bank stabilization work, has resulted in the reduced delivery of sediment to
the eroding deltas along the mouths of the rivers and to the offshore barrier islands. This, coupled
with beach building and stabilization projects utilizing mined sands, jetties, groins, and other means
of sediment capture, is depriving natural restoration of the barrier beaches through sediment
nourishment and sediment transport.

Subsidence, erosion, and dredging of inland coastal areas with the concurrent expansion of
tidal influences continually increase tidal prisms around the GOM. These changes may result in the
opening and deepening of many new tidal channels that connect to the GOM and inland
waterbodies. Due to the increased flow, these incremental changes would cause adverse impacts to
barrier beaches and dunes. Efforts to stabilize the GOM shoreline have adversely impacted barrier
landscapes. Large numbers and varieties of stabilization techniques for navigation channels have
been applied along the Gulf Coast. These efforts have contributed to coastal erosion by depriving
downdrift beaches of sediments, which accelerates erosion there, and by increasing or redirecting
the erosional energy of waves (Morton, 1982). Over the last 20 years, dune and beach stabilization
have been better accomplished by using more natural applications such as sand dunes, beach
nourishment, and vegetative plantings. Impacts of river channelization and beach protection are
expected to be moderate because of the disruption of sediment nourishment and sediment
transport.

Other Anthropogenic and Natural Processes

Barrier beaches along the Gulf Coastal have experienced erosion and landward retreat
(marine transgression) because of natural processes enhanced by human activities (Chapters
3.3.2.8 and 3.3.2.9). Adverse effects on barrier beaches and dunes have resulted from changes to
the natural dynamics of water and sediment flow along the coast. This can happen in an attempt to
control catastrophic floods and change the natural environment to better accommodate navigation
on waterways used to support OCS oil- and gas-related and non-OCS oil- and gas-related vessel
traffic. Rising sea levels are expected to continue to inundate or fragment low-lying coastal areas,



4-110 Gulf of Mexico Multisale EIS

including sandy beaches and barrier islands (Dahl, 2011). Sea-level rise and coastal subsidence
and tropical storms exacerbate and accelerate the erosion of coastal barrier beaches along the Gulf
Coast. The Gulf Coast and the associated barrier islands and dunes have been impacted by high-
intensity hurricanes and tropical storms over the past millenia, resulting in natural changes in barrier
island topography and decreases in beach elevation (USDOI, GS, 2008; Barras, 2007). Due to the
more gentle slopes, removal of beach ridges, and cuts into the mainland barrier beaches, the
remnant transition zone between the water and the current beach ridge may be more vulnerable to
spills. Historically, recovery of beaches to their pre-storm state ranges from years to decades
(Houser et al., 2015).

If the topography is modified, it may result in hydrological changes that enable further
sediment transport from the islands. This provides pathways for further erosion and saltwater
intrusion into the less salt-tolerant interior vegetated habitats of the islands. The loss of elevation,
combined with the shoreline retreat and removal of vegetation further aggravated by the hurricanes,
allows for the expansion of the overwash zone. This lessens the pre-storm protection of the coast
provided by these barrier islands. The reduction in island elevation results in less frontline protection
to valuable marshes and puts urban and industrial areas protected by these marshes at a higher risk
(USDOC, NMFS, 2007b).

Hurricanes and tropical storms would remain a part of the Gulf Coast weather pattern and
would continue to affect the elevations of barrier islands, mainland beaches, and dunes. Depending
on storm frequency and intensity, it may be possible for coastal restoration and protection projects to
mitigate some of the physical damage to these areas.

Gulf Coast barrier beaches tend to occur at low elevations, between sea level and several
feet above sea level. Beach erosion due to sea-level rise has increased along certain shorelines
(Dahl, 2011). If current projections are realized and the sea level increases by 3.5 ft (1.1 m) in
Galveston, Texas, by 2100 (USEPA, 2013a), much of Texas’ coastal beaches would be under water
well before 2100. A more conservative estimate of sea-level rise, known as the AR4 scenario, calls
for an increase (globally) of 16 in (41 cm) by 2100 (NRC, 2010). Even this rate of increase would be
likely to impact Gulf Coast beaches, especially when local, relative sea-level rise is considered.
Since 1870, global sea level has risen by about 8 in (20 cm) (USEPA, 2013a). Even at current
measured rates of relative sea-level rise, large areas of GOM coastal beaches can be expected to
be inundated (refer to Chapter 3.3.2.8.1). Impacts to coastal habitats are expected to be major due
to the large scale of inundation from sea-level rise and the erosion due to hurricanes and human
activities.

Recreational Use, Tourism, and Development

Recreational use of beaches is discussed in Chapter 4.12 (Recreational Resources).
Recreational use of barrier beaches and dunes can have impacts on the stability of the landform.
Vehicle and pedestrian traffic on sand dunes can stress and reduce the density of vegetation that
binds the sediment and stabilizes the dune. Destabilized dunes are more easily eroded by winds,
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waves, and traffic. Recreational vehicles and even hikers have caused impacts where road access
is available and the beach is wide enough to support vehicle use. Most barrier beaches in Texas are
accessible to people for encouraged recreational use because of public road access. It also
provides for public acquisition of private beachfront property. Most barrier beaches in Louisiana are
relatively inaccessible for regular recreational use because they are in coastal areas with limited
road access. Mississippi has coastal beaches behind the barrier islands that are accessible for
recreational use, and the barrier islands experience extensive recreational use by boaters. Most
barrier beaches in Alabama and the panhandle of Florida are accessible to foot traffic through road
access, and their use is encouraged. There would continue to be seaside real-estate development
where road access is available. The protection of dunes, beaches, and coastal environments are
regulated through the Coastal Management Programs of the states, as well as the COE’s permitting
program. This helps to assure that projects are constructed consistent with the Federal CZMA
guidelines in order to preserve the integrity of the coastal ecosystem. In the years 2004 through
2009, there were modest gains in marine and estuarine nonvegetated wetlands, a category that
includes beaches (Dahl, 2011; Dahl and Stedman, 2013). A proposed action would not provide any
additional access that would result in increased negative cumulative impact to the barrier beaches
and dunes.

Development along the Gulf Coast has impacted coastal barrier beaches. Census data
show that coastal areas are experiencing much higher growth than noncoastal areas. However,
census data may underestimate this trend due to undercounting of seasonal residents.
Infrastructure needed to support seasonal influxes of people can impact coastal barrier beaches
(Dahl and Stedman, 2013). Hotels, restaurants, stores, and bars have been built on or adjacent to
many coastal beaches, resulting in loss of habitat as well as the introduction of wastewater into
coastal waters. High-use “amenity” beaches can benefit from frequent beach nourishment projects
that supply large quantities of sand. Impacts are to some extent offset by coastal restoration
programs. Examples of these programs are the Coastal Impact Assistance Program (CIAP), the
Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA), and the RESTORE Act
(refer to Chapter 3.3.2.8.3). Due to the protection from development of beaches included in the Gulf
Islands National Seashore, restrictions on development by the various regulatory programs and
continuing cumulative impacts of past development on coastal barrier beaches, impacts are
expected to be moderate.

Coastal barrier beaches have experienced severe adverse cumulative impacts from human
activities and natural processes. Human activities that have caused the greatest adverse impacts
are navigation channel stabilization and maintenance, beach stabilization structures, oil spills,
recreation and development, river channelization and damming, and pipeline canals. Most barrier
beaches in Texas, Alabama, and Florida are accessible to people for recreational use, and their use
is encouraged and intense. Excessive recreational use can result in damage to dunes, resulting
from the loss of dune stabilizing plants. Existing pipelines were placed using older techniques and
have caused and may continue to cause barrier beaches to narrow and breach. Natural and
anthropogenic events have combined to cause erosion of barrier and shoreline landforms along the
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Gulf Coast. Cumulative impacts to barrier beaches and dunes from these sources are considered to
be major.

While the cumulative impacts to coastal barrier beaches from the factors described above
range from negligible to major, the incremental impact to beaches from a proposed lease sale
would be minor. The relatively small contribution of a proposed lease sale to OCS oil- and
gas-related activity would have impacts that are much less than those attributed to several sources,
as noted above.

4.3.2.2.4 Incomplete or Unavailable Information

BOEM acknowledges that there remains incomplete or unavailable information regarding
coastal barrier beaches and associated dunes in the GOM. There is incomplete information about
routine impacts, as the scenario forecast is only an estimate, and many global factors can affect
OCS oil- and gas-related activity. There also remains unavailable information about future rates of
oil spills, as well as the locations and volumes of oil. Future rates of coastal development are
unknown, as is the extent of such impacts to coastal barrier beaches. There are also unknowns
regarding the future restoration efforts being planned, such as what specific projects would ultimately
be constructed and how successful they may be. In addition, the future rates of relative sea-level
rise are not known with certainty (Hausfather, 2013), and thus, the resulting impacts to coastal
barrier beaches and associated dunes are unknown.

A large body of information regarding impacts of the Deepwater Horizon explosion, oil spill,
and response upon coastal barrier beaches and associated dunes has been developed and
continues to be developed through the NRDA process, but information remains incomplete. As
there is substantial information available since the Deepwater Horizon explosion, oil spill, and
response, which has been analyzed for this Multisale EIS, BOEM believes that the incomplete or
unavailable information regarding the effects of the Deepwater Horizon explosion, oil spill, and
response on coastal barrier beaches and dunes would likely not be essential to a reasoned choice
among alternatives. The incomplete information would not be available within the timeframe
contemplated by the NEPA analysis of this Multisale EIS. However, much is known about the extent
of the oiling of beaches and the continuing degradation of the remaining oil.

BOEM has determined that the information is not essential to a reasoned choice among
alternatives. BOEM'’s subject-matter experts have used what scientifically credible information is
available in their analyses, applied using accepted scientific methodology. Many studies have been
produced that demonstrate the effects of exposure of beaches to crude oil, covering a wide range of
exposure intensity, longevity, and oil characteristics. Much has been learned about the effect of
oil-spill cleanup on beaches and the degradation rates of oil over time. In addition, studies have
been produced regarding the long-term impacts of navigation canal dredging on beaches and barrier
islands. A proposed lease sale would result in a relatively minor addition to existing routine activities
and accidental events, and therefore, the incremental increase in impacts to coastal barrier beaches
and dunes from a proposed lease sale would be minor given what is currently known. The potential
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for impacts from changes to the affected environment (post-Deepwater Horizon) and cumulative
impacts remains whether or not the No Action or an action alternative is chosen.

4.3.2.2.5 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

Impacts from most routine activities related to a proposed action would be expected to be
minor since most routine activities are located far from coastal beaches. Impacts to coastal barrier
beaches and associated dunes from pipeline emplacements, and construction or continued use of
infrastructure in support of a proposed action are expected to be restricted to temporary and
localized disturbances and to cause negligible impacts to barrier beaches because of the small
number of expected pipeline landfalls and the fact that any new OCS oil- and gas-related
infrastructure would not be expected to be constructed on barrier beaches. The contribution from a
proposed action to channel use and maintenance is expected to result in minor impacts. Indirect
impacts from routine activities, such as disruption of sediment transport by maintenance dredging of
channels or erosion resulting from pipeline emplacements, are minor.

Minor and localized impacts to the physical shape and structure of barrier beaches and
associated dunes may be expected to occur as a result of accidental events, such as oil spills,
associated with a proposed action. Such impacts could be a result of cleanup efforts in addition to
the spill itself. Should a spill contact a barrier beach, sand removal during cleanup activities would
likely be minimized because current spill-response activities discourage physical cleanup methods
that impact beach profiles. The Net Environmental Benefits Analysis done as part of the OSAT-2
report (2011) noted that the environmental impacts of residual oil remaining after cleanup are
relatively small when compared with the impacts of continued cleanup efforts on both beach habitats
and associated resources.

The impacts of oil spills and related cleanup efforts from both OCS oil- and gas-related and
non-OCS oil- and gas-related sources to the Gulf Coast depend on the size, frequency, distribution,
locations, and collective spatial and temporal features of the spills. Impacts would include stranding
of surface residue balls and patties, and submerged tar mats may persist in adjacent waters,
representing a chronic source of contamination, observed particularly after storms. Changes to
beach topography could result from cleanup efforts. Overall impacts from oil spills are expected to
be minor, with the exception of a catastrophic event, which is not considered reasonably
foreseeable and is not part of a proposed action or likely expected to occur. Impacts as a result of a
low-probability catastrophic event are discussed in the Catastrophic Spill Event Analysis white paper
(USDOI, BOEM, 2017).

Compared with other impact-producing factors on coastal barrier beaches and dunes, the
incremental contribution of Atlernative A to the cumulative impacts to these resources is expected to
be minor.
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4.3.2.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the WPA Portion of the Proposed Lease Sale Area

The impacts of this alternative would be similar to those of Alternative A, except that there
would be negligible impacts to coastal barrier beaches and dunes in Texas because no OCS
oil- and gas-related activity is forecast in the WPA along the Texas coast with this alternative. Under
Alternative B, the resulting OCS oil- and gas-related activity would be located off the coasts of
Louisiana, Mississippi, and western Florida. The greater distance between these activities and the
coastal habitats of Texas would reduce impacts along the Texas coast whether from routine
activities or accidental events. Less use of service bases in Texas is likely, and the distance
between oil spills associated with this alternative and the Texas coast is expected to be greater.
Compared with other impact-producing factors on coastal barrier beaches and dunes, the
incremental contribution of Atlernative B to the cumulative impacts to these resources is expected to
be minor.

4.3.2.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

The impacts of this alternative would be less than those under Alternative A, as only a
fraction of the resulting activity forecasted for Alternative A is projected for Alternative C. For this
alternative, there would be negligible incremental impacts to coastal barrier beaches and dunes in
Louisiana; and zero to negligible impacts to Mississippi, Alabama, and the panhandle of western
Florida; and incrementally more impacts to the beaches and dunes of Texas. However, Alternative
C would have less potential for impact than Alternative A or B as the level of projected OCS oil- and
gas-related activities and impact-producing factors are much less in the WPA. For example, a range
of 11-67 production wells are projected to be drilled and developed under Alternative C, whereas
58-464 production wells are projected to occur under Alternative B. The significance of impact-
producing factors on coastal barrier beaches and dunes would be somewhat less for Alternative C
than for Alternative A, as discussed in Chapter 2.2.2. Compared with other impact-producing
factors on coastal barrier beaches and dunes, the incremental contribution of Atlernative C to the
cumulative impacts to these resources is expected to be negligible to minor.

4.3.2.2.8 Alternative D—Alternative D—Alternative A, B, or C, with the Option to Exclude
Available Unleased Blocks Subject to the Topographic Features, Live Bottom
(Pinnacle Trend), and/or Blocks South of Baldwin County, Alabama, Stipulations

The impacts of this alternative would be nearly identical to those of the alternative it is
combined with because the available unleased blocks with topographic features do not contain
coastal barrier beaches and dunes and are too distant (over 25 km; 16 mi) from the coast to have
indirect impacts. In addition, there are only 367 blocks subject to the Topographic Features
Stipulation, 74 blocks subject to the Live Bottom (Pinnacle Trend) Stipulation, and 32 blocks subject
to the Blocks South of Baldwin County, Alabama, Stipulation. This relatively small percentage of the
total number of available unleased blocks would not be expected to generate a great contribution to
OCS oil- and gas-related activity, if leased.
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4.3.2.2.9 Alternative E—No Action

If a proposed lease sale does not occur, there would be no additional impacts to barrier
beaches and associated dunes; however, cumulative impacts would be the same as for
Alternative A. There could be some incremental increase in impacts caused by a compensatory
increase in imported oil and gas to offset reduced OCS production, but it would likely be negligible.

4.4 DEEPWATER BENTHIC COMMUNITIES

This chapter presents an analysis of the potential impacts on deepwater benthic
communities as a result of routine activities and accidental events associated with a GOM proposed
action and a proposed action’s incremental contribution to cumulative impacts. The analysis is not
exhaustive of all possible impacts of routine activities and accidental events; rather, it focuses on
those most relevant for decisionmakers. Potential impacts from a catastrophic oil spill, including
long-term impacts and recovery, are detailed in the Catastrophic Spill Event Analysis white paper
(USDOI, BOEM, 2017). “Deep water” is a term of convenience used in this analysis to refer to water
depths >300 m (984 ft). BOEM defines “deepwater benthic communities” as including both
chemosynthetic communities (chemosynthetic organisms plus seep-associated fauna) and
deepwater coral communities (deepwater coral plus coral-associated fauna).

Chemosynthetic communities are based on the presence of various organisms that do not
depend on photosynthetic processes for metabolism. In the GOM, they are formed around natural
hydrocarbon seepages where chemosynthetic bacteria consume methanes and sulfides and
chemosynthetically derive amino acids and sugars for respiration, and then excrete carbon dioxide
that may result in calcium carbonate precipitation. Eventually, sufficient precipitates can form hard
carbonate substrates on which higher order megafauna such as structure-forming deepwater
sponges and corals can settle. Relatively large numbers of invertebrate and fish species (refer also
to Chapter 4.7) may be attracted to structurally complex microhabitats, which can provide shelter,
feeding areas, and nursery grounds (Fraser and Sedberry, 2008). Over 330 chemosynthetic
communities have been confirmed in the GOM to date (for spatial distribution, refer to Figure 4-11 in
Chapter 4.4.1.1 below). More communities likely exist, but much of the seafloor has not yet been
visually surveyed to allow direct observation. Much is still unknown about chemosynthetic
communities, despite increasing research in recent decades.

Deepwater coral communities are known to occur throughout the GOM (Figure 4-10) and
new communities are routinely discovered with almost every new deepwater research cruise
(USDOC, NOAA, 2014a). As with shallow-water live bottom communities (Chapter 4.6), most GOM
deepwater corals require exposed hard substrate for attachment and growth. They often co-occur
on authigenic substrates (substrates that have been generated where they are found) created by
chemosynthetic processes; however, they also routinely colonize other natural or artificial hard
substrates not associated with hydrocarbon seepage. In addition to hard and soft deepwater corals,
these communities include other associated sessile and motile benthic megafauna such as sponges,
anemones, echinoderms, crustaceans, and fishes.
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Figure 4-10. Deepwater Coral Records from NOAA's National Deep-Sea Coral and Sponge
Database (USDOC, NOAA, 2014a).

Impact Analysis Process and Scope

The impact significance criteria and resulting conclusions presented in Table 4-11 focus on
the overall functioning, resilience, and ecosystem level importance of deepwater benthic
communities throughout U.S. waters of the GOM. The potential magnitude of impact for each of
these impact-producing factors that are reasonably foreseeable is provided in Table 4-11 to help the
reader quickly identify the level of potential impacts for each impact-producing factor, shown in the
table both with and without the anticipated BOEM mitigations to make clear the considerable
difference that results from these mitigations. The impact-level definitions and the analyses
supporting these conclusions are then discussed in detail in this chapter. Postlease, site-specific
analyses would focus more on potential localized impacts of individual development activities (e.g.,
proposed drilling of a well) to individuals, discrete communities, and small patches of benthic habitat.
Those analyses would also detail site-specific protective mitigations required prior to approval of
such activities.

Table 4-11. Deepwater Benthic Communities Impact-Producing Factors That are Reasonably
Foreseeable.

Deepwater Benthic
Communities

Impact-Producing
Factors

Magnitude of Potential Impact’

Alternative A | Alternative B | Alternative C | Alternative D | Alternative E

Routine Impacts
Bottom-Disturbing Activities and Dirilling-related Sediment and Waste Discharges
With Mitigation Negligible Negligible Negligible Negligible None
Minor to Minor to Minor to Minor to

Without Mitigation - - None
Major Moderate Moderate Major
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Accidental Impacts
Bottom-Disturbing Activities and Drilling-Related Sediment and Operational Waste Discharges
Negligible to | Negligible to | Negligible to Negligible to
With Mitigation il e L 919 None
Minor Minor Minor Minor
Minor to Minor to Minor to Minor to
Without Mitigation - - None
Major Moderate Moderate Major
Oil Spills
With Mitigation Negligible to Negligible to Negligible to Negligible to None
Minor Minor Minor Minor
) L Minor to Minor to Minor to Minor to
Without Mitigation . .
Major Moderate Moderate Major None
Cumulative Impacts
Incremental - - .. .
Contribution? Negligible Negligible Negligible Negligible None
Negligible to
OCS Oil and Gas® 99
Minor
NonZOCS Oil and Negligible to
Gas Major

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”
chapter below.

2 This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.

* This includes other past, present, and reasonably foreseeable future activities occurring within the
same geographic range and within the same timeframes as a proposed action, but they are not
related to the OCS Oil and Gas Program.

Impact-Level Definitions

For this analysis, the following definitions were used to categorize impacts to deepwater
benthic communities:

e Negligible — Impacts to deepwater benthic communities are largely
undetectable. There is some potential for even undetectable impacts to cause
slight changes to a local community’s species abundance and composition,
community structure, and/or ecological functioning, but any such changes would
be spatially localized, short term in duration, and would not alter the overall
status of GOM deepwater benthic communities.

e Minor — Impacts to deepwater benthic communities are detectable but cannot be
clearly distinguished from natural variation. Such impacts could result in
changes to a local community’s species abundance and composition, community
structure, and/or ecological functioning, but would be spatially localized, short
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term in duration, and would not alter the overall status of GOM deepwater
benthic communities.

e Moderate — Impacts to deepwater benthic communities detectably cause
substantial, population-level changes in species composition, community
structure, and/or ecological functioning. These impacts would be expected to be
spatially extensive but are expected to only temporarily alter the overall status of
GOM deepwater benthic communities; long-term recovery to pre-impact levels is
likely.

e Major — Impacts to deepwater benthic communities detectably cause substantial,
population-level changes in species composition, community structure, and/or
ecological functioning. These impacts would be expected to be spatially
extensive and noticeably alter the overall status of GOM deepwater benthic
communities such that long-term recovery to pre-impact levels is unlikely.

Because of the similarity and overlap of the effects of many activities that occur in the OCS,
the primary, reasonably foreseeable routine and accidental impact-producing factors for deepwater
benthic habitats can be grouped into three main categories:

(1) bottom-disturbing activities (Chapter 3.1.3.3.2; routine and accidental);

(2) drilling-related sediment and waste discharges (Chapter 3.1.5.1; routine and
accidental); and

(3) oil spills (Chapter 3.2.1; accidental).

Cumulative Impacts were also considered, in two steps: impacts resulting from OCS oil- and
gas-related activities (same as routine activities and accidental events); and impacts resulting from
non-OCS oil- and gas-related sources, namely fishing and climate change.

Some impact-producing factors relevant to deepwater benthic communities are already
analyzed in greater detail in other sections and need only be briefly summarized here. Chapter 4.7
(Fishes and Invertebrate Resources) details the potential impacts to marine invertebrates from
anthropogenic sound and concludes the impact would be negligible. Note that despite the growing
body of information available for fishes, there is comparatively little information available on sound
detection and sound-mediated behaviors for marine invertebrates. Chapter 4.7 (Fish and
Invertebrate Resources) also details the impacts of routine activities and the cumulative impacts
from the presence and subsequent removal of OCS oil- and gas-related infrastructure. These
impacts include the post-installation physical presence of OCS oil- and gas-related infrastructure,
effects of decommissioning activities such as explosive and nonexplosive removals, and conversion
of platforms to artificial reefs. While the total contribution of OCS infrastructure is still only a small
percentage of natural hard bottoms (Gallaway et al., 2009), and is projected to further decrease
throughout the period covered by this analysis (Chapter 3.3.1.5), the presence, removal, and/or
conversion of artificial hard substrates colonized by sessile invertebrates are likely to result in
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localized community changes, such as changes in species diversity in the area (Schroeder and
Love, 2004). While individual presence, removal, or conversion actions at specific locations do not
cause more than negligible impacts when considered against the broader scope of this analysis,
when the sum of such actions are considered cumulatively for all planning areas and over 50 years,
such impacts could be greater for individual species . This is because select sessile benthic species
commonly associated with OCS oil and gas structures could be noticeably influenced over time by
the overall presence (or removal) of OCS oil- and gas-related infrastructure. For example, a
particular deepwater coral species’ Gulfwide spatial distribution may shift over time because of the
presence or removal of structures in otherwise soft bottom-dominated areas. Such a change (were
it to occur) could be considered a moderate level impact for that species If it represented a
detectable change in the species’ spatial distribution, such a range shift might have potential
long-term effects related to dispersal and genetic connectivity to other populations of that species.
Such potential impacts are not necessarily either positive or negative; that would be dependent on
the species and a number of complex ecological factors. Some evidence of these types of changes
(in particular, range expansion) has been documented for some shallow-water hermatypic species
(Sammarco et al., 2012), but similar research specific to deepwater coral is lacking, as noted in the
“Incomplete or Unavailable Information” section below. More peer-reviewed literature about this
topic is available for fish resources, as detailed in Chapter 4.7.

Several additional impact-producing factors described in Chapter 3.1 were evaluated for
potential impacts on deepwater benthic communities. These impact-producing factors were not
carried forward for full analysis because any potential effects were judged to be either not
reasonably foreseeable or having such a miniscule impact that they would not rise to the level of
negligible impact. These impact-producing factors include surface oil-spill response efforts (refer to
Chapter 4.6.1, Topographic Features), impacts from geological and geophysical activities other than
bottom disturbance (bottom disturbance is covered below), and potential impacts from a sinking
vessel. A sinking vessel settling on a deepwater benthic community is not a reasonably foreseeable
impact-producing factor. Even if such an incident did occur, it would not have a population-level
impact despite likely crushing or smothering deepwater benthic organisms in the local area of direct
contact.

Some potential impact-producing factors are already regulated by other Federal agencies
and/or international treaties. For example, the discharge of marine debris is subject to a number of
laws and treaties (refer to Chapter 3.2.7). These include the Marine Debris Research, Prevention,
and Reduction Act; the Marine Plastic Pollution Research and Control Act; and the MARPOL-
Annex V Treaty. Regulation and enforcement of these laws is conducted by a number of agencies
such as the U.S. Environmental Protection Agency, NOAA, and the U.S. Coast Guard. To further
reduce potential impacts, the BSEE provides information on marine debris and requires training of all
OCS personnel through the “Marine Trash and Debris Awareness and Elimination” NTL (NTL 2015-
BSEE-GO03). This NTL instructs OCS operators to post informational placards that outline the legal
consequences and potential ecological harm of discharging marine debris. This NTL also states that
OCS workers should complete annual marine debris prevention training; operators are also
instructed to develop a certification process for the completion of this training by their workers.
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Historically, compliance with this NTL has been mandatory as a result of the Protected Species
Stipulation that has been applied at the lease sale stage. These various laws, regulations, and NTL
would likely minimize any potential damage to live bottom resources from the discharge of marine
debris related to OCS oil- and gas-related operations. Nonetheless, some accidental release of
marine debris is still likely to occur as a result of OCS oil- and gas-related operations and could
theoretically have limited effects on deepwater benthic organisms (e.g., physical damage caused by
strong currents pushing debris into fragile organisms or ingestion of plastics by invertebrates).
However, the amount of debris in question would not suffice to cause even negligible impacts when
considered at the scale of the overall population of deepwater benthic communities in the GOM.
One possible exception would be frequent accidental losses of very large items such as pipeline
segments with the potential to crush or smother organisms. That impact-producing factor is briefly
discussed under “Accidental Events: Bottom-Disturbing Activities” below, even though any such
losses are expected to be very rare. In all cases, the likelihood of spatial overlap with debris from
OCS oil- and gas-related vessels or infrastructure is inherently small due to the relatively rare and
patchy distribution of live bottom communities in the GOM, particularly in areas of the western and
northern GOM, which have the greatest amount of OCS oil- and gas-related operations.

Another potential impact-producing factor that is largely governed by (and potential impacts
reduced by) external regulations is the potential presence of toxins in drilling muds and cuttings
and/or produced waters (Chapter 3.2.6). Because of the regulations issued by the USEPA and/or
international treaties designed to keep toxins below harmful levels, hazardous levels of toxins are
generally not expected to reach deepwater benthic communities. Nonetheless, potential impacts
from toxins are briefly discussed under “Routine Activities” below.

Historical Protections of Deepwater Benthic Communities

Protective measures have been developed over time based on the nature and sensitivity of
various benthic habitats and their associated communities, as understood from decades of BOEM-
funded and other environmental studies. NTL 2009-G40, “Deepwater Benthic Communities,”
provides operators with relevant information and consolidates guidance for the avoidance and
protection of the various types of potentially suitable habitat for chemosynthetic organisms and
deepwater coral. As detailed in NTL 2009-G40, all plans submitted for permitted deepwater (300 m
[984 ft] or greater) activities are reviewed for the presence of deepwater benthic communities that
may be impacted by the proposed activity. Lessees must provide site-specific survey and narrative
information regarding sensitive benthic features with each exploration plan (EP), development
operations coordination document (DOCD), and development and production plan. These plans are
reviewed by subject-matter experts on a case-by-case basis to determine whether a proposed
operation could impact a benthic community. If an impact from drilling or other seafloor disturbance
(e.g., anchors, anchor chains, rig emplacement, pipeline emplacement) is judged likely based on
site-specific information derived from the geohazard survey data, BOEM’s databases and studies,
other published research, or another creditable source, the operator would be required to relocate
the proposed operation (i.e., distancing) or undertake other appropriate mitigations to prevent such
an impact. As detailed above, BOEM’s subject-matter experts make use of the best available
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datasets to identify probable habitat that could support deepwater chemosynthetic and coral
communities, including BOEM’s publicly available database of water-bottom anomalies (USDOI,
BOEM, 2015b). This analysis assumes continuation of the protective measures outlined in NTL
2009-G40.

4.4.1 Description of the Affected Environment
Gulf of Mexico Continental Slope and Deepwater Biological Resources

The northern GOM’s continental slope region has been described as the most complex in the
world (Carney, 1997 and 1999; Rowe and Kennicutt, 2009). It is a transitional environment
influenced by processes of both the shelf (<650 ft; 200 m) and the abyssal GOM (>3,199 ft; 975 m).
This transitional character applies to both the pelagic and the benthic realms. Regional topography
of the slope consists of basins, knolls, ridges, and mounds derived from the dynamic adjustments of
salt to the introduction of large volumes of sediment over long time scales.

Deepwater environments of the GOM have only been well studied in recent decades.
Historically, there have been relatively few studies due to the logistical difficulties involved in
deepwater research. The first substantial collections of deep GOM benthos were made during the
cruises of the USCG and Geodetic Steamer, Blake, between 1877 and 1880. Rowe and Menzel
(1971) reported the first quantitative data published about GOM infauna for this region. Texas A&M
University researchers performed the first major study of the deep northern GOM between 1964 and
1973 (Pequegnat, 1983). A more recent study was completed by LGL Ecological Research
Associates and Texas A&M University in 1988 (Gallaway et al., 1988). The major Northern Gulf of
Mexico Continental Slope Habitats and Benthic Ecology Study (Rowe and Kennicutt, 2009) lasted
6 years. The recent studies provide extensive background information on deepwater GOM habitats
and biological communities relevant to this analysis and can be referenced for more detail.

The proposed lease sale area encompasses a vast range of habitats and water depths. The
shallowest portions start nearshore at the boundary of State waters, and the deepest portions extend
to approximately 11,483 ft (3,500 m) south of the Sigsbee Escarpment (which is centrally located in
the Gulf of Mexico), nearly into the deepest part of the GOM (14,383 ft; 4,384 m). De Soto and
Mississippi Canyons are perhaps the two most notable geologic seafloor features in the northern
GOM, exerting control over water currents, upwelling features, and biological productivity. The
sediment-laden freshwater plume from the Mississippi River and the Gulf Loop Current are the major
controlling oceanographic factors in the GOM.

As noted in the introduction, “deep water” is a term of convenience used in this analysis to
refer to water depths >300 m (984 ft). The majority of deepwater seafloor in the GOM is typically
covered by clay and silt (Jenkins, 2011). In, on, and directly above these sediments live a wide
variety of “benthos,” or benthic organisms, from microbiota up through megafauna. Their ecological
adaptations are extremely varied and can include absorption of dissolved organic material,
symbiosis, collection of food through filtering, mucous webs, seizing, or other mechanisms, including
chemosynthesis.



4-122 Gulf of Mexico Multisale EIS

Deepwater fauna can be grouped into major assemblages defined by depth: (1) upper
slope; (2) mid-slope; (3) lower slope; and (4) abyssal plain (Rowe and Kennicutt, 2009). The 450-m
(1,476-ft) depth contour delimits the approximate beginning of the aphotic zone where visible light no
longer penetrates and where photosynthesis cannot occur, with resultant changes to processes of
food consumption, biological decomposition, and nutrient regeneration. The continental shelf-slope
transition zone begins at approximately 150 m (492 ft) and the abyssal zone begins at approximately
21,000 m (3,281 ft). The different zones can be subdivided into the following divisions and
characteristic faunal assemblages:

e Shelf-Slope Transition Zone (150-450 m; 492-1,476 ft)}—A very productive part of
the benthic environment. Demersal fish are dominant, many reaching their
maximum populations in this zone. Asteroids, gastropods, and polychaetes are
common.

e Archibenthal Zone — Horizon A (475-740 m; 1,558-2,428 ft)—Although less
abundant, demersal fish are a major constituent of the fauna, as are gastropods
and polychaetes. Sea cucumbers are more numerous.

e Archibenthal Zone - Horizon B (775-950 m; 2,543-3,117 ft)—This zone
represents a major change in the number of species of demersal fish, asteroids,
and echinoids, which reach maximum populations here. Gastropods and
polychaetes are still numerous.

e Upper Abyssal Zone (1,000-2,000 m; 3,281-6,562 ft}—Number of fish species
decline while the number of certain invertebrate species appear to increase. Sea
cucumbers and galatheid crabs are common

e Mesoabyssal Zone (2,300-3,000 m; 7,546-9,843 ft)—Fish species are few, and
echinoderms continue to dominate the megafauna.

e Lower Abyssal Zone (3,200-3,800 m; 10,499 to 12,468 ft)—A large asteroid is
the most common megafaunal species.

e The lowermost layer is the benthic zone, defined as the seafloor itself and the
waters immediately above it. This zone is a repository of sediments where
nutrient storage and regeneration take place in association with the solid and
semisolid substrate (Pequegnat, 1983). Characteristic fauna may be different
depending on the actual depth of the seafloor.

The vast majority of the GOM seabed is comprised of soft sediments (Rezak et al., 1983;
Jenkins, 2011). Sediments in the EPA consist primarily of sand, while a more heterogeneous mix of
sand, silt and clay sediments are found in the CPA and WPA (Brooks and Darnell, 1991). Grain size
is the most important substrate characteristic affecting the distribution of benthic fauna (Vittor, 2000).
Major groups of animals that live in sediments include (1) megafauna (visible to the naked eye),
(2) macrofauna (>0.01 in; 0.3 mm), (3) meiofauna (0.002-0.01 in; 0.063-0.3 mm), and (4) bacteria
and other microbiota. All of these groups are represented throughout the entire GOM - from the
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continental shelf to the deepest abyssal depths. This analysis focuses on the better known
megafauna and their habitats.

4.4.1.1 Chemosynthetic Communities

Chemosynthetic communities begin with chemosynthetic bacterial mats that consume
methane and sulfides; their respiration results in the precipitation of calcium carbonate, forming a
new, hard substrate. Certain deepwater coral and sponge species can then attach to exposed hard
substrates, thereby adding to the structural complexity of the microhabitat. The new benthic habitats
provided by chemosynthetic fauna themselves (i.e., tubeworm bushes), the precipitated hard
substrates, and the framework-forming corals can all be used by a variety of benthic invertebrates,
including echinoderms (e.g., brittle stars and basket stars), sea anemones, crustaceans, and other
benthic megafauna such as fishes, forming a broader chemosynthetic community.

The GOM has some of the most active natural oil and gas seeps in the world (refer to
Chapter 3.3.2.9.2; NRC, 2003), and these seeps can support development of complex deepwater
faunal communities (MacDonald et al., 1993; Cordes et al., 2010). The food chain for this
ecosystem relies on bacterial primary producers that consume methanes and sulfides rather than
performing photosynthesis. Chemosynthetic bacteria, which live on mats, in sediment, and in
symbiosis with chemosynthetic invertebrates, use a carbon source independent of photosynthesis to
make sugars and amino acids. Chemosynthetic invertebrates including tube worms and bivalves
occur at or near hydrocarbon seeps and are dependent upon these symbiotic chemosynthetic
bacteria as their primary food source (MacDonald, 1992). The bacteria live within specialized cells
in the invertebrate organisms and are supplied with oxygen and chemosynthetic compounds by the
host via specialized blood chemistry (Fisher, 1990). The host, in turn, lives off the organic products
subsequently released by the chemosynthetic bacteria and may even feed on the bacteria
themselves.

Distribution and Detection

Chemosynthetic communities typically occur in the GOM at water depths greater than 300 m
(984 ft). Temperatures at these depths range from about 55°F to 39°F (13°C to 4°C). Water
currents at the seafloor are typically about 2-4 inches/second (5-10 centimeters/second). The
chemosynthetic communities occur as widely scattered, patchy habitat, developing where
hydrocarbons seep up with a moderate flow.

Seeps occur where hydrocarbons vertically migrate up through faults, fractures along the
flanks of salt, or other conduits to the seafloor. The exact number of natural oil prone seeps in the
GOM is not known, although volume estimates have been made using surface oil slicks and the
numbers are considerable (MacDonald et al., 1993; NRC, 2003). Even less is known about the
number and flux of gas prone seeps in the GOM since no observable sea-surface slicks are present.
What is known is that the overwhelming majority of seeps are gas prone, not oil prone. Hydrocarbon
source rocks occur over broad areas several kilometers beneath the seafloor of the GOM, but
chemosynthetic communities occur in isolated areas at the seafloor. Seepage from deep
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hydrocarbon sources through subsurface conduits tends to be focused through the sediments,
carbonate outcrops, and hydrate deposits at the seafloor. Therefore, GOM hydrocarbon seep
communities tend to be larger (a few hundred meters wide) than chemosynthetic communities found
around the hydrothermal vents of the Eastern Pacific (MacDonald, 1992).

As of 2015, at least 330 chemosynthetic communities have been confirmed (by government,
academia, and industry) to exist in the Gulf of Mexico (Figure 4-11). Chemosynthetic communities
dependent on hydrocarbon seepage have been documented in water depths as shallow as 951 ft
(290 m) (Roberts et al., 1990) and at least as deep as 9,000 ft (2,743 m) (Roberts et al., 2010). But
these known depth limits may only be reflective of the current limits of exploration due to the logistic
difficulties of deepwater research; relatively few available submersibles are capable of exploring
deeper than 3,281 ft (1,000 m). Given the rapid rate of discovery and improved understanding in
recent years, the evidence suggests chemosynthetic communities could be more prevalent than
once thought.

Figure 4-11. Estimated Distribution of Known Deepwater Benthic Communities in the Gulf of
Mexico as of 2015.

Hydrocarbon seeps and chemosynthetic communities living on them modify the near-surface
geological characteristics in ways that can be remotely detected, such as through 2D and
3D seismic anomaly detection (USDOI, BOEM, 2015b). These known sediment modifications
include the following: (1) precipitation of authigenic carbonate in the form of interstitial cements,
micronodules, nodules, or rock masses; (2) formation of gas hydrates; (3) modification of sediment
composition through concentration of hard chemosynthetic organism remains (such as shell
fragments and layers); (4) formation of interstitial gas bubbles or hydrocarbons; and (5) formation of
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depressions or pockmarks by gas expulsion. These features give rise to various detectable acoustic
effects (details in Behrens, 1988; Roberts and Neurauter, 1990). Potential locations for most types
of communities can be estimated by careful interpretation of these various geophysical modifications
(Sager, 1997) and can help direct and focus follow-up visual surveys needed to definitively confirm
the presence or absence of chemosynthetic communities.

BOEM’s subject-matter experts make use of the best available datasets to identify probable
habitat that could support deepwater benthic communities. A primary such dataset is BOEM'’s
publicly available database of water-bottom anomalies (USDOI, BOEM, 2015b). Using decades of
3D seismic amplitude data, BOEM geoscientists have identified and mapped over 31,000 water-
bottom (seafloor) acoustic amplitude anomalies covering a majority of the deep waters in the
northern Gulf of Mexico (Figure 4-12). One of the purposes of this effort is to better understand the
distribution of natural hydrocarbon seeps and related chemosynthetic communities and deepwater
coral communities. The areas of anomalously high or low seafloor reflectivity have been classified
into general categories of seafloor features, including those that are thought to support
chemosynthetic and deepwater coral communities (USDOI, BOEM, 2015b). As of 2015, BOEM was
aware of a total of 332 seep anomalies that have been visually confirmed through photography,
video, and manned submersible dives to contain associated chemosynthetic and/or coral
communities (Figure 4-12, shown in orange); however, that relatively low number is largely due to a
lack of visual survey effort required for definitive visual confirmation. Several of the other anomaly
categories may also contain potential habitat capable of supporting deepwater chemosynthetic and
coral communities. Additional information is being collected and analyzed by BOEM'’s geoscientists
and provided to BOEM'’s subject-matter experts on an ongoing basis.

Figure 4-12. BOEM's Water Bottom Seismic Anomaly Database Showing Grouped Anomaly
Categories Thought Likely to Support Deepwater Benthic Communities (shown
in orange) and Those That Generally Do Not (shown in purple)
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Biology

MacDonald et al. (1990) described four general community types: (1) tube worms;
(2) mussels; (3) clams at the seafloor surface; and (4) burrowing clams. These faunal groups tend
to display distinctive characteristics in terms of how they aggregate, the size of aggregations, the
geological and chemical properties of the habitats in which they occur, and (to some degree) the
heterotrophic fauna associated with them. Individual tube worms can reach lengths of over 10 ft
(3 m) and live hundreds of years (Fisher et al.,, 1997). Average growth rates determined from
marked tube worms have been variable, but they average approximately 7.1 millimeters/year
(0.28 inches/year) for some species. Tube worm spawning and recruitment is episodic. Mytilid
mussels have been found to reach reproductive age relatively quickly, with growth rates slowing in
adulthood (Fisher, 1995). These factors lead to long-lived individuals and communities. Powell
(1995) estimated that some clam and mussel communities at chemosynthetic sites have been
present in the same location for between 500 and 4,000 years, with most communities showing no
evidence of changes in the dominant faunal organisms over time. Local extinctions and
recolonizations are likely gradual and rare.

Other common heterotrophic organisms often found at chemosynthetic community sites
include a variety of mollusks, crustaceans, and echinoderms (Carney, 1993). Extensive mats of
free-living bacteria are also evident at hydrocarbon seep sites. These bacteria may compete with
the major fauna for sulfide and methane energy sources and may also contribute substantially to
overall production (MacDonald, 1998). Some of the species found at GOM seep communities are
new to science and remain undescribed.

Persistence

According to Sassen (1998), the role of naturally occurring methane hydrates to influence the
morphology and characteristics of chemosynthetic communities has been greatly underestimated.
Gas hydrates are a unique and poorly understood class of chemical substances. The dynamics of
hydrate alteration could play a major role in the release of hydrocarbon gases to fuel biogeochemical
processes and could influence community stability (MacDonald, 1998). Changes in bottom-water
temperature of several degrees (39-41 °F [4-5 °C] at 1,640-ft [500-m] depth) may result in
dissociation of hydrates and an accompanying increase in gas fluxes (MacDonald et al., 1994).
Although not as destructive as the volcanism at vent sites 0° the mid-ocean ridges, the dynamics of
shallow hydrate formation and movement could clearly affect sessile animals around the seepage
barrier because of the potential for an entire layer of shallow hydrate to break free of the bottom,
which would result in considerable impacts to local communities of chemosynthetic fauna. At deeper
depths (>3,281 ft; >1,000 m), the bottom-water temperature is colder and undergoes less fluctuation.

Precipitation of authigenic carbonates and other geologic events would alter surface
seepage patterns and available substrates over periods of only a few years. However, through
taphonomic (death assemblages of shells) studies and interpretation of seep assemblage
composition from cores, Powell (1995) reported that, overall, seep communities were persistent over
periods of 500-4,000 years. Powell found few cases in which the community type changed (from
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mussel to clam communities, for example) over time. When recovery occurred after a past
destructive event, the same chemosynthetic species reoccupied a site. MacDonald et al. (1995)
observed no changes in chemosynthetic fauna distribution or composition at seven separate study
sites. In the case of one well-known chemosynthetic community (Bush Hill), no mass die-offs or
large-scale shifts in faunal composition were observed over 12 years of research.

4.4.1.2 Deepwater Coral Communities

Deepwater corals are sessile invertebrates in the phylum Cnidaria. They live at great depths
(as deep as 10,000 ft [3,048 m] in some cases) where there is little to no light. As with the better
known shallow-water corals, deepwater corals are colonial animals. Individual polyps extend
tentacles into passing currents to feed on nutrients, which can be relatively scarce at depth. Energy
supply is further limited by the lack of light-dependent mutualistic zooxanthellae algae that benefit
many shallow-water coral species. As a result, deepwater coral colonies grow very slowly; colonies
may live to be hundreds or even thousands of years old (USDOC, NOAA, 2014a).

Deepwater corals are found in all the world’s oceans and actually have a higher overall
diversity of species than shallow-water coral (Cairns, 2007). Yet it is only in recent decades that
they have become a focus of scientific research (Freiwald et al., 2004) and management concern
(USDOC, NOAA, 2014a; CSA, 2002), as anthropogenic threats such as bottom disturbance (e.g.,
from fishing gear) have become more clear. Their very slow growth rates and fragile skeletal
structures make them especially vulnerable to physical disturbance. Once damaged, deepwater
corals and the associated communities they support may take centuries to fully recover (USDOC,
NOAA, 2014a), which is why mitigation efforts aim to prevent any direct physical contact.

In the GOM, almost all deepwater corals are found attached to exposed surfaces of hard
substrates. These substrates include chemosynthetically produced carbonate substrates (Chapter
4.4.1.1), but they can also include exposed sedimentary bedrock and even artificial structures such
as shipwrecks and oil platforms.

Some species of deepwater corals and sponges are known to create large, three-
dimensional structures, which are sometimes referred to as deepwater reefs. Some of these have
grown many feet tall over time. Structure-forming corals include branching scleractinian species,
Antipatharians (black corals) and gorgonians (sea whips/sea fans). Lophelia pertusa, the most well-
known scleractinian deepwater coral, can form vast reef-like thickets that can stretch to over 3,280 ft
(1,000 m) in surface extent. In a historic 1955 trawl collection from a depth of 1,381-1,680 ft
(421-512 m), Moore and Bullis (1960) retrieved more than 300 pounds (136 kilograms) of Lophelia
pertusa from the Viosca Knoll area in the CPA.

Similar to shallow-water live bottom microhabitats (Chapter 4.6), deepwater coral
microhabitats enhance the structural complexity of the local environment, providing shelter, feeding
sites, and nursery grounds that are attractive to a large variety of other invertebrates and fishes,
including a few commercially harvested species (Schroeder et al., 2005; Fisher et al., 2007; Fraser
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and Sedberry, 2008; Sulak et al., 2008; Cordes et al., 2008; USDOC, NOAA, 2014a; Hourigan,
2014). Common crustaceans include golden crab (Chaceon fenneri) and squat lobster (Eumunida
picta). Common echinoderms include brittle stars (order Ophiurida) and baskets stars (order
Euryalida). Deepwater reef-associated fish are known to include barrelfish (Hyperoglyphe
perciformis), wreckfish (Polyprion americanus), and snowy grouper (Epinephelus niveatus) at
shallower locations and blackbelly rosefish (Helicolenus dactylopterus), roughys (Hoplotsethus spp.),
and thornyheads (Sebastolobus spp.) at deeper sites (Hourigan, 2014; refer to Chapter 4.7).

Distribution

Distribution of individual deepwater coral and associated species assemblages is influenced
by depth, available substrate, and other environmental conditions such as bottom currents. At least
six different types of octocoral assemblages occur in the deep northwestern Gulf and the West
Florida Slope at depths of 820-8,200 ft (250-2,500 m). The black coral, Leiopathes spp., appears
broadly distributed across both regions. Although Lophelia pertusa is best represented in water
depths of the upper slope, it has occasionally been reported as deep as 9,842 ft (3,000 m) in some
parts of the world.

The NOAA’'s Deep Sea Coral Research and Technology Program and NOAA’s National
Centers for Coastal Ocean Science have been continuously compiling a detailed national database
of known observations of deepwater corals and sponges (USDOC, NOAA, 2014a and 2015j)
(Figures 4-10 and 4-11), but these confirmed visual observations likely represent only a fraction of
the populations. Deepwater research cruises, for example those undertaken by NOAA’s deep-sea
research vessel Okeanos Explorer, routinely discover additional deepwater coral locations.
However, even with ongoing additions of observation records, the majority of deepwater coral
communities would not be directly observed and documented in the near future due to the inherent
logistical difficulties of deepwater research and data collection.

Therefore, extrapolative analyses such as one undertaken by NOAA (Figure 4-13) have also
included efforts to predictively model suitable habitat for deepwater coral and sponges, based on
existing observation records combined with the best available physical datasets. These models can
serve as an important tool to help identify where deepwater coral communities are likely to be found
and to help focus future data collection and research efforts. For example, based in part on previous
databases and models, the Gulf of Mexico Fishery Management Council (GMFMC) is currently
evaluating advisory panel recommendations to designate up to 47 new, small areas as deepwater
coral Habitat Areas of Particular Concern (CSA, 2002). Future research, including a planned
BOEM-funded study (Interagency Agreement #M15PG00020), may improve on previous deepwater
coral modeling and expand to include chemosynthetic communities.
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Figure 4-13. Example of a Predictive Habitat Suitability Model for Selected Deepwater,
Framework-Forming Scleractinian Corals (excerpted with permission from
USDOC, NOAA, 2014a).

4.4.2 Environmental Consequences
4.4.2.1 Routine Activities

A number of routine OCS oil- and gas-related impact-producing factors may cause adverse
impacts to deepwater benthic communities. As noted above, some factors with only minimal
impacts are presented in greater detail in other chapters, and full analyses are not repeated here.
The potential routine impact-producing factors on deepwater benthic habitats analyzed here are
grouped into two main categories having similar impacts: (1) bottom-disturbing activities; and
(2) drilling-related sediment and waste discharges. These impact-producing factors have the
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potential to damage deepwater benthic habitats and disrupt associated communities if not
sufficiently distanced via mitigations.

Bottom-Disturbing Activities

Bottom-disturbing activities can be described as any activities that result in the physical
disturbance of the seafloor during the exploration, production, or decommissioning phase of OCS
operations (refer to Chapters 3.1.2, 3.1.3.3, and 3.1.6). Anchoring, drilling, trenching, pipe-laying,
and structure emplacement and removal are examples of OCS oil- and gas-related activities that
disturb the seafloor (refer to Chapters 3.1.3.3 and 3.1.6). The spatial extent of the seafloor
disturbance and the magnitude of the effect on deepwater benthic organisms would depend on the
specific activity, local environmental conditions (e.g., currents, water depth, etc.), and species-
specific behaviors and habitat preferences.

Turbidity from suspended sediments, along with sediment displacement resulting from
routine, bottom-disturbing oil- and gas-related activities, generally has localized effects. Impacts to
deepwater benthic communities could include any or all of the following: reduced settlement and
growth opportunities due to loss of available hard substrate; inhibited feeding leading to reduced
reproductive fithess; and mortality of individuals (e.g., coral polyps and 1 or 2 tubeworms) and
groups (e.g., entire coral colonies and tubeworm “bushes”). Reductions in overall biological cover
could have secondary ecological effects on organisms that were using the complex structural
microhabitats, for example the loss of a shark spawning ground (some sharks deposit eggs in
deepwater coral [Etnoyer and Warrenchuk, 2007]) that reduces future shark populations. Some
mobile invertebrates (e.g., brittle stars) are expected to be able to move to avoid the heaviest
sediment displacement and highest suspended sediment loads within 33 ft (10 m) of a disturbance,
while sessile invertebrates (e.g., corals) cannot. Sessile and mobile invertebrate species adapted to
living in turbid environments, such as many gorgonians, may be less affected by increased turbidity.
Such organisms may also be adapted to remove some covering sediment via tentacle motion and
mucus secretion (Shinn et al., 1980; Hudson and Robbin, 1980). Other species that typically inhabit
less turbid waters would suffer relatively greater impacts (Rogers, 1990; Gittings et al., 1992a).
Solitary octocorals and gorgonians may be tolerant of a certain amount of sedimentation, partly
because they grow tall and are flexible, reducing sediment accumulation and allowing for easier
removal (Marszalek, 1981; Torres et al., 2001; Gittings et al., 1992a), but are not completely resilient
to impacts (Doughty et al., 2014).

The OCS oil- and gas-related infrastructure/equipment also has the potential to damage or
kill deepwater benthic organisms should the equipment itself make direct contact. Any object placed
on or through (e.g., a piston-driven core sampler) a deepwater benthic organism or supporting
substrate can cause partial or complete breakage, crushing, or smothering. In addition to mortality,
there could be any or all of the potential sublethal impacts already described above in relation to
turbidity and sediment displacement. The severity of community impacts from direct physical
contact would vary in direct proportion to the surface area and mass of the specific equipment. For
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example, the placement of a large bottom-founded platform on a deepwater benthic community
would have a much greater impact than placement of a small umbilical cable.

Similarly, anchor damage is one of the greatest threats to benthic biota in the GOM if it is not
prevented (Rezak and Bright, 1979; Rezak et al., 1985; Gittings et al., 1992a; Hudson et al., 1982).
Anchors may break, fragment, or overturn tubeworms, bivalves, corals, sponges, or any other
sessile benthic organisms, and the anchor chain or cable may drag across and shear organisms off
the substrate (Dinsdale and Harriott, 2004). This would result in consequences ranging from
increased stress to mortality (Dinsdale and Harriott, 2004). The impact of dragging an anchor
across a deepwater benthic community would depend on the distance and duration of bottom
contact, but it could be considerable due to the forces involved; dragged anchors often leave
seafloor scars noticeable on sidescan sonar imagery years later. Damage to a coral community may
take decades to recover (Fucik et al., 1984; Rogers and Garrison, 2001).

Drilling-Related Sediment and Waste Discharges

Drilling of new wells is one of the activities with the greatest impact potential due to the
associated sedimentation/turbidity caused by the drilling process and from the release of drilling
cuttings and discharges (Chapter 3.1.5.1). Drilling an exploratory well produces approximately
2,000 metric tons of combined drilling fluid and cuttings, though the total mass may vary widely for
different wells (Neff, 2005). Cuttings discharged at the surface tend to disperse in the water column
and be distributed at low concentrations (CSA, 2004a). In deep water, the majority of cuttings
discharged at the sea surface are likely to be deposited within 820 ft (250 m) of the well (CSA,
2006). Cuttings shunted to the seafloor form piles concentrated within a smaller area than do
sediments discharged at the sea surface (Neff, 2005).

Apart from the direct impacts of turbidity and sedimentation, the chemical content of drilling
muds and cuttings (and, to a lesser extent, produced waters) are another potential impact-producing
factor since these may contain hydrocarbons, trace metals including heavy metals, elemental sulfur,
and radionuclides (Kendall and Rainey, 1991; Trefry et al., 1995). Substances containing heavy
metals and other potentially toxic compounds would have the potential to be moderately toxic to
deepwater benthic organisms, but only if they were to come into contact in undiluted strengths (CSA,
2004b). Although the literature has not reported impacts to chemosynthetic organisms, gorgonians,
or soft corals as a result of exposure to contaminants in cuttings, infauna have shown effects at
distances <330 ft (<100 m) from the discharge. These include reduced reproductive fitness, altered
populations, and acute toxicity (Montagna and Harper, 1996; Carr et al., 1996; Kennicutt et al., 1996;
Hart et al., 1989; Chapman et al., 1991; CSA, 2004b). Because of BOEM'’s distancing requirements
for new wells, contact with concentrated (and potentially harmful) levels of any such toxins is not
expected. As they travel from a source, produced waters (refer to Chapter 3.1.5.1.2 for more detail)
are rapidly diluted with distance, and impacts are generally only observed within very close proximity
of the discharge point (Gittings et al., 1992a; Neff, 2005). In addition to the protection offered by
BOEM’s distancing requirements, releases of toxic discharges are regulated by the USEPA through
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the issuance of NPDES permits. Adherence to these regulations would help ensure that water
quality is maintained at nontoxic levels.

In addition to drilling activities, the process of installing and removing OCS oil- and gas-
related infrastructure (i.e., pipelines, platforms, and subsea systems including cables) also has the
potential to displace large volumes of sediment (Chapters 3.1.3.3 and 3.1.6). The resulting
localized increases in turbidity and sedimentation would have the same indirect impacts as those
caused by drilling-related sediment movement.

As further detailed in other chapters, explosive severance methods used during
decommissioning activities could result in damage or mortality to any organisms within the vicinity of
the blast or associated sediment plume, although long-term turbidity is not expected from platform
removal operations. The shockwave from a nearby blast could also damage or destroy the
underlying hard substrates required to support some deepwater benthic communities. The BSEE
Interim Policy Document 2013-07, “Rigs-to-Reefs Policy,” specifies that the use of explosive
severance methods would not be approved if site-specific analysis determines they would cause
harm to natural deepwater benthic communities.

Compared with shallow-water live bottom communities, some deepwater benthic organisms
may be slower to recover from any of the impacts described above due to the generally much slower
growth and recruitment rates that are typical of these longer-lived species and communities (Powell,
1995). For example, Doughty et al. (2014) demonstrated that Paramuricea spp., some of the most
common deepwater corals in the GOM, may have very low recruitment rates and therefore slow
recovery.

Potential impacts resulting from all of the above routine activities (both bottom-disturbing
activities and drilling-related sediment and waste discharges) are mitigated through the protective
measures (primarily distancing) described above and in NTL 2009-G40. The postlease, site-specific
survey information and mitigation options described in NTL 2009-G40 would allow BOEM to identify
and sufficiently distance deepwater benthic features from any proposed OCS oil- and gas-related
routine activity during postlease reviews. If all of these requirements are applied as expected, at the
scope of this analysis, the impacts of routine activities would be expected to be negligible.

Without adherence to those requirements or absent expected USEPA restrictions on
discharges, impacts to deepwater benthic communities from the above routine activities could rise to
minor, moderate, or even major, depending on the number and locations of specific activities. The
highest impact levels are possible in the improbable (but theoretically possible) case that a large
number of routine activity disturbances were to physically impact a large number of deepwater
benthic communities. Even without mitigations, the likelihood is very low that a large number of
OCS oil- and gas-related activities would occur in close proximity because the hard substrate
habitats supporting deepwater benthic communities are patchily distributed throughout the GOM and
are relatively rare compared with soft bottom substrates. But this possibility cannot be definitively



Description of the Affected Environment and Impact Analysis 4-133

ruled out without knowing both the precise spatial distribution of both future OCS oil- and gas-related
activities and deepwater benthic communities.

4.42.2 Accidental Events

The primary accidental impact-producing factors affecting deepwater benthic communities
analyzed here are grouped into two categories: (1) bottom-disturbing activities; and (2) oil spills and
associated cleanup responses. These factors have the potential to damage deepwater benthic
habitats and disrupt associated benthic communities if not sufficiently distanced or otherwise
mitigated.

Bottom-Disturbing Activities

Impacts resulting from bottom-disturbing activities were already detailed in “Routine
Activities” section above and are largely the same for accidental events. There are only slight
differences that need to be considered here and are related to mechanisms and potential severity.
The primary, accidental bottom-disturbing activity is the inadvertent deposition or placement of
equipment on deepwater habitats. Accidental loss of equipment could occur during transfer
operations between vessels and platforms, during vessel transit, during an “on deck” accident, as a
consequence of a severe storm, or if a structure, drill, or anchor is unintentionally placed in the
wrong location during operations. During routine operations, the distancing mitigations offer some
protections against these types of impact, but those protections may not apply to all accidents, other
than to reduce the likelihood of routine activities occurring in those areas in the first place. Any
object placed on or through a deepwater benthic habitat could cause partial or complete breakage,
crushing, or smothering of both substrate and organisms, and/or increased sedimentation as
equipment disturbs the seafloor. In addition to mortality, deepwater benthic communities could
experience any or all of the potential sublethal impacts already described in the “Routine Activities”
section above. The severity of impacts from direct physical contact would vary in direct proportion to
the surface area and mass of the specific equipment. Given the relative rarity of deepwater benthic
habitats and communities in the GOM, accidental impacts from bottom-disturbing equipment are
expected to be infrequent and highly localized, with the likelihood of accidental contact further
reduced by the expected distancing mitigations. However, because of the unplanned and potentially
uncontrolled nature of accidental bottom-disturbing events, there exists greater uncertainty about
their potential impact severity than exists for planned routine activities. Therefore, at the scale of this
analysis, impacts to deepwater benthic communities from accidental, bottom-disturbing activities
could range from negligible to minor, depending on their overall frequency and severity and
whether or not community-level accidental impacts can be clearly distinguished from natural
variation.

Without the protective mitigations provided by postlease reviews and distancing, the potential
impacts of accidental bottom disturbances could rise to moderate or even major levels, in the
improbable (but theoretically possible) case that a large number of accidental disturbances were to
physically impact a large number of deepwater benthic communities. Even without mitigations, the
likelihood is very low that a large number of OCS oil- and gas-related activities would occur in close
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proximity to the relatively rare hard substrate habitats supporting deepwater benthic communities.
However, this possibility cannot be definitively ruled out without knowing both the precise spatial
distribution of both future OCS oil- and gas-related activities and deepwater benthic communities.

Oil Spills and Associated Cleanup Responses

Oil spills, historic trends, the characteristics of oil, and factors affecting the fate of oil
released into the marine environment are discussed in detail in Chapter 3.2.1 (Oil Spills), and the
potential impacts to water quality are analyzed in Chapter 4.2 (Water Quality). For additional
information on impacts resulting specifically from a catastrophic spill, refer to the Catastrophic Spill
Event Analysis white paper (USDOI, BOEM, 2017).

Impacts related to an accidental release of oil or other contaminants could adversely affect
deepwater benthic communities. Potential impacts related to an accidental spill would depend on
the combination of these various components: surface oil; subsurface oil; chemical dispersants and
dispersed oil; sedimented oil (oil adsorbed to sediment particles); sedimentation caused by a loss of
well control; and certain spill-response activities. Adherence to well-distancing requirements should
serve to reduce such impacts.

Biological impacts resulting from exposure to accidentally released oil droplets and/or
chemical dispersants are anticipated to be mostly sublethal and recoverable. Sublethal impacts that
may occur to exposed deepwater benthic organisms may include reduced feeding, reduced
reproduction and growth, physical tissue damage, and altered behavior. For example, short-term,
sublethal responses of a shallow-water coral species included mesenterial filament extrusion,
extreme tissue contraction, tentacle retraction, and localized tissue rupture reported after 24 hours of
exposure to dispersed oil at a concentration of 20 ppm (Knap et al., 1983; Wyers et al., 1986).
Laboratory tests by DelLeo et al. (2015) on the relative effects of oil, chemical dispersants, and
chemically dispersed oil mixtures on three species of northern GOM deepwater corals found much
greater health declines in response to chemical dispersants and to oil-dispersant mixtures than to
oil-only treatments, which did not result in mortality. It is important to note that, generally, laboratory
experimental concentrations are designed to discover toxicity thresholds (as in DeLeo et al., 2015)
that exceed probable exposure concentrations in the field.

Chemosynthetic organisms are naturally adapted to handle the limited amounts of
hydrocarbons that are typical at slow-flowing seeps. While they have not been as well studied as
deepwater corals, there have not been documented impacts from the Deepwater Horizon oil spill to
chemosynthetic communities (USDOI, BOEM, 2012b; Shedd, official communication, 2015). It is
possible that some deepwater coral species also have limited capabilities to endure oil exposure.
Results from Deleo et al. (2015) suggested that Callogorgia delta, a soft coral often associated with
natural hydrocarbon seeps, may have some natural adaptation to short-term oil exposure.
Al-Dahash and Mahmoud (2013) suggest that a possible mechanism for this is coral harboring of
symbiotic oil-degrading bacteria. Oil spills originating at the surface have fairly limited potential to
directly impact deepwater benthic communities. Oil becomes diluted as it physically mixes with the
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surrounding water and moves into the water column, and the physical mixing zone of surface oil is
generally limited to approximately 33 ft (20 m) (Lange, 1985; McAuliffe et al., 1975 and 1981a;
Tkalich and Chan, 2002; Thompson et al., 1999; Schroeder, 2000). In one extraordinary
circumstance with an unusual combination of conditions, a tropical storm forced a large volume of
Deepwater Horizon oil spill-linked dispersant/oil mixture as deep as 246 ft (75 m), causing temporary
exposure to mesophotic corals in the Pinnacle Trend area (Silva et al., 2015), but that depth is still
far shallower than that of the deepwater benthic communities considered here.

The USCG may allow the application of chemical dispersants in certain spill situations.
Chemical dispersion of oil can help to break up concentrations of oil, accelerate natural weathering
processes, and promote bacterial biodegradation (Chapter 3.2.8). Use of dispersants may,
however, have unintended effects. For example, it may allow surface oil to penetrate to greater
depths than expected from normal physical mixing, and dispersed oil more often remains below the
water's surface (McAuliffe et al., 1981b; Lewis and Aurand, 1997), possibly leading to negative
impacts such as those observed by Silva et al. (2015). DelLeo et al. (2015) demonstrated that
concentrated amounts of dispersant and oil/dispersant mixtures caused more severe health declines
to deepwater coral than oil-only mixtures.

In a subsurface spill or loss of well control situation, it is expected that the majority of
released oil would rise quickly to the surface due to the characteristics of northern GOM oil reserves.
However, if an oil spill occurs at great depths and is subjected to higher water pressures, some oil
droplets may emulsify and become entrained deep in the water column (Boehm and Fiest, 1982),
creating a subsurface plume (Adcroft et al., 2010). During the Deepwater Horizon oil spill,
dispersants were applied subsea at the source of the blowout. Stratified density layers of water
allowed the oil/dispersant plume to remain at depth instead of dispersing up into the water column
(Joint Analysis Group, 2010), and these concentrated plumes likely contributed to the serious (but
localized) damage to deepwater coral communities. If a concentrated plume comes into continuous
contact with a deepwater benthic community, the general impacts could include mortality, tissue
loss, opportunistic hydroid overgrowth, failed reproductive success, reduced biodiversity, reduced
coverage of fauna and flora on hard substrates, and changes in community structure (White et al.,
2012; Hsing et al., 2013; Fisher et al., 2014a; Silva et al., 2015). Exact impacts would depend on
the location, age of the spill, and the hydrographic characteristics of the area. Adherence to the
distancing requirements described above and in NTL 2009-G40 should reduce such impacts.

For any accidental spill, it is expected that a certain quantity of oil may eventually settle on
the seafloor through a binding process with suspended sediment particles (adsorption) or after being
consumed and excreted by phytoplankton (Passow et al., 2012, Valentine et al., 2014) (refer to the
Catastrophic Spill Events Analysis white paper for larger events that are not considered reasonably
foreseeable [USDOI, BOEM, 2017]). The product of these processes is sometimes referred to as
“‘marine snow.” It is expected that the greatest amount of adsorbed oil particles would occur close to
the spill, with the concentrations reducing over distance. Adherence to the original well distancing
requirements should therefore reduce such impacts.
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If a spill does occur close to a deepwater benthic habitat, some of the organisms may
become smothered by marine snow particles and/or other sediments, and experience long-term
exposure to hydrocarbons and/or oil-dispersant mixtures that could persist within the sediments
(Hsing et al., 2013; Fisher et al., 2014a; Valentine et al., 2014). White et al. (2014) found the anionic
surfactant DOSS (dioctyl sodium sulfosuccinate) persisting for at least 6 months within a deepwater
coral community, although that study did not measure toxicity. Krasnec et al. (2015) did measure
toxicity of sediments collected within 2 km (1.2 mi) of the Macondo wellhead, but they did not
measure the effects on deepwater megafauna. The study found varying levels of mortality and
growth inhibition for a small shrimp-like crustacean species, with the relative degree of toxicity
decreasing over time (lower toxicity found in 2014 samples than in 2011 samples). Beyond the
localized area of impact in such cases, particles would become increasingly biodegraded and
dispersed. Localized impacts to deepwater benthic organisms from marine snow would be expected
to be mostly sublethal and could include reduced recruitment success, reduced growth, and reduced
biological cover as a result of impaired recruitment (Rogers, 1990; Kushmaro et al., 1997).

Sediments suspended or displaced as a result of a loss of well control could also impact
deepwater benthic organisms. These impacts would be largely identical to those caused by
sedimentation stirred up by bottom-disturbing equipment, with the possible addition of toxic
hydrocarbons or drilling muds in the sediments (refer to “Routine Activities” above). Because OCS-
permitted wells would have been distanced from deepwater benthic habitats before installation, it is
expected that the heaviest sediment concentrations would fall out of suspension and disperse before
reaching sensitive benthic communities, preventing most impacts. Some live bottom organisms,
such as flexible sea fans, are naturally adapted to turbid conditions and may not be as negatively
affected. Outside of a catastrophic blowout situation, a very substantial amount of sediment burial of
organisms during an accidental spill event is not considered reasonably foreseeable (refer to the
Catastrophic Spill Events Analysis white paper, USDOI, BOEM, 2017).

Finally, spill cleanup/response activities could themselves have negative impacts (Chapter
3.2.8). During a response operation, the risk of accidental impacts of bottom-disturbing equipment is
increased. There could be unplanned emergency anchoring or accidental losses of equipment from
responding vessels. Response-related equipment such as seafloor-anchored booms may be used
and could inadvertently contact deepwater habitats and organisms. In addition, drilling muds may be
pumped into a well to stop a loss of well control. It is possible that during this process some of this
mud may be forced out of the well and deposited on the seafloor near the well site. If this occurs,
the impacts would be severe for any organisms buried; however, the impact beyond the immediate
area would be limited and adherence to the original distancing requirements should prevent or
reduce most impacts.

Accidental spills have historically been small and relatively rare events (Chapters 3.2.1.4,
3.2.1.5, and 3.2.1.6; Table 3-12). The total number of deepwater benthic communities is relatively
small and they are widely distributed throughout the AOI, so a localized impact from one
noncatastrophic accidental event would only impact a small portion of the overall resource.
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All of these oil spill and associated cleanup response activities could lead to lethal or
sublethal impacts on individual deepwater benthic communities, with the range of impacts
dependent on the quantity of spilled oil and proximity to habitats. While a spill resulting from a
catastrophic-level blowout in deep water (such as the Deepwater Horizon oil spill) has the potential
to seriously impact individual deepwater benthic communities over a long time period, such a spill is
not considered reasonably foreseeable as a result of a proposed lease sale. Impacts from individual
routine activities and reasonably foreseeable accidental events are usually temporary, highly
localized, and expected to impact only small numbers of organisms and substrates at a time.
Natural adaptations to small quantities of oil (Al-Dahash and Mahmoud, 2013; DelLeo et al., 2015)
and/or recovery over time (Hsing et al., 2013) is possible for certain deepwater benthic species.
Moreover, use of the expected site-specific plan reviews/mitigations would distance activities from
deepwater benthic communities, greatly diminishing the likelihood and severity of potential effects.
Therefore, at the scale of this analysis and with application of the expected mitigation practices,
impacts on deepwater benthic communities from accidental spills are expected to range from
negligible to minor. This range of potential impact levels reflects the relative uncertainty associated
with unplanned and potentially uncontrolled accidental events and the uncertainty about the precise
distribution of deepwater benthic communities. The exact impact would depend on overall
frequency, extent, and severity of accidental spills and whether or not community-level accidental
impacts can be clearly distinguished from natural variation.

Without the protective mitigations provided by postlease reviews and distancing, the potential
impacts of accidental spills could rise to moderate or even major levels, in the improbable (but
theoretically possible) case that a large number of accidental spills were to occur at wells in close
proximity to a large number of deepwater benthic communities. Even without mitigations, the
likelihood is very low that a large number of accidental spills would occur in close proximity to the
relatively rare hard substrate habitats supporting deepwater benthic communities, but this possibility
cannot be definitively ruled out without knowing both the precise distribution of such spills and of
deepwater benthic communities.

4.4.2.3 Cumulative Impacts

Cumulative impacts on deepwater benthic communities are of concern in part because of
their very slow growth rates, which may increase their vulnerability to disturbance over time (Prouty
et al.,, 2014). This analysis considers the cumulative impacts on deepwater benthic communities
resulting from (1) the incremental impacts from future routine and accidental oil- and gas-related
operations from a proposed lease sale, as well as those resulting from past and future OCS leasing;
and (2) potential impacts stemming from other non-OCS oil- and gas-related factors.

OCS Qil- and Gas-Related Impacts

The Cumulative OCS Oil and Gas Program (Chapter 3.3.1) impacts to deepwater benthic
communities include the incremental contribution of the routine and accidental bottom-disturbing
activities outlined above: (1) bottom-disturbance; (2) sediment and waste discharges; and
(3) accidental oil spills. As already detailed, these impact-producing factors have the potential to



4-138 Gulf of Mexico Multisale EIS

damage individual deepwater habitats and disrupt associated benthic communities if insufficiently
distanced or otherwise mitigated.

Bottom-disturbing activities could result in the physical destruction of benthic habitat and
organisms or the disturbance of sediments within the environment, resulting in partial or complete
burial and/or increased turbidity (Chapter 3.3.1.5). Routine and accidental waste discharges could
be toxic if contacted in undiluted form near the source, but that is generally unlikely.

Oil spills and chemical dispersants are known to have negative, acute effects on deepwater
benthic organisms such as corals (e.g., DeLeo et al., 2015). The cumulative, long-term effects of
persistent, low-level exposure to oil are not yet fully understood, although such research is ongoing
following the Deepwater Horizon oil spill (e.g., White et al., 2014; Baguley et al., 2015). All of these
activities could lead to lethal or sublethal impacts on individual deepwater benthic communities.
Although a spill resulting from a catastrophic-level blowout in deep water, such as Deepwater
Horizon blowout (refer to the Catastrophic Spill Events Analysis white paper, USDOI, BOEM, 2017),
has the potential to seriously impact individual deepwater benthic communities over a long time
period (Hsing et al., 2013), the spatial extent of impacts from even such a large spill remains
relatively limited (Montagna et al., 2013; Fisher et al., 2014b) and the probability of additional
catastrophic-level spills of that size is low.

Impacts from these individual routine activities and accidental events are usually temporary,
highly localized, and expected to impact only small numbers of organisms and substrates at a time.
Recovery over time from such impacts is possible for certain species (e.g., Hsing et al., 2013).
Moreover, use of the expected site-specific plan reviews/mitigations would distance activities from
deepwater benthic communities, greatly diminishing potential effects. Therefore, the cumulative
contribution of all OCS oil- and gas-related activities is expected to have only negligible to minor
impacts while the much smaller incremental cumulative impact of a single proposed lease sale is
expected to contribute only a negligible amount to the total level of cumulative impacts.

Non-OCS Oil- and Gas-Related Impacts

The cumulative, long-term impacts on deepwater benthic communities of reasonably
foreseeable, non-OCS anthropogenic activities and shifting baseline environmental conditions could
be substantial, although they are difficult to quantify, particularly when projecting future conditions
out over the next 50 years. A brief summary analysis is provided here. It should be noted that
BOEM’s site-specific mitigations are not designed to mitigate against the potential impacts posed by
these non-OCS anthropogenic activities and environmental factors; they are designed to protect
deepwater benthic resources from OCS oil- and gas-related activities within BOEM'’s jurisdiction and
to mitigate against any proposed action’s incremental contribution to the overall OCS and non-OCS
cumulative impacts.

The primary anthropogenic activities are related to commercial fishing (Chapter 4.10).
Bottom-tending fishing gear of any type (e.g., trawls, traps, bottom-set longlines, and gillnets) can
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affect deepwater benthic communities by dislodging or crushing organisms attached to the bottom,
with trawls representing the most serious threat (Hourigan, 2014). Currently, the overall amount of
fishing effort in very deep waters of the GOM is spatially and temporally limited and primarily
consists of a relatively small royal red shrimp fishery and only sporadic reports of golden crab traps
(CSA, 2002). Therefore, at the present time, commercial fishing impacts on GOM deepwater
benthic communities are negligible. Should the overall amount of effort or types of gear used
change dramatically over time, fishing impacts could become considerably greater, perhaps as great
as major, although that theoretical impact level is highly speculative and dependent on unknown and
perhaps improbable future changes in fishery practices.

Climate change-related effects have the potential to alter baseline environmental conditions
in the GOM, including in deep waters. A review of climate change is presented in Chapter 4.2.1 of
the Five-Year Program EIS (USDOI, BOEM, 2016b), and there is extensive scientific literature
available about climate change in general. However, there is currently relatively little literature
dedicated to the potential impacts on deepwater benthic communities. Of primary concern for
deepwater benthic communities is a projected decline of ocean pH of 0.3-0.5 units over the next
century, a shift which would significantly alter calcium carbonate saturation states in the ocean
(Doney et al., 2009), reducing the bioavailability of calcium carbonate. Decreased calcification rates
have been observed in numerous shallow-water zooxanthellate corals (refer to Hofmann et al.,
2010). Similar effects could be expected for deepwater corals such as Lophelia pertusa (Lunden
et al., 2013; Lunden et al., 2014, Hennige et al., 2015) and for various other calcifying organisms in
deep water (Thresher et al., 2015), and such effects could make it more difficult for deepwater
calcifying organisms to form or maintain calcium carbonate-based skeletons or shells, possibly
inhibiting growth. At the depths of these communities, little to no effect is expected from potential
increases in storm frequency and intensity that could possibly be attributed to climate change. The
cumulative impact level of future climate change-related factors is difficult to accurately estimate with
the current level of scientific understanding. Important baseline data, such as basic measurements
of aragonite saturation horizons, are still in the early years of collection and analysis, and the many
unknown factors involved make it difficult to accurately assign an authoritative impact level for this
impact-producing factor at the long-term scope of this analysis. At present, the overall impact of
climate change-related effects on deepwater benthic communities is likely negligible. However,
over the next 50 years, this impact level could rise to higher levels, even as great as major, should
the most extreme impacts possible as a result of projected climate change-associated factors come
to pass.

Incremental Contribution of a Single Proposed Lease Sale to Overall Cumulative Impacts

Weighed against these potential non-OCS oil- and gas-related impacts from anthropogenic
activities and influential baseline environmental conditions, the much smaller incremental cumulative
impact of a proposed lease sale is expected to contribute only a negligible amount to the total
potential level of impacts. Based on current conditions, the overall cumulative impact of everything
(OCS and non-OCS) is negligible to minor. This total impact level has the potential to rise over the
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next 50 years to higher levels, even possibly major, should projected trends of non-OCS oil- and
gas-related activities (particularly climate change) continue or worsen.

4.4.2.4 Incomplete or Unavailable Information

For decades, BOEM has funded research related to deepwater benthic environments in
order to further the scientific understanding necessary for informed decisionmaking. However, due
in part to the inherent difficulty of data collection in deepwater environments, there is (and likely
always would be) incomplete or unavailable information about deepwater benthic communities.
BOEM has specifically identified incomplete information for OCS oil- and gas-related impacts related
to the following: locations of deepwater benthic communities in the GOM; toxicity of oil and
dispersants to deepwater benthic organisms; long-term effects of the totality of the presence of OCS
oil- and gas-related infrastructure; long-term effects associated with various climate change-related
factors; cascading ecological effects and interactions between deepwater benthic communities and
deepwater fish communities; and long-term impacts from the Deepwater Horizon explosion, oil spill,
and response (refer to the Catastrophic Spill Events Analysis white paper, USDOI, BOEM, 2017).

As described above, BOEM’s databases of confirmed deepwater benthic communities and
3D seismic water-bottom anomalies are used when reviewing deepwater exploration and
development plans. As part of postlease, site-specific development plans, operators must provide a
variety of high-resolution survey data, including assessments of potential habitat for sensitive benthic
communities. If data are sparse or additional detail is needed, site-specific video or photographic
surveys can be requested and used to develop appropriate mitigations. While extremely helpful,
BOEM'’s databases and survey data are not comprehensive of all deepwater benthic communities.
For example, available information may not always be of sufficient resolution to identify small areas
of scattered hard substrate, such as dead clam shells, that may support small patches of deepwater
benthic habitat, as discussed by Quattrini et al. (2013).

To help fill data gaps about locations of deepwater benthic communities, BOEM may also be
able to make use of additional datasets created by other Federal agencies. For example, NOAA’s
Deep Sea Coral Research and Technology Program and NOAA’s National Centers for Coastal
Ocean Science have been compiling a database of known observations of deepwater corals and
sponges (USDOC, NOAA, 2015i). This database of confirmed deepwater coral observations could
be used as an ancillary information source during site-specific plan reviews. However, even with the
continued additions of observation records over time, it is unlikely that the majority of deepwater
coral communities would be directly observed and documented because of the inherent logistical
difficulties involved in deepwater research and data collection. Past research by NOAA (Kinlan
et al., 2013) has also included efforts to predictively model suitable habitat for deepwater coral and
sponges, based on the best available physical/environmental datasets. Future research may
improve on these efforts and expand to include chemosynthetic communities. New datasets and
models such as these, once they are complete, scientifically vetted, and publicly available, could
provide helpful ancillary information to further assist BOEM'’s site-specific evaluations.
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BOEM will continue to analyze and support the continued collection of the best available
scientific information related to deepwater benthic communities. However, the best available
information does not provide all of the data necessary for a complete understanding of these
communities. For example, there is incomplete information with respect to potential long-term
effects resulting from exposure to spilled oil, including potential impacts of a catastrophic spill such
as the Deepwater Horizon oil spill. Known information about the potential impacts of a theoretical
catastrophic spill is detailed in the Catastrophic Spill Events Analysis white paper (USDOI, BOEM,
2017), and further information was made available with the publication of NOAA’s Deepwater
Horizon Qil Spill: Final Programmatic Damage Assessment and Restoration Plan and Final
Programmatic Environmental Impact Statement in 2016 (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). The content of that report was reviewed as part of this
analysis. Some information related to impacts specific to the Deepwater Horizon explosion, oil, spill,
and response, such as long-term monitoring results, is still incomplete or unavailable. Impending
reports are not expected to reveal additional significant effects that would alter the overall
conclusions about reasonably foreseeable impact-producing factors associated with a proposed
lease sale. However, in completing this analysis and in making conclusions, BOEM used the best
available science to determine the range of reasonably foreseeable impacts, applying accepted
scientific methodologies to both integrate existing information and extrapolate potential outcomes.
Therefore, BOEM has determined that the incomplete information is not essential to a reasoned
choice among alternatives.

4.4.25 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

The activities proposed under Alternative A could directly impact deepwater benthic
communities within the GOM. The primary, reasonably foreseeable impact-producing factors for
deepwater benthic habitats can be grouped into three main categories: (1) bottom-disturbing
activities; (2) sediment and waste discharges; and (3) oil spills.

BOEM'’s site-specific reviews of permit applications would, through distancing and other
appropriate mitigations, greatly reduce potential impacts to deepwater benthic communities as a
result of routine activities and accidental events. At the broad scope of this analysis, and assuming
adherence to all expected postlease, protective restrictions and mitigations, the routine activities are
expected to have largely short-term, localized and temporary effects on deepwater benthic
communities that may not be easily detectable or clearly distinguishable from natural variation.
Therefore, the impacts of routine activities would be expected to be negligible. Accidental events
(below the threshold of a catastrophic spill, detailed in the Catastrophic Spill Event Analysis white
paper [USDOI, BOEM, 2017]) do have the potential to cause detectable, severe damage to
individual deepwater benthic communities. However, the number of such events is expected to be
very small and is not expected to have population-level localized impacts and, therefore, might not
be clearly distinguishable from natural variation. Therefore, the impacts of accidental events would
be expected to be negligible to minor. Absent the expected information requirements and
mitigation practices, the impacts resulting from the routine activities and accidental events of a
proposed lease sale could be greater; the overall population-level impact level could range from
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minor to major (in a theoretical, if improbable, worst-case scenario). However, those information
requirements and mitigation practices are expected to continue.

Proposed OCS oil- and gas-related activities would also contribute incrementally, but only a
negligible amount, to the overall OCS oil- and gas-related and non-OCS cumulative effects
experienced by deepwater benthic communities. The previous and continuing OCS oil- and gas-
related cumulative impacts beyond the incremental contribution of a proposed action (a specific
lease sale) are estimated to have negligible to minor impacts. Non-OCS oil- and gas-related
activities such as commercial fishing (currently negligible) and shifting baseline environmental
conditions related to climate change (currently negligible but likely to increase to major over time
should current trends continue or worsen) could cause more noticeable impacts on deepwater
benthic communities over the next 50 years.

4.4.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the WPA Portion of the Proposed Lease Sale Area

Under Alternative B, BOEM would hold a lease sale excluding the available unleased blocks
in the WPA and would offer all available unleased blocks in the CPA and a portion of the EPA.
Alternative B would not fundamentally alter the conclusions reached for Alternative A, but it would
reduce the potential impacts of a proposed lease sale to deepwater benthic communities in the
WPA. The impacts from proposed activities to deepwater benthic communities would remain the
same in leased portions of the CPA/EPA. Impacts resulting from accidental events should remain
relatively localized, with the number of features affected being directly proportional to the size of the
accident. An accident along the CPA/WPA border has the possibility to impact features in either
planning area. Although the area proposed for leasing in the WPA is relatively smaller than the
proposed area of the CPA/EPA and would experience less projected OCS oil- and gas-related
activity (refer to Chapter 3), deepwater benthic communities are found throughout all deep waters of
the GOM (refer to Figure 4-10 through Figure 4-13 above) and, therefore, the impacts associated
with Alternative B could still potentially cause some population-level effects.

At the regional, population-level scope of this analysis, the overall impact to deepwater
benthic communities as a result of the activities proposed in Alternative B are expected to be the
same as Alternative A, i.e., negligible, assuming the continuation of expected mitigation practices.
Absent these mitigations, the impacts resulting from the routine activities and accidental events of a
proposed lease sale could be greater; the overall population-level impact could range from minor to
moderate (in a theoretical, if improbable, worst-case scenario). This upper impact level is less than
the potential major level impact that would be possible (absent mitigations) under Alternatives A and
D. This difference is due to the greatly reduced area available for new leasing under Alternatives B
and C, which would somewhat limit the number of potentially affected deepwater benthic
communities and increase the likelihood of long-term recovery to pre-impact levels. However, it is
believed that existing mitigation practices would continue to be applied to the proposed activities
under Alternatives A-D, reducing the expected level of impacts from a proposed lease sale.
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Proposed OCS oil- and gas-related activities would also contribute incrementally, but only a
negligible amount, to the overall OCS oil- and gas-related and non-OCS cumulative effects
experienced by deepwater benthic communities. The previous and continuing OCS oil- and gas-
related cumulative impacts beyond the incremental contribution of a proposed action (a specific
lease sale) are estimated to have negligible to minor impacts. Non-OCS oil- and gas-related
activities such as commercial fishing (currently negligible) and shifting baseline environmental
conditions related to climate change (currently negligible but likely to increase to major over time
should current trends continue or worsen) could cause more noticeable impacts on deepwater
benthic communities over the next 50 years.

4.4.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

Under Alternative C, BOEM would hold a lease sale excluding the available unleased blocks
in the CPA/EPA and would offer all available unleased blocks in the WPA. Alternative C would not
fundamentally alter the conclusions reached for Alternative A, but it would reduce the potential
impacts of a proposed lease sale in the available unleased block in the CPA/EPA. The impacts from
the proposed activities to deepwater benthic communities would remain the same in leased portions
of the WPA. Impacts resulting from accidental events should remain relatively localized, with the
number of features affected being directly proportional to the size of the accident. An accident along
the WPA/CPA border has the possibility to impact features in either planning area. Although the
area proposed for leasing in the WPA is relatively smaller than the proposed area of the CPA/EPA
and would experience less projected OCS oil- and gas-related activity (refer to Chapter 3),
deepwater benthic communities are found throughout all deep waters of the GOM (refer to Figure
4-10 through Figure 4-13 above) and, therefore, the impacts associated with Alternative C could
still potentially cause some population-level effects.

At the regional, population-level scope of this analysis, the overall impact to deepwater
benthic communities as a result of the activities proposed under Alternative C are expected to be the
same as Alternative A, i.e., negligible, assuming the continuation of expected mitigation practices.
Absent these mitigations, the impacts as a result of the routine activities and accidental events of a
proposed lease sale could be greater; the overall population level impact could range from minor to
moderate (in a theoretical, if improbable, worst-case scenario). This upper impact level is less than
the potential major level impact that would be possible (absent mitigations) under Alternatives A and
D. This difference is due to the greatly reduced area available for new leasing under Alternatives B
and C, which would somewhat limit the number of potentially affected deepwater benthic
communities and increase the likelihood of long-term recovery to pre-impact levels. However, it is
believed that existing mitigation practices would continue to be applied to the proposed activities
under Alternatives A-D, reducing the expected level of impacts from a proposed lease sale.

Proposed OCS oil- and gas-related activities would also contribute incrementally, but only a
negligible amount, to the overall OCS oil- and gas-related and non-OCS cumulative effects
experienced by deepwater benthic communities. The previous and continuing OCS oil- and
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gas-related cumulative impacts beyond the incremental contribution of a proposed action (a specific
lease sale) are estimated to have negligible to minor impacts. Non-OCS oil- and gas-related
activities such as commercial fishing (currently negligible) and shifting baseline environmental
conditions related to climate change (currently negligible but likely to increase to major over time
should current trends continue or worsen) could cause more noticeable impacts on deepwater
benthic communities over the next 50 years.

4.4.2.8 Alternative D—Alternative A, B, or C, with the Option to Exclude Available Unleased
Blocks Subject to the Topographic Features, Live Bottom (Pinnacle Trend), and/or
Blocks South of Baldwin County, Alabama, Stipulations

The exclusion of any or all of the available unleased blocks subject to the either the
Topographic Features, Live Bottom (Pinnacle Trend), and/or Blocks South of Baldwin County,
Alabama, Stipulations (Alternative D) would not alter the above conclusions reached for Alternative
A, B, or C. Under Alternative D, BOEM could hold a lease sale excluding the leasing of all blocks
subject to the Topographic Features, Live Bottom (Pinnacle Trend), and/or Blocks South of Baldwin
County, Alabama, Stipulations. This area exclusion would do relatively little to reduce the impacts
as a result of the routine activities, accidental events, or cumulative impacts to deepwater benthic
communities. Deepwater benthic communities are generally found in depths >300 m (984 ft), and
the vast majority of lease blocks covered by these three stipulations are in shallower waters. Non-
OCS oil- and gas-related activities are also not expected to decrease under this alternative. At the
regional, population-level scope of this analysis and assuming continuation of expected mitigation
practices, the overall impact to deepwater benthic communities as a result of the activities proposed
under Alternative D are expected to be the same as Alternatives A-C, i.e., negligible. Absent the
expected information requirements and mitigation practices, the impacts resulting from the routine
activities and accidental events of a proposed lease sale could be greater; the overall population-
level impacts could range from minor to major (in a theoretical, if improbable, worst-case scenario).
However, those information requirements and mitigation practices are expected to continue.

Proposed OCS oil- and gas-related activities would also contribute incrementally, but only a
negligible amount, to the overall OCS oil- and gas-related and non-OCS cumulative effects
experienced by deepwater benthic communities. The previous and continuing OCS oil- and gas-
related cumulative impacts beyond the incremental contribution of a proposed action (a specific
lease sale) are estimated to have negligible to minor impacts. Non-OCS oil- and gas-related
activities such as commercial fishing (currently negligible) and shifting baseline environmental
conditions related to climate change (currently negligible but likely to increase to major over time
should current trends continue or worsen) could cause more noticeable impacts on deepwater
benthic communities over the next 50 years.

4429 Alternative E—No Action

Under Alternative E, a proposed lease sale would be cancelled. The potential for impacts
would be none because new impacts to deepwater benthic communities related to a cancelled lease
sale would be avoided entirely.
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Continuing impacts to the communities would be limited to existing routine activities,
accidental events, and cumulative impacts associated with previous OCS lease sales. BOEM'’s
current mitigation practices already regulate these activities and should continue to limit associated
impacts to the negligible to minor range for OCS oil- and gas-related cumulative impacts. Ongoing
non-OCS oil- and gas-related activities are negligible at present time, but they could potentially
become greater, even rising to major, should there be future changes in fishing practices or worst-
case changes in climate change-related environmental conditions.

45 SARGASSUM AND ASSOCIATED COMMUNITIES

Sargassum is a genus of large brown seaweed (a type
of algae) that floats in island-like masses (USDOC, NOAA, | The Sargassum cycle is
Office of Ocean Exploration and Research, 2014). In the Gulf of expansive, encompassing
Mexico, Sargassum and the organisms that reside within or | most of the western Atlantic
around the matrix of plants are some of the most widely | Ocean and the Gulf of Mexico.
distributed and easily recognizable species in the GOM.
Sargassum, as pelagic algae, is a widely distributed resource that is ubiquitous throughout the
northern GOM and northwest Atlantic, and it is part of a cycle that spans most of the Northern
Hemisphere of the Atlantic Ocean including the Caribbean Sea. As such, Sargassum might be
potentially vulnerable to OCS oil- and gas-related activities. The analysis is focused on the potential
impact-producing factors from OCS oil- and gas-related routine activities (i.e., exploration,
development, and production), accidental events, and cumulative impacts. The potential magnitude
of impact for each of these impact-producing factors is provided in Table 4-12 to help the reader
quickly identify the level of potential impacts for Sargassum and its associated communities. The
impact level definitions and the analyses supporting these conclusions are then discussed in detail in
this section. The description of the affected environment provides a baseline that encompasses all
previous and ongoing OCS oil- and gas-related and non-OCS oil- and gas-related activities.

Table 4-12. Sargassum and Associated Communities Impact-Producing Factors That Are Reasonably
Foreseeable.

Sargassum and : : 1
Associated Communities Magnitude of Potential Impact

Impalc;:z:;)gucmg Alternative A | Alternative B | Alternative C | Alternative D | Alternative E

Routine Impacts
Vessel Operations Negligible Negligible Negligible Negligible None
Drilling Operations Negligible Negligible Negligible Negligible None
Accidental Impacts

Drilling Operations Negligible Negligible Negligible Negligible None
Vessel Operations Negligible Negligible Negligible Negligible None
Oil Spill and Cleanup Negligible Negligible Negligible Negligible None
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Cumulative Impacts
'C”g;‘fn”;i’;f;']z Negligible Negligible Negligible | Negligible None
Minor to
. 3
OCS Oil and Gas Moderate
Non-OCS Oil and Gas* Negligible

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”
chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.
* This includes other past, present, and reasonably foreseeable future activities occurring within the same

geographic range and within the same timeframes as a proposed action, but they are not related to the
OCS QOil and Gas Program.

Within this chapter, characteristics unique to Sargassum are discussed along with life
history. In addition, the roles of Sargassum functioning as a habitat, the species that depend on
Sargassum, and factors that influence Sargassum are also discussed. During this analysis, the
following potential impact-producing factors were screened for their potential to impact Sargassum:

e vessel operations (Chapter 3.1.4.3);

e presence of toxins in water column (Chapters 3.1.5.1 and 3.1.5.2);

e sediment deposition on seafloor (Chapters 3.1.3.3.2 and 3.1.3.3.3);

e sediment deposition into water column (Chapter 3.1.3.3.3);

e alteration of water-flow patterns;

e impingement (Chapter 3.1.5.1.6);

e vessels sinking (Chapter 3.2.5);

e marine debris (Chapter 3.2.7);

o oil spills (Chapter 3.2.1);

e oil-spill cleanup (Chapter 3.2.8); and

e chemical and drilling-fluid spills (Chapter 3.2.6).

An in-depth analysis of these potential factors determined that, although many may occur
within the GOM, few occur at an extent that could cause impacts to the population of Sargassum as
a whole. This includes sediment deposition on the seafloor or in the water column, vessels sinking,
impingement, marine debris, and alteration of water flow patterns. Additionally, impacts associated
with the presence of toxins and sediments in the water column from discharges during routine

operations are managed through the NPDES permitting process or by the MARPOL Annex V Treaty.
Regulation and enforcement of these laws is conducted by a number of agencies, such as the U.S.
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Environmental Protection Agency, NOAA, and the U.S. Coast Guard. These regulations were put in
place to protect water quality so that it is maintained at a level that is nontoxic to the organisms in
the water where it is being discharged and are not addressed in this chapter for Sargassum, but
rather are discussed in Chapter 4.2 (Water Quality). Additionally, cooling water discharges from
vessels are also not addressed because, compared with the surface area of the environment, the
area that could be impacted by vessel discharges is miniscule. Finally, the spatial extent and the
transient nature of the Sargassum cycle is such that it would take a low-probability catastrophic
event to affect enough Sargassum to result in population-level impacts across the GOM for more
than a season, which is not reasonably foreseeable as a result of a proposed lease sale. Other
factors like deposition of sediments onto the seafloor do not occur within the same section of the
water column where Sargassum occurs. As such, only the following impact-producing factors were
identified as having the potential to impact Sargassum and were carried forward to a full analysis:

e vessel operations (Chapter 3.1.4.3; routine and accidental, including
discharges);

e chemical and drilling-fluid spills (Chapter 3.2.6; accidental only);
e 0il spills (Chapter 3.2.1; accidental only); and

e oil-spill cleanup (Chapter 3.2.8; accidental only).

To facilitate a discussion on the spatial extent of the Sargassum cycle and to put the impact-
producing factors in context, Figure 4-14 depicts how these plants move around the Northern
Hemisphere. The Sargassum loop system initiates in the Sargasso Sea. Atmospheric conditions
create wind patterns that push Sargassum south, into the Caribbean Sea where it is pushed west by
the oceanic and atmospheric currents carrying it into the Gulf of Mexico. There it washes ashore on
the Gulf Coast or gets swept out the Florida Strait via the Gulf Stream (Gower et al., 2013; Frazier
etal., 2015). Figure 4-14 represents the spatial extent of Sargassum, demonstrating that there is a
high degree of connection among the Gulf of Mexico OCS planning areas and other oceanic basins
and large-scale oceanic features (e.g., Gulf Stream).



4-148 Gulf of Mexico Multisale EIS

Figure 4-14. Sargassum Loop System (adapted from Gower et al., 2013, and Frazier et al., 2015).

Impact-Level Definitions

For this analysis, the following criteria were used to categorize the effects of impact-
producing factors to Sargassum and associated communities:

o Negligible — Impacts are undetectable or limited in scale to the immediate area
of the impact-producing factor. This may include mortality of the plants or
animals associated with Sargassum. Such impacts may result in changes to a
local community’'s species abundance and composition, community structure,
and/or ecological functioning, but any such changes would be spatially localized,
short term in duration, and would not alter the overall status of Sargassum or
associated communities in the GOM.

e Minor — Impacts are detectable and result in changes beyond the immediate
area of the impact-producing factor. Such impacts could result in noticeable
changes to a local community’s species abundance and composition, community
structure, and/or ecological functioning, but would be spatially localized, short
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term in duration, and would not alter the overall status of Sargassum or
associated communities in the GOM.

Moderate — Impacts cause substantial, population-level changes in species
composition, community structure, and/or ecological functioning beyond the
immediate area of the impact-producing factor. These impacts would be
expected to be spatially extensive and may impact communities that rely on
Sargassum for transportation of larvae, settlement, or food beyond the area of
the impact-producing factor. However, impacts to Sargassum and associated
communities are expected to be temporary, and there would be no disruption of
the global Sargassum cycle.

Major — Impacts result in the loss of Sargassum over large sections of the GOM.
This would result in substantial, population-level changes in species composition,
community structure, and/or ecological functioning for Sargassum and
communities that rely on Sargassum for transportation of larvae, settlement, or
food beyond the area of the impact-producing factor. These impacts would be
expected to be spatially extensive and possibly disrupt the global Sargassum

cycle.

45.1 Description of the Affected Environment

Plant Characteristics

The pelagic complex in the
GOM is comprised of Sargassum
natans and Sargassum fluitans (Lee
and Moser, 1998; Stoner, 1983;
Littler and Littler, 2000). Both
species  of  macrophytes live
immediately below the water surface
and are fully adapted to a pelagic
existence (Lee and Moser, 1998). As
can be seen in Figure 4-15,
Sargassum is characterized by a
brushy, highly branched thallus with
numerous leaflike blades and
berrylike pneumatocysts (Coston-

Figure 4-15.

Pelagic Brown Algae in the Genus Sargassum
(image courtesy of H. Scott Meister, South
Carolina Department of Natural Resources)
(USDOC, NOAA, 2014b).

Clements et al., 1991; Lee and Moser, 1998; Littler and Littler, 2000). These air bladders contain
mostly oxygen and can facilitate buoyancy (Hurka, 1971). Net production in Sargassum also
exceeds respiration by 1.3 times (Blake and Johnson, 1976), and the population can double in size
every 3 months (Lapointe, 1986), suggesting that Sargassum may be important in the global carbon
cycle. Sargassum plants may be up to a few meters in length and may be found floating alone or in
larger rafts or mats depending on the environmental and physiochemical factors. Reproduction
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typically occurs through fragmentation, and the size, shape, and distribution of Sargassum mats can
change rapidly depending on currents, wind, and other factors.

Life History

The life history of Sargassum in the GOM is part of a larger cycle that includes the mid-
Atlantic Ocean and the Caribbean Sea (Frazier et al., 2015). This cycle begins in the Sargasso Sea
where Sargassum remains year round. However, winds and currents move some of this Sargassum
south into the Caribbean Sea and eventually into the GOM via the Yucatan Channel. Once in the
GOM, it moves into the western area where it uses nutrient inputs from coastal rivers, including the
Mississippi River, for growth. As Sargassum abundance increases, plants would continue to travel
east during the summer months; however, a large quantity of plants would travel in to the nearshore
where they would be deposited on coastal beaches. Sargassum deposition on Gulf Coast beaches
is important because Sargassum facilitates dune stabilization and provides a pathway for nutrient
and energy transfer from the marine environment to the terrestrial environment (Webster and Linton,
2013). Eventually the plants moving east would be incorporated into the Gulf Stream where they
return to the Sargasso Sea (Figure 4-14). Throughout this cycle, plants would continue to grow,
reproduce, and die. When a plant dies, it can sink to the seafloor, transporting nutrients and
resources to the seafloor (Coston-Clements et al., 1991; Parr, 1939; Wei et al., 2012). Although the
cycle continues year round, the rapid growth of Sargassum populations in the western GOM typically
occurs during spring/summer (Gower et al., 2006; Gower and King, 2008; Gower and King, 2011).
Estimates suggest that between 0.6 and 6 million metric tons of Sargassum are present annually in
the GOM, with an additional 100 million metric tons exported to the Atlantic basin (Gower and King,
2008; Gower and King, 2011, Gower et al., 2013). The spatial expanse of this life history facilitates
the rapid recovery from episodic environmental perturbations because of the remote probability that
any single event could impact the entire spatial distribution.

Habitat Function

While in the oligotrophic waters of the
GOM, Sargassum provides islands of high energy
and carbon content in an otherwise nutrient and
carbon poor environment (Stoner, 1983). As can
be seen in Figure 4-16, Sargassum mats,
comprised of a single or multiple plants in a matrix,
support a diverse assemblage of marine
organisms, including micro- and macro-epiphytes
(Carpenter and Cox, 1974; Coston-Clements
etal., 1991), fungi (Winge, 1923), more than
100 species of invertebrates (Coston-Clements
et al., 1991; Huffard et al., 2014), over 100 species ) ) )
of fish (Dooley, 1972: Stoner, 1983: Huffard et al,, | '9ure 4-16. (Surga[goc':'ﬂgezA gﬁicfirfggscs;amn
2014), four species of sea turtles (Carr, 1987a; Exploratiém and I,?esearch, 2010).
Manzella et al., 2001), and various marine birds
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(Lee and Moser, 1998). Sargassum serves as nurseries, sanctuaries, and forage grounds for both
commercially and recreationally exploited species (Adams, 1960; Bortone et al., 1977; Dooley, 1972;
Wells and Rooker, 2004). Sargassum has also been identified as a critical habitat for the
loggerhead sea turtle (Caretta caretta) (Federal Register, 2014a). Community composition of
Sargassum mats vary spatiotemporally depending on the environmental and physiochemical factors
of the waters where the Sargassum mats reside, resulting in a high degree of biologic diversity in
species abundance, composition, and life history (Wells and Rooker, 2004).

Sargassum-Dependent Communities
Invertebrates

Epiphytic cyanobacteria contribute to overall production and nutrient recycling within the
Sargassum complex (Wells and Rooker, 2004). Sargassum is colonized by bacteria, hydroids, and
bryozoans, providing the base of a food web (Dooley, 1972). Both sessile and motile invertebrates
are found within the Sargassum community. Epifaunal organisms include colonial hydroids,
encrusting bryozoans, the polychaete Spirorbis, barnacles, sea spiders, and the tunicate Diplosoma
(Dooley, 1972; Coston-Clements et al., 1991; Huffard et al., 2014). Older plants can become heavily
encrusted with these organisms, causing them to sink to the seafloor. Some of the motile fauna
found within the Sargassum matrix include polychaetes, flatworms, nudibranchs, decapod
crustaceans, and various molluscs (Parr, 1939; Coston-Clements et al., 1991). Sargassum matrices
provide a habitat that affords a degree of protection, entrains food, and is an effective method for
traversing long distances for Sargassum-dependent and Sargassum and associated organisms.

Sea Turtles

Four of the five species of sea turtles found in the GOM (all are listed under the ESA) are
associated with floating Sargassum (Carr and Meylan, 1980; Carr, 1987a; Coston-Clements et al.,
1991; Schwartz, 1988; Witherington et al., 2012). The hatchlings of loggerhead, green (Chelonia
mydas), Kemp'’s ridley (Lepidochelys kempii), and hawksbill (Eretmochelys imbricata) sea turtles are
thought to find the Sargassum rafts when actively seeking frontal zones, then utilizing the habitat as
foraging grounds and protection during their pelagic “lost years” (juvenile years in which turtle
sightings are scarce) (Carr, 1987a; Coston-Clements et al., 1991; Witherington et al., 2012; Putman
and Mansfield, 2015). In 2014, NOAA designated critical habitat for the Northwest Atlantic Ocean
Distinct Population Segment for loggerhead sea turtles in waters including associated Sargassum
habitat and beach habitat of the GOM and along the U.S. Atlantic Coast (Federal Register, 2014a).
For additional information on sea turtles, refer to Chapter 4.9.2 (Protected Species).

Birds

The presence of Sargassum can also influence local abundance and occurrence of certain
species of marine birds by concentrating food, as many birds actively feed on or around the mats
(Lee and Moser, 1998; Moser and Lee, 2012). Birds with over 25 percent of their prey living in
Sargassum are classified as Sargassum specialists. Specialist species included several species of
shearwaters, terns, phalaropes, petrels, and gulls (Moser and Lee, 2012). For the birds that rely on
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Sargassum for food or rest, the importance of the Sargassum and associated communities to
seabird abundance and seasonal distribution is expected to be high (Moser and Lee, 2012). For
additional information on birds, refer to Chapter 4.8.

Fish

The assemblages of fishes using Sargassum as a habitat are highly variable in time and
space (Huffard et al., 2014). Jacks, pompanos, mackerels, scads, triggerfishes, filefishes,
seahorses, pipefishes, and frogfishes represent up to 97 percent of the fishes in Sargassum mats
(Dooley, 1972; Bortone et al., 1977). Some species that are endemic to Sargassum utilize the
habitat for early life stages as well as adult stages, while other species may rely on the habitat only
as a source of food, protection, and a method of passive transportation during early life stages
(Bortone et al., 1977; Wells and Rooker, 2004). The abundance of juvenile fish associated with
these mats suggests that they serve as an important nursery habitat for numerous species (Dooley,
1972). By serving as a nursery habitat for pelagic, benthic, and even estuarine species, Sargassum
may have influence on the recruitment success of the fishes using it as habitat. For additional
information on fish, refer to Chapter 4.7.

4.5.2 Environmental Consequences

Because of the spatial extent of the Sargassum cycle, the community dynamics of
Sargassum and Sargassum-dependent species are influenced by a myriad of complicated factors.
Many of these factors are poorly understood due to the size and scope of the Sargassum cycle. For
example, without any substantial changes in environmental conditions, the biomass of Sargassum
was 200-fold greater in 2011 than the previous 8-year average (Gower and King, 2011). The event
had its origin north of the mouth of the Amazon (Gower et al., 2013). The resulting large quantities
of Sargassum washing up on beaches became a nuisance for recreation. Additionally, comparisons
across a 40-year period documented that there was a change in community composition for the
Sargassum-dependent species found in the Atlantic Ocean (and presumably a pre-cursor to GOM
populations). However, no specific anthropogenic or environmental factor could be identified as the
source of change (Huffard et al., 2014). Conversely, one factor that may negatively influence
Sargassum communities is that the oceanographic processes that concentrate Sargassum into mats
and rafts may also concentrate surface pollutants and marine debris (Burns and Teal, 1973; Laffoley
et al., 2011; Powers et al., 2013). This was evident during the Deepwater Horizon explosion, oil
spill, and response as many Sargassum mats were found immersed in oil with little or no visible
living associated organisms (Powers et al., 2013). Additionally, Sargassum may be influenced by
many nonpoint sources of pollution as pollutants are concentrated, possibly magnifying the
environmental impacts of those substances (Laffoley et al., 2011).

Of major importance is that these communities play an important role to ESA-listed species
by providing food, habitat, and a method of transportation. BOEM consults on these species with
the FWS and NMFS. These species include sea turtles and birds; to read about the protected
species that use these habitats, refer to Chapters 4.9.2 and 4.9.4, respectively.
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45.2.1 Routine Activities

Impact-producing factors associated with routine activities for a proposed action that could
affect Sargassum are limited to impacts from vessel operations and impingement on oil and gas
structures. However, the impediment of the movement of Sargassum mats is expected to affect
such a small quantity of algae that impacts would be negligible with no consequences to the overall
Sargassum community.

Vessel Operations

It is expected that a fleet of vessels would be used to support oil and gas exploration,
production, and possibly other OCS oil- and gas-related operations across the GOM (Chapter
3.1.4.3). Because of the pelagic life history of Sargassum, vessels supporting oil and gas operations
would routinely come in contact with Sargassum and associated communities. When impacts occur,
it would be the result of oil or fuel spills (discussed in the “Accidental Events” chapter below) or
Sargassum coming in contact with the vessel hull or in contact with the propulsion system. The
consequence could be the break-up of Sargassum plants into smaller pieces, death of Sargassum
plants, or dislodging and/or death of epiphytic organisms or organisms living in close proximity to
Sargassum. However, impacts to Sargassum would only occur if the vessel is traveling at a high
rate of speed and comes in contact with the plants. If individual plants are broken into moderately
sized pieces during low-speed travel, it is expected that the plants would continue to grow as
multiple separate entities through vegetative propagation. For Sargassum-dependent organisms
that are physically attached to the plant matrix (e.g., epiphytes), dislodgement would result in death
as they sink to the seafloor or are preyed upon. For animals that live in close proximity to
Sargassum, it is expected that dislodgement would be temporary as they would find their way back
to the plant, or other plants, after the vessel had passed. Again, this would only occur if contact
occurs with the vessel traveling at a rate of speed great enough to actually dislodge organisms. This
critical speed would be dependent on sea-state, types of organisms present, vessel size, and depth
of Sargassum in the water column.

Regardless of the possibility of impacts to individual Sargassum plants and associated
communities, vessel operations are expected to have negligible impacts on the population of
Sargassum or to the animals that colonize the plants. The primary reason is that the Sargassum
cycle rapidly replaces (in days to weeks) any plants that are damaged or destroyed by OCS oil- and
gas-related vessels in a given area. Vessels and Sargassum each move haphazardly, minimizing
the possibility of contact to any particular piece of Sargassum. If contact does occur, there are few
locations on the vessel (e.g., rudders, intakes) where Sargassum could actually become impinged.
Additionally, the oceanographic processes that cause Sargassum to form large rafts would also
cause large pieces of marine debris (e.g., trees, lumber, and trash) to collect with the Sargassum.
As such, many vessels would avoid large rafts or slow down as they pass through, minimizing
potential impacts to Sargassum. Finally, many of the vessels working in the OCS oil- and gas-
related fields rely on displacement hulls rather than planing hulls. Because of this, most vessels
would push plants away from the vessel rather than colliding with the plants. Damage would be
limited to those that pass through the propulsion system of the vessel. Even on the largest vessels,
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the diameter of the propellers is relatively small, resulting in short-term, localized damage that
should have negligible impacts to the population of Sargassum or the organisms that coexist within
the plant matrix.

45.2.2 Accidental Events

Impact-producing factors associated with accidental events for a proposed action include
(1) impacts associated with drilling operations, (2) impacts due to vessel operations, and (3) impacts
resulting from an oil spill and associated cleanup operations. These impact-producing factors would
have varied effects depending on the intensity of the spill, the presence of Sargassum, and the
abundance of Sargassum in the vicinity of the spill.

Drilling Operations

Accidental events associated with drilling operations are limited to the accidental discharge
of oil (discussed separately below), drilling muds, and chemicals into the water column (Chapter
3.2.6). This type of event may occur if the equipment separating SBFs from the cuttings
malfunctions. Although the toxicity of SBFs is regulated by the USEPA and are not typically toxic
(USEPA, 2004, 2007, and 2009b), an unexpected release into a Sargassum raft could potentially
result in damage to the plants or the organisms that inhabit Sargassum. Because of the high cost of
SBFs, the systems responsible for separating SBFs from the drill cuttings for reuse are monitored
closely; as such, accidental discharges of SBFs would tend to be limited in size and scope. Once in
the water column, SBFs would clump and sink quickly and impact only the plants and animals that
come in contact with the SBFs. Because Sargassum is constantly moving horizontally within the
environment, the abundance of plants that could be impacted by any given accident would be
minimal. Due to the cyclical life history of Sargassum, dead plants would sink to the seafloor and
would rapidly be replaced by new plants moving into the area. Although impacts could occur at
isolated locations and at a small scale, they would be limited in size, scope, and duration, with
negligible population-level impacts expected.

Vessel Operations

Although regulated by MARPOL and other regulations, one type of accidental event
associated with vessel operations that may impact Sargassum is the release of floating debris into
the surface waters of the GOM (Chapters 3.1.5.2 and 3.2.7). Another is spills caused by vessel
collisions. The accidental release of marine debris could occur when cargo is not properly restrained
on deck while underway or during transfer operations between vessels and platforms. Losses of
large quantities of debris are rare; however, losses of smaller pieces of debris might happen (e.g.,
trash, safety vests, hardhats, etc.). Floating debris is subject to the same oceanographic process
that influences and moves Sargassum, resulting in marine debris and Sargassum rafting together.
Marine debris may have little impact on the plants, but the organisms living in close proximity might
be impacted. This includes the ingestion of plastics by sea turtles, ingestion of microplastics by
fishes and invertebrates, or the release of toxins from within an object (e.g., a bucket of paint) or as
an object undergoes degradation (Engler, 2012; Schuyler et al., 2012; Wright et al., 2013). Given
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the lack of stationary gyres in the GOM, OCS oil- and gas-related floating debris would not be
expected to remain long enough to undergo substantial degradation before washing ashore along a
beach or sinking to the seafloor. There is a remote possibility that some debris might be advected
within the Gulf Stream and carried to the gyre in the mid-Atlantic. This debris could remain long
enough to undergo degradation or be ingested; however, this would be a small enough amount of
debris from OCS oil- and gas- related activities to have a negligible impact. BOEM and BSEE have
addressed the marine debris issue by historically imposing marine debris awareness and prevention
on the oil and gas industry through NTL 2015-BSEE-G03 as a part of the Protected Species
Stipulation. Overall, vessel operations are expected to have a negligible impact on Sargassum and
their associated communities because of the minimal volume expected and short residency times.

Oil Spills and Associated Cleanup Operations

Oil spills are the major accidental events of concern to the Sargassum community (refer to
Chapter 3.2.1 for information on oil spills). The risk of various sizes of oil spills occurring as a result
of a proposed lease sale is presented in Table 3-17.

All known reserves in the GOM have specific gravity characteristics that indicate the oil
would float to the sea surface (Chapter 3.2.1.2). Oil on the sea surface has the potential to
negatively impact Sargassum communities. Some components of oil on the sea surface would be
removed through evaporation, dissipation, biodegradation, and oil-spill cleanup operations; however,
depending on the size of the spill, some of them could persist, contacting Sargassum communities
(Chapters 3.2.1.3 and 3.2.8). Qil at the sea surface can be mixed into the upper water column by
wind and wave action to a depth of approximately 33 ft (10 m) (Lange, 1985; McAuliffe et al., 1975
and 1981b; Knap et al., 1985). With vigorous wave action, the oil can form an emulsion with water
that is viscous and persistent. Oil treated with dispersant on the sea surface would mix with the
water where its contact with Sargassum may be temporarily increased in the upper few meters of the
water column (McAuliffe et al., 1981a). As time passes, the oil would begin to adhere to particles in
the water column, form clumps, and sink toward the seafloor (International Tanker Owners Pollution
Federation Limited, 2002; Kingston et al., 1995; Powers et al., 2013).

The impacts of oil contact with Sargassum communities would vary depending on the
severity of exposure. Sargassum that contacts concentrated oil that coats the algae and attached
organisms would likely die and sink to the seafloor (Powers et al., 2013). Motile organisms that are
dependent on the algae for habitat (e.g., shrimp, crabs, nudibranchs, snails, Sargassum fish, etc.)
may also be directly contacted by the oil, resulting in death, or may be displaced into open water.
Sargassum exposed to oil in lower concentrations may suffer sublethal impacts and concentrate
hydrocarbons, toxins, and chemicals (Burns and Teal, 1973). Exposure to these low-level toxins
could result in the loss of associated organisms that use the algae as a substrate and other
organisms that use the matrix as habitat due to the presence of bacterial-mediated hypoxic
conditions in the immediate vicinity of the plant as the oil is consumed (Powers et al., 2013).
However, hypoxia would be naturally mitigated due to wave action. Pelagic organisms feeding on or
around the community may suffer sublethal effects that could reduce health and reproduction
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through reduced growth or fecundity. For information on fauna that can be part of the Sargassum
community, refer to Chapters 4.7 (Fish and Invertebrate Resources), 4.8 (Birds), 4.9.2 (Sea
Turtles), and 4.9.4 (Protected Birds).

Spill-response activities may contribute to negative impacts on Sargassum (refer to Chapter
3.2.8 for information on oil-spill response activities). The number of vessels concentrated in a given
area to clean up a spill can increase physical damage to the Sargassum community, especially in
the immediate vicinity of the spill. Response activities, such as skimming oil from the sea surface or
burning oil at the surface, can damage and remove Sargassum that may not have contacted oil.
However, for oil-coated Sargassum, these impacts may be inconsequential, as a large part of the
Sargassum affected would not be expected to survive (Powers et al., 2013). Another major
response activity that may occur is the spraying of dispersant. Direct effects of dispersant on many
of the more mobile constituents of the Sargassum community are limited, but dispersants are toxic to
Sargassum plants and many invertebrates (Powers et al., 2013; Almeda et al., 2014). The use of
dispersants is a trade-off to achieve the least overall environmental damage. For example,
dispersants may increase short-term contact of oil with Sargassum and may have some inherent
toxic properties, but their use can promote diffusion of oil, resulting in biodegradation, clumping, and
sinking.

A spill may impact the survivability and productivity of Sargassum in an area (Powers et al.,
2013). However, an accidental spill would only be expected to have an impact in the immediate
area and would be short in duration. Given the life history of Sargassum, it is expected that, for an
accidental spill, fresh plants would replace the old plant within days to weeks. The new plants would
also provide habitat for any organisms with the desire to leave impacted plants, which could happen
in the natural life cycle of Sargassum. The Sargassum community is widely distributed over a very
large area, including two oceans, and appears to have an annual cycle of growth that lends itself to
resilient recovery in a short time. Due to the spatial extent of the Sargassum cycle, impacts due to
an accidental oil spill (large or small) are expected to be negligible to the Sargassum population;
however, in the immediate area of a spill, the localized and short-term impacts could range from
moderate to major depending directly on the size of the spill and amount of Sargassum in the area.

4.5.2.3 Cumulative Impacts

Several impact-producing factors can affect Sargassum, including vessel-related operations,
oil and gas drilling discharges, operational discharges, accidental spills, non-OCS oil- and gas-
related vessel activity, and coastal water quality.

Cumulative OCS Oil and Gas Program

Vessels transiting the GOM pass through Sargassum mats and may produce slight impacts
to the Sargassum community, such as some propeller-related impacts, and possible impingement
impacts (refer to Chapter 3.3.1.7 for information on cumulative service-vessel numbers). None of
these would have more than minor localized impacts to the mats, but they could lead to the loss of
plants or stress for organisms, albeit haphazardly due to the variability in vessel traffic and
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Sargassum movement patterns. The OCS oil- and gas-related structures can impede the movement
of Sargassum mats and may entrap small quantities of the algae. Combined, these impacts are
expected to remain negligible with no consequences to the overall Sargassum community either
spatially or temporally.

The OCS oil- and gas-related drilling results in discharges of drill cuttings with small
quantities of associated drilling muds and well treatment chemicals. Most cuttings from well drilling
are discharged from the drill platform at the sea surface where they disperse (CSA, 2006; Kennicutt
et al., 1996; NRC, 1983). Floating mats of Sargassum that pass by a drilling operation would
experience short-term exposure to drill cuttings with associated muds and well treatment chemicals.
Discharges are regulated by USEPA to require that discharges released into the environment are
nontoxic or not concentrated enough to become toxic (USEPA, 2004, 2007, and 2009b). Drilling
operations create an area of high turbidity in the vicinity of cuttings discharges. Impacts from
sedimentation to the community organisms may include “changes in respiration rate, abrasion and
puncturing of structures, reduced feeding, reduced water filtration rates, smothering, delayed or
reduced hatching of eggs, reduced larval growth or development, abnormal larval development, or
reduced response to physical stimulus” (Anchor Environmental CA, L.P., 2003). Combined with
other impacts, the results would still remain negligible given the haphazard nature of Sargassum
movements.

The OCS oil- and gas-related platforms and drill ships produce similar effects with
operational discharges. Larger vessels and offshore platforms discharge effluents from sanitary
facilities (gray water) and circulate seawater to cool ships’ engines, electric generators, and other
machines. The cooling water discharge may be up to 20 °F (11 °C) warmer than the surrounding
seawater (USDHS, CG and USDOT, MARAD, 2003; Patrick et al., 1993). This temperature
difference can accumulate in the vicinity of the discharge. For OCS oil- and gas-related stationary
platforms and drill ships, localized warming of the water could occur (Emery et al., 1997; USDHS,
CG, and USDOT, MARAD, 2003). However, the warm water is rapidly diluted, mixing to background
temperature levels within 328 ft (100 m) of the source (USDHS, CG and USDOT, MARAD, 2003).
Additionally, produced waters from stationary locations are rapidly diluted, and impacts are only
observed within 328 ft (100 m) of the discharge point (Neff and Sauer, 1991; Trefry et al., 1995;
Gittings et al., 1992b). Those effects are localized, with only brief contact to passing Sargassum
before dilution to background levels; however, this could result in discomfort, displacement, or death
to some of the more sensitive organisms. These effects would comprise a negligible portion of the
overall cumulative impact to Sargassum communities.

Accidental spills of oil and other chemicals could affect Sargassum and its community
wherever they contact the algae. Small spills would have a limited local effect on a small portion of
the Sargassum community. Short-term exposure of Sargassum to high concentrations of oil and
chemicals could result in death and sinking of the algae and organisms contacted. The size of the
overall impact on Sargassum and associated communities would depend on the size of the spill and
the success of spill-response efforts; substantial impacts could be expected to the organisms
exposed. This includes death if oil concentrations in the water column are great enough to result in
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ingestion of oil or coating of the organisms residing in the vicinity of Sargassum mats (Fucik et al.,
1995; Brewton et al., 2013).

Cumulative impacts of the OCS Oil and Gas Program include past actions such as the
Deepwater Horizon oil spill. Studies of the impact of the spill on Sargassum have shown that the
spilled oil affected 23 percent of the Sargassum in the northern Gulf of Mexico with heavy oil. In
addition to the 873-1,749 km? (337-675 mi®) of area in which Sargassum was contacted by oil, total
loss to the population was estimated to include an additional 4,524-9,392 km? (1,747-3,626 mi?) of
foregone area from lost growth (Deepwater Horizon Natural Resource Damage Assessment
Trustees, 2016). This represents a major impact to the Sargassum of the Gulf of Mexico. Due to
the high growth rate, which is estimated to be approximately 4 percent per day, recovery would be
swift. Powers et al. (2013), using aerial surveys in 2010, 2011, and 2012, documented a four-fold
increase in Sargassum abundance above that observed in 2010 during and shortly after the spill.
Therefore, due to the extensive nature of the impact and the resilient nature of the Sargassum
population, the cumulative impacts to Sargassum are estimated to be minor to moderate.

Non-OCS Oil- and Gas-Related Impacts

Marine vessels of all types produce at least some minor effects to the environment (refer to
Chapter 3.3.2.2). Increased abundance of non-OCS oil- and gas-related vessels operating in the
same environment as Sargassum presents an increase in the expected vessel-related damage to
Sargassum and associated communities. Given that most vessels are limited to the waters
nearshore (e.g., recreational fishermen), the impacts on Sargassum are expected to be minor.
Sargassum found in near-coastal waters is expected to eventually senesce (the process of aging in
plants) and sink to the seafloor or be deposited on coastal beaches. As such, additional damage to
any Sargassum that may occur would not impact the population. Offshore traffic would be limited
and occur in a haphazard manner beyond shipping lanes. As such, the movement of Sargassum,
combined with the movement of vessels, reduces the potential for impacts to any given Sargassum,
resulting in negligible cumulative impacts by non-OCS oil- and gas-related vessel traffic.

Declining coastal water conditions in the Gulf of Mexico, due to eutrophication, are a non-
OCS oil- and gas-related impact that could result in landscape level impacts to Sargassum (Chapter
3.3.2.11). Increased nutrient loading can lead to increased turbidity from plankton growth (e.g., in
the summer; refer to Chapter 3.3.2.12). Turbidity could result in a decrease in Sargassum
production and result in stress to the organisms utilizing these habitats, while increased nutrients
could result in an increased growth of Sargassum. A reduction in production could result in a
decrease in the ability of Sargassum to sequester nutrients and carbon dioxide and to produce
oxygen, while an increase in production could provide more habitat. The exact impact of declining
water quality is unknown because Sargassum can pass in and out of these waters depending on the
prevailing conditions, and much of the more hypoxic and highly turbid waters occur nearshore where
Sargassum would not normally survive because it would be deposited on a coastal beach or
senesce (the process of aging in plants) and sink to the seafloor.



Description of the Affected Environment and Impact Analysis 4-159

Impacts associated with possible climate change impacts remain unknown for a habitat with
such a wide-ranging distribution. Increased temperatures could result in benefits to Sargassum by
increasing the range where the plants could be found and by increasing growth rates. This could
result in beneficial impacts like increased sequestration of nutrients and more potential habitat for
colonization and increased larval survival. However, it is possible that growth rates could increase to
a point where the fouling of beaches and shipping lanes in the GOM and the Atlantic Ocean could
become problematic, resulting in moderate to major impacts to coastal communities. Additionally,
stratification of the water column and changes in current patterns due to a changing climate could
alter access to nutrients and move Sargassum into areas not previously observed. Finally,
organisms that colonize Sargassum could be impacted as pH levels fluctuate, resulting in negative
impacts. Combined, this would result in impacts ranging from beneficial to major and would be
expected to vary by location, given the distribution of Sargassum. As such, impacts of climate
change to Sargassum are not easily estimated.

Combined, the cumulative impacts of OCS oil- and gas-related operations would be minor to
moderate to the population, as there have been extensive impacts to Sargassum and associated
communities, but recovery has been rapid. Because the Sargassum cycle occurs across a large
portion of the Western Hemisphere (Frazier et al., 2015), because OCS oil- and gas-related
operations rarely occur in dense aggregations, especially with respect to drilling operations, and
especially because of the high reproductive rates of Sargassum, the incremental impacts of a
proposed action on the population of Sargassum would be negligible. Non-OCS oil- and gas-
related vessel traffic is not expected to have a substantial impact on Sargassum and associated
communities; however, declining coastal water quality as a result of eutrophication could, as
described in Chapter 4.2 (Water Quality). Regardless, the incremental impact of a proposed action
on the population of Sargassum would be negligible when considered in the context of cumulative
impacts to the population. Impacts from changing water quality and climate change would be much
more influential on Sargassum than OCS development and would still occur without the presence of
OCS oil- and gas-related operations.

45.2.4 Incomplete or Unavailable Information

Although much is known about Sargassum and its life history, incomplete or unavailable
information still remains. This incomplete or unavailable information includes information on the
effects of in situ oil exposure and the factors impacting the movement patterns of Sargassum.
BOEM used existing information and reasonably accepted scientific methodologies to extrapolate in
completing the analysis above. BOEM has determined that there are few foreseeable significant
adverse impacts to the Sargassum population associated with a proposed action, using publications
such as Frazier et al. (2015), Gower and King (2011), Gower et al. (2013), and Powers et al. (2013).
Gower and King (2011) and Gower et al. (2013) suggest that Sargassum is continually present in the
west-central GOM and that it moves in a general west-to-east pattern during the growing season;
however, movements at a finer temporal or spatial scale are more difficult to predict. Frazier et al.
(2015) built upon these studies and developed a more finite life cycle for Sargassum that links the
Sargasso Sea Sargassum populations with the GOM populations. With respect to the effects of
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oiling from the Deepwater Horizon oil spill, Liu et al. (2014) noted that the toxicity or the presence of
oil across the surface waters of the GOM was also variable at any given time, suggesting that it is
difficult to predict the effects of Sargassum coming into contact with surface oil. Additionally, Lindo-
Atichati et al. (2012) suggested that patterns of larval fish in the surface currents in the northern
GOM were not consistent spatially or temporally and that they were highly dependent on mesoscale
current structures like the Loop Current and associated eddies. Combined, these studies suggest
that, as Sargassum is passively moved in the surface waters, its presence at any given location or at
any given time is difficult to predict, especially as the population grows exponentially during the
growing season. Ultimately, the ephemeral and wide-ranging nature across the northern GOM and
the reproductive capabilities of Sargassum provide a life history that is resilient towards localized or
short-term deleterious impacts, such as those expected to be associated with OCS oil- and gas-
related routine activities and noncatastrophic oil or SBF spills. Therefore, BOEM has determined
that the incomplete information on Sargassum is not essential to a reasoned choice among
alternatives and that the information used in lieu of the unavailable information is acceptable for this
analysis.

45.25 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

Sargassum has a yearly cycle that promotes quick recovery from impacts. Therefore, most
routine and accidental impact-producing factors would be expected to result in negligible impacts
because they only impact a small percentage of the population and impacts would be limited in size
and scope as new plants rapidly replace the impacted plants. In addition, the cumulative impact on
Sargassum and associated communities for Alternative A would be minor to moderate due to the
large scale of the impacts from the Deepwater Horizon oil spill to the population, the extremely large-
scale distribution, and the high reproductive rate of Sargassum. The incremental impacts of
Alternative A to Sargassum and associated communities are expected to be negligible.

45.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the WPA Portion of the Proposed Lease Sale Area

Under this Alternative, impacts to Sargassum and associated communities would be mostly
eliminated in the WPA area. Some remaining impacts would occur from vessels docking in the WPA
and operating in the CPA or EPA, and from the cumulative impacts associated with previous OCS
oil- and gas-related development and non-OCS oil- and gas-related activities. Any spill-related
impacts would be limited to the areas along the WPA/CPA boundary and would not impact
Sargassum communities beyond the area of the spill. While the CPA/EPA has the greatest potential
for OCS oil and gas-related activity, Sargassum is common throughout the area and it routinely
moves across the Gulf. As such, any localized impacts would be short-term as plants are replaced,
resulting in no population-level impacts, and therefore, impact conclusions do not differ from
Alternative A, which are negligible.
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45.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available Unleased
Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

Under this Alternative, impacts to Sargassum and associated communities would be mostly
eliminated in the CPA/EPA area. Some remaining impacts would occur from vessels docking in the
CPA and operating in the WPA, and from the cumulative impacts associated with previous OCS oil-
and gas-related development and non-OCS oil- and gas-related activities. Any spill-related impacts
would be limited to the areas along the WPA/CPA boundary and would not impact Sargassum
communities beyond the area of the spill. While the WPA is a smaller area with less projected
activity than is proposed for the CPA/EPA, Sargassum is common throughout the area and it
routinely moves across the Gulf. As such, any localized impacts would be short-term as plants are
replaced, resulting in no population-level impacts, and therefore, impact conclusions do not differ
from Alternative A or B, which are negligible.

45.2.8 Alternative D—Alternative A, B, or C, with the Option to Exclude Available Unleased
Blocks Subject to the Topographic Features, Live Bottom (Pinnacle Trend), and/or
Blocks South of Baldwin County, Alabama, Stipulations

Under this Alternative, impacts to Sargassum would be similar to those described in
Alternative A, which are negligible. Sargassum moves in the Gulf of Mexico over great spatial
scales and it would be expected to move in and out of these currently available unleased blocks
depending on prevailing meteorological processes. Additionally, the exclusion of any or all of the
blocks subject to these stipulations would remove only a relatively small number of blocks (<4%) and
would not be expected to reduce the potential for any of the impacts decribed in Alternatives A, B,
and C.

45.2.9 Alternative E—No Action

Under Alternative E, a proposed lease sale would be cancelled and the potential for impacts
from routine activities and accidental events would be none. Under this Alternative, impacts to
Sargassum would be limited to cumulative impacts associated with past, present, and future OCS
oil- and gas-related development and non-OCS oil- and gas-related activities. Sargassum moves in
the Gulf of Mexico over great spatial scales and it would be expected to move in and out of the
previously leased blocks depending on prevailing meteorological processes. In addition, many
blocks already have OCS oil- and gas-related development, and Sargassum would continue to be
impacted by routine activities and accidental events from pre-existing OCS oil- and gas-related
development, although future impacts would likely be negligible.

4.6 LIVEBOTTOM HABITATS

This chapter describes shallow-water hard/live bottom habitats in Gulf of Mexico OCS
planning areas. Hard bottoms are naturally occurring, rocky, consolidated substrates that are
geological (e.g., exposed sedimentary bedrock) or biogenic (e.g., carbonate relic coral reef) in origin.
These habitats occur throughout the GOM but are relatively rare compared with the soft bottoms that
are ubiquitous. Hard bottoms, particularly those having measurable vertical relief, can serve as
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important habitat for a wide variety of marine organisms. Encrusting algae and sessile invertebrates
such as corals, sponges, sea fans, sea whips, hydroids, anemones, ascidians, and bryozoans may
attach to and cover hard substrates, thereby creating “live bottoms,” a term first coined by Cummins
et al. (1962). The attached flora and fauna of live bottoms, such as large sponges and structure-
forming corals, further enhance the structural complexity of the benthic environment. Complex
structure offers shelter that can be attractive to smaller invertebrates and fishes (Fraser and
Sedberry, 2008), which, in turn, can provide food for a variety of larger fishes, including some
commercially important fisheries (Szedimayer and Lee, 2004; Gallaway et al., 2009). Refer to
Chapter 4.7 (Fishes and Invertebrate Resources) and the Essential Fish Habitat Assessment white
paper (USDOI, BOEM, 2016d) for more detail. Seagrasses can also be considered a type of live
bottom, but they have very different physical characteristics and species assemblages than the
above and are thus analyzed separately in Chapter 4.3.1.

Defined topographic features (Chapter 4.6.1) are a subset of GOM live bottom habitats that
are large enough to have an especially important ecological role, with specific protections defined in
the Topographic Features Stipulation. The Live Bottom (Pinnacle Trend) Stipulation (Appendix D)
has historically been applied to specific lease blocks in the CPA and EPA (Figure 4-17, areas shown
in red) with the highest known concentrations of other live bottom features. These features are
much smaller in size than the topographic features. Live bottom habitats found outside these
stipulation lease blocks are not specifically included in the stipulation but are still given site-specific
protections by BOEM during site-specific plan reviews (Appendix B). In Figure 4-17, the smaller
black polygons represent the 38 named topographic features; selected fishery management areas
on the West Florida Shelf, known to have high concentrations of live bottoms, are shown in gray.
The GOM live bottoms are not limited to the features/areas shown in Figure 4-17.

Figure 4-17. Lease Blocks Subject to the Topographic Features and Live Bottom (Pinnacle Trend)
Stipulations.
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4.6.1 Topographic Features and Associated Communities

This analysis considers the reasonably foreseeable impacts of a proposed action’s routine
activities, accidental events, and the incremental contribution to cumulative impacts on GOM
topographic features and these physical features’ associated benthic communities (hereafter
referred to as “topographic features”) over a 50-year period. Because a catastrophic oil spill is not
considered reasonably foreseeable, those potential impacts (including long-term recovery) are
addressed in the Catastrophic Spill Event Analysis white paper (USDOI, BOEM, 2017). The impact
significance criteria and resulting conclusions presented here (Table 4-13) focus on the overall
functioning, resilience, and ecosystem-level importance of topographic features throughout U.S.
waters of the GOM.

Because of the similarity and overlap of the effects of many oil- and gas-related activities that
occur in the OCS, the impact-producing factors considered for topographic features can be divided
into three broad categories: drilling and exploration operations; vessel operations; and oil spill and
associated cleanup activities. The impact-producing factors evaluated for this resource are listed
below:

e Drilling, Exploration, and Decommissioning
— Bottom-disturbing activities (Chapter 3.1.3.3.2)
— Deposition of sediments onto the seafloor (Chapter 3.1.3.3.3)

o Vessel Operation
— Bottom-disturbing activities (Chapter 3.1.3.3.2)
— Loss of debris

e Accidental Spills and Associated Cleanup

Spills resulting from surface or subsea sources (Chapter 3.2.1)
Sediment burial

— Chemical and drilling-fluid spills (Chapter 3.2.6)

— Cleanup operations not related to vessel operation (Chapter 3.2.8)

An in-depth analysis of these potential impact-producing factors determined that, although
many may occur within the GOM, few could occur at an extent sufficient to cause impacts to the
topographic features as a whole (Table 4-13), partly because the topographic features are spread
widely across the GOM. The potential magnitude of impact for each of the analyzed impact-
producing factors is provided in Table 4-13 to help the reader quickly identify the level of potential
impacts for each impact-producing factor. The impact-level definitions and the analyses supporting
these conclusions are then discussed in detail in this chapter.
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Table 4-13. Topographic Features Impact-Producing Factors That Are Reasonably Foreseeable.

Topographic Features

Magnitude of Potential Impact’

Impact-Producing
Factors

Alternative A

Alternative B

Alternative C

Alternative D

Alternative E

Routine Impacts

Bottom-Disturbing Activities Associated with Drilling, Exp

loration, and Decommissioning

With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None
Bottom-Disturbing Activities Associated with Vessel Operations
With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None
Accidental Impacts

Bottom-Disturbing Activities Associated with Drilling, Exploration, and Decommissioning
With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None
Chemical and Drilling-Fluid Spills
With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None
Bottom-Disturbing Activities Associated with Vessel Operations
With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None
Qil Spills and Associated Cleanup Activities

Large and Small Spills Resulting from Surface or Subsea Sources
With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None

Cleanup Operations Not Related to Vessel Operation
With Mitigation Negligible Negligible Negligible Negligible None
Without Mitigation Moderate Moderate Moderate Negligible None

Cumulative Impacts
'c"éﬁ?ﬁ%i?.f#z Negligible | Negligible | Negligible Negligible None
OCS Oil and Gas® Negligible
Non-OCS Oil and Gas* Negligible to
Moderate

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences’

chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.

* This includes other past, present, and reasonably foreseeable future activities occurring within the
same geographic range and within the same timeframes as a proposed action, but they are not related
to the OCS Oil and Gas Program.
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Impact-Level Definitions

For this analysis, the following definitions were used to categorize impacts to topographic
features:

e Negligible — Impacts to topographic feature communities are largely
undetectable. There is some potential for even undetectable impacts to cause
slight changes to a local community’s species abundance and composition,
community structure, and/or ecological functioning, but any such changes would
be spatially localized, short term in duration, and would not impact other
topographic features.

e Minor — Impacts to topographic feature communities are detectable but cannot
be distinguished from natural variation. Such impacts could result in noticeable
changes to a local community’s species abundance and composition, community
structure, and/or ecological functioning, but would be spatially localized, short
term in duration, and recovery would be expected.

e Moderate — Impacts to topographic feature communities that result in
substantial, population-level changes in species composition, community
structure, and/or ecological functioning. These impacts would be expected to be
spatially extensive, spanning across several topographic features, but impacts
are expected to result in temporary changes and recovery would be likely.

e Major — Impacts to topographic feature communities that result in substantial,
population-level changes in species composition, community structure, and/or
ecological functioning. These impacts would be expected to be spatially
extensive and noticeably alter the overall status of many topographic features
communities in the GOM. Long-term recovery to pre-impact community
structure, species abundance, or ecological function is unlikely.

The impact-producing factors related to the release of toxins and sediments were not carried
forward for further analysis because these discharges are managed through the NPDES permitting
process or MARPOL Annex V Treaty. Regulation and enforcement of these laws is conducted by a
number of agencies, including USEPA, NOAA, BSEE, and USCG, and is intended to ensure that
water quality is maintained at an acceptable level. Compliance is assumed; therefore, these factors
are not further analyzed in this chapter. Similarly, the release of marine debris is also regulated by
the USCG and MARPOL and is strictly prohibited; this is reinforced by NTL 2015-BSEE-G03, which
imposes marine debris awareness and prevention measures on the oil and gas industry.
Historically, NTL 2015-BSEE-GO03 has been made a binding part of leases through the Protected
Species Stipulation. As such, accumulation of debris at levels great enough to impact a topographic
feature is unlikely. Another impact-producing factor not carried forward for further analysis is
impacts resulting from a vessel sinking and coming to rest on a topographic feature. An OCS oil-
and gas-related vessel sinking is a rare event and it is not reasonably expected that a vessel sinking
in the OCS would come to rest on a topographic feature. Sediment burial and surface response
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operations that would occur during an oil spill were also not carried forward. Response operations
may occur at the water surface above a topographic feature; however, none of the technologies
employed to remove oil at the surface operate at a depth deep enough to impact a topographic
feature. An accidental sediment burial of organisms during a spill was also not carried forward
because it is not reasonably foreseeable that this type of event would occur outside of a catastrophic
situation. A review of BSEE’s records show that an accidental burial event has not occurred since at
least 2006, which was when reporting requirements changed to require reporting of this type of
event (USDOI, BSEE, 2015d). As such, only the following impact-producing factors were carried
forward to a full analysis for routine activities and accidental events:

¢ Routine Activities
—  Dirilling, exploration, and decommissioning (Bottom-disturbing activities)
— Vessel operation (Bottom-disturbing activities)
e Accidental Events
—  Dirilling, exploration, and decommissioning
= Bottom-disturbing activities
= Chemical and drilling-fluid spills
— Vessel operation (bottom-disturbing activities)
— Oil spill and associated cleanup
» Large and small spills resulting from surface or subsea sources

= Cleanup operations not related to vessel operations

Historical Protections of Topographic Features

In the Gulf of Mexico, topographic features are known to function as large-sized, hard
substrate habitats that enable settlement of sensitive benthic organisms, concentrate fishes, and
substantially contribute to the ecology of the GOM. Many of these features have been identified as
locations of particular value that may require a greater degree of protection from OCS oil- and gas-
related activities. As such, beginning in 1973, BOEM's predecessor agency established and
implemented a Topographic Features Stipulation (also referred to here just as “stipulation”) that
applies conditions to OCS oil- and gas-related activities occurring in the vicinity of these features.

Adherence to the provisions of this stipulation helps protect the resources by distancing OCS
oil- and gas-related activities away from the most sensitive areas of topographic features in order to
minimize negative impacts of routine activities and accidental events. Historically, this stipulation
has been applied consistently to all leases in OCS areas with defined topographic features. The
stipulation establishes a No Activity Zone around the most ecologically sensitive core area of each
identified topographic feature, within which no bottom-disturbing activities are allowed. Additionally,
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BOEM extends a 500-ft (152-m) buffer around each of these No Activity Zone boundaries, further
restricting bottom-disturbing activity. The additional 500-ft (152-m) buffer policy was developed in
consultation with NOAA to further protect areas of topographic features that were not originally
included in the defined No Activity Zones. In addition, for most of the features, the stipulation also
establishes variably sized concentric shunting zones surrounding the No Activity Zones, within which
BOEM requires that drill cuttings and drilling fluids be shunted to near the seafloor to minimize the
seafloor area affected by the cuttings and fluids.

Refer to Appendix D for further details of the Topographic Features Stipulation and NTL
2009-G39, “Biologically-Sensitive Underwater Features and Areas,” which provides information and
consolidates guidance to help operators understand BOEM's requirements related to sensitive
shallow-water benthic habitats. These requirements are designed to prevent or limit any impacts to
topographic features from routine activities and accidental events. This analysis assumes that these
(or functionally equivalent) protections will continue to be a requirement for OCS oil- and gas-related
activities resulting from a proposed action throughout the 50-year analysis period. Furthermore, the
Secretary of the Interior has decided in the Record of Decision for the Five-Year Program to include
the Protection of Biologically Sensitive Underwater Features as landscape mitigation for the
10 proposed lease sales in the GOM (USDOI, 2017).

4.6.1.1 Description of the Affected Environment

Topographic features (also called banks) are a subset of hard bottom habitats found in the
GOM that are large enough in individual size to have a particularly important role in the GOM
ecosystem. Although large in size, these features (and hard bottom habitats as a whole) are
relatively rare compared with the expansive soft bottoms found throughout the central and western
GOM (Parker et al., 1983). Topographic features can be created through the uplift of bedrock by
underlying salt diapirs and the exposure of fossilized barrier islands, or they can be formed from relic
carbonate reefs (Rezak and Bright, 1981a and 1981b; Berryhill et al., 1987). Regardless of origin,
these subsea banks provide areas of hard substrate that support benthic and fish communities with
relatively high biomass, diversity, and abundance. The structurally complex habitats of these
features also provide shelter, food, and nursery grounds that support large numbers of commercially
and recreationally important fishes (Johnston et al., 2015; Nash et al., 2013). Many of these habitats
remain relatively pristine and have a high aesthetic and scientific value in part because they
represent ecological and/or geographic extremes for many species (Rezak and Bright, 1981a; Nash
et al., 2013; Johnston et al., 2015).

Within the GOM, BOEM has identified 38 topographic features with sufficiently unique
geography and ecology (Rezak and Bright, 1981a; Rezak et al., 1983) to continue warranting some
degree of protection from OCS oil- and gas-related activities. There are 22 topographic features in
the WPA, 16 in the CPA, and 0 in the EPA (Figure 4-17). As detailed above, in previous lease
sales, all of these banks were provided a designated No Activity Zone, in which all OCS oil- and gas-
related bottom-disturbing activities were prohibited. The No Activity Zones were defined based on a
specific depth contour for each feature. They are designed to protect the most sensitive area of the
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features. In addition, EFH programmatic consultation with NMFS specified that drilling should not
occur within 152 m (500 ft) of a No Activity Zone of a topographic feature. Any bottom-disturbing
activities within that buffer distance would first require project-specific EFH consultation with NMFS.
Most of the topographic features have also been given additional restrictions beyond the No Activity
Zone, specifically the drilling discharge shunting zones.

Figure 4-18 presents an illustrative example of the ecology of topographic features, showing
the various types of habitats found at different depths. Each of the labels represents different
ecological zones common to topographic features. Note that rarely do all of the possible zones
occur on a single feature. For example, East Flower Garden Bank contains all but one of the
ecotones, i.e., the Millepora-Sponge Zone. This zone occupies depths comparable to the Diploria-
Montastraea-Porites Zone on the claystone-silistone substrate of the Texas-Louisiana midshelf
banks. Crusts of hydrozoan corals (Millepora alcicornis), sponges, and other epifauna typically
occupy the tops of outcrops in this zone, but scleractinian corals and coralline algae are rare (Rezak
et al., 1990).

Figure 4-18. Ecological Representation of Common Features on Topographic Features in the Gulf of
Mexico.
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Topographic features in the GOM are subject to an array of environmental conditions,
resulting in a large number of ecological community types. This includes a range from the highly
productive hermatypic (i.e., reef building) corals found at the Flower Garden Banks to habitats such
as Dunn Bar, which possess less productive and less diverse benthic habitats but are still known to
concentrate fishes (Rezak and Bright, 1981b; Nash et al., 2013).

Bank Classification
Shelf-Edge Banks

The shelf-edge banks generally exhibit the greatest range of habitat types of all the
topographic features because they have the greatest vertical relief (Rezak et al., 1983). In general,
banks that have the greatest vertical relief also possess the greatest number of habitat categories.
The habitats of topographic features can be classified into seven categories. All of these categories
can be found on the various shelf-edge banks, although not all of them occur simultaneously at the
same bank (Rezak et al., 1983). These habitats range from the reef-building, shallow-water corals,
the most complex and diverse of the habitat types, to less diverse habitats found in the high-turbidity
nepheloid layer. The nepheloid layer is a zone of suspended sediment-laden water of variable
density and vertical size that persists above the seafloor. It can be a controlling factor for the many
live bottom species that are sensitive to turbidity (Rezak et al., 1990), exerting a considerable
influence on species’ bathymetric and geographic distribution. Generally, high levels of suspended
sediments can limit species diversity and abundance, at least for the sessile benthic live bottom
species considered in this chapter. Light penetration, depth, and sediment loading are the most
influential environmental controls on communities that colonize topographic features (Rezak et al.,
1983). There is a direct relationship between light levels at depth and the biodiversity of these
habitats.

Among the shelf-edge banks, the Flower Garden Banks and McGrail Bank have been
identified as exceptionally important components of the GOM ecosystem. These banks represent
the northernmost colonies of hermatypic corals and may provide larvae/recruits for other coral reefs
far away (Goodbody-Gringley et al., 2012). Shelf-edge banks also serve as seasonal feeding,
mating, and nursery grounds for many species, such as manta and devil rays, whale sharks, and
hammerhead sharks (Burks et al., 2006; USDOC, NOAA, 2010c; Johnston et al., 2013; Johnston
etal., 2015). Additionally, many of these banks are important for commercial or recreational
fisheries because they provide structurally complex habitat for recruitment and concentrate
harvestable quantities of fish (Rezak et al., 1983). There is also a diverse group of tropical reef fish
species found on these banks. There are at least 175 tropical reef species that have been observed
within the high-diversity zone at the Flower Garden Banks (Dennis and Bright, 1988; Pattengill,
1998).

Midshelf Banks

The midshelf banks typically have less vertical relief than the shelf-edge banks, and they
also occur in waters with reduced light penetration (due to higher primary production and/or higher
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sediment loading). As such, hermatypic coral reefs are rare and thought to be limited to Stetson
Bank (part of the Flower Garden Bank National Marine Sanctuary). Dominant benthic species on
these banks are algaes, sponges, and ahermatypic (i.e., non-reef building) corals. The nepheloid
layer often enfolds most portions of these banks because of their reduced vertical relief (at least
compared with shelf edge banks). The presence of the nepheloid layer can influence light
penetration and ultimately reduce biodiversity, with the turbid conditions favoring fewer but more
robust and resilient species. Midshelf banks are known to concentrate many pelagic species of
fishes and are visited regularly by commercial and recreational fishermen (Simmons et al., 2014).

South Texas Banks

The South Texas Banks are geographically and geologically distinct from the shelf-edge and
midshelf banks (Rezak and Bright, 1981b; Berryhill et al., 1987). Several of the South Texas Banks
are low-relief banks comprised of a series of patch-reef habitats. Some of these banks were created
from the exposure of fossilized shorelines along the prehistoric coastline, or from drowned reefs
created during a period when sea levels were considerably lower. These banks generally exhibit
reduced biotic diversity. They have lower relief than the other bank types, fewer hard-substrate
outcrops, and higher sediment loading due to the presence of a nepheloid layer at many of the
banks (Rezak et al., 1983). The dominant benthic species on the South Texas Banks include
sponges, hydroids, octocorals, and ahermatypic corals, although portions of these banks remain
barren (Rezak and Bright, 1983; Dokken et al., 1993). Yet these banks are still known to provide
habitat for many species of commercially and recreationally important fishes, which could be related
to their relatively close proximity to the shoreline (Simmons et al., 2014).

Environmental Sensitivity of Banks

The importance of these topographic features has long been understood by BOEM and its
predecessor agencies. It is also known that the same geologic processes that create some types of
topographic features (i.e., salt domes) also create reservoirs where hydrocarbons can become
trapped and subsequently harvested. As such, in the 1970’'s, BOEM’s predecessor agency
developed the Topographic Features Stipulation to ensure that the most sensitive sections of these
features were not negatively impacted by OCS oil- and gas-related activities. The primary concern
was sediment deposition and subsequent smothering of organisms during drilling operations. As
such, BOEM (formerly MMS) funded a series of exploratory cruises to better understand the ecology
of these banks. The result was the creation of an environmental priority index that rates the
sensitivity of the various topographic features (Rezak and Bright, 1981a). In order of decreasing
sensitivity, the following classification was used:

(1) Shelf-edge, carbonate banks possessing clear-water coral reefs and Algal-
Sponge Zones, transitional assemblages approximating the Antipatharian Zone
and Nepheloid Zone (surrounding depths of 276-656 ft [84-200 m], crests
49-246 ft [15-75 m]).
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(2) Midshelf, Tertiary-outcrop banks bearing clear-water, Millepora-Sponge Zone
and turbid-water-tolerant Nepheloid Zone (surrounding depths of 164-203 ft
[50-62 m], crests 59-131 ft [18-40 m]).

(3) Midshelf and South Texas carbonate banks bearing poorly developed elements
of the Algal-Sponge Zone, transitional Antipatharian Zone assemblages, and
Nepheloid Zone (surrounding depths of 328-361 ft [100-110 m], crests
220-240 ft [67-73 m]).

(4) Midshelf and South Texas banks bearing turbidity-tolerant assemblages
approximating the Antipatharian Zone and Nepheloid Zone (surrounding depths
of 197-262 ft [60-80 m], crests 184-230 ft [56-70 m]).

From this index, MMS (BOEM'’s predecessor) developed the No Activity Zones and
additional discharge restrictions. Features most sensitive to turbidity were given the greatest levels
of protection. For example, the Flower Garden Banks were given the most generous No Activity
Zone and a 4-mi (6-km) zone with discharge restrictions. Other sensitive banks, such as McGrail
Bank, were given a No Activity Zone outlining the most sensitive habitats along with a 1-mi (1.6-km)
zone and a 3-mi (4.8-km) zone with varying degrees of discharge regulations. Banks such as
Sackett Bank have only a No Activity Zone and a 3,280-ft (1,000-m) discharge shunting zone.
Finally, lower relief banks with a relatively high degree of turbidity tolerance, such as Big Adam
Bank, only have a No Activity Zone.

There is evidence of a large-scale die-off of seaweeds and rhodoliths on several topographic
features (Sackett and Ewing Banks) that occurred in 2010, possibly related to changes in
environmental conditions and, as of 2013, there had been only limited recovery (Felder et al., 2014;
Fredericq et al., 2014). The result was a reduction in diversity and abundance of benthic species at
Ewing Bank, a reduction in abundance of benthic species at Sackett Bank, and an increase in
injuries and population declines of decapods at both banks. Although there was little in situ
recovery, it was found that the rhodoliths on these banks may be functioning as a “seed bank” for
these habitats (Felder et al., 2014; Fredericq et al., 2014). This suggests that there is an unknown
environmental variable in-place that may be preventing in situ conditions required for recovery. The
ultimate cause of these changes remains unknown; however, this area was subjected to ecosystem-
level insults from 2009 through 2012, in addition to the Deepwater Horizon explosion, oil spill, and
response. With respect to oil exposure, the surface waters above Sackett and Ewing Banks had
some degree of exposure, but there is no direct evidence that implicates oil-related impacts as the
trigger for these changes (Felder et al., 2014; Fredericq et al., 2014). These banks are located in
areas highly influenced by the outfall of the Mississippi River. Between 2009 and 2012, the
Mississippi River outfall was highly irregular compared with normal outfall patterns (Pollak, 2013).
From late 2009 to late 2010 and 2011, the Mississippi River maintained an exceptionally high flow
rate with an abnormal seasonal pattern, and this was followed by record low outfall levels in 2012.
These areas were also subjected to differing levels of hypoxia, with major hypoxic events occurring
in the vicinity of Ewing Bank in the summers of 2009, 2010, and 2011 (USDOC, NOAA, 2010d and
2015j). Although there were also many hypoxic events prior to 2009, these occurred during periods
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of river outfall patterns exhibiting a more “normal” seasonal pattern, and these events may have
contributed to the changes seen on these banks.

The banks of the northern GOM also experienced exponential population growth of the
invasive lionfish (Pterois volitans and Pterois miles) during this same time period (USDOI, GS, 2015;
Johnston et al., 2013). Lionfish are known to drive down diversity and abundance of benthic
organisms, especially crabs, demersal fishes, and shrimps (Green et al., 2012). The lionfish
expansion could result in a top-down control of grazers, ultimately preventing recolonization by
seaweeds due to increased grazing on seaweed recruits by herbivores released from decapod
predation due to lionfish pressure. It is a reasonable conclusion that the possible ecosystem-level
changes on these two banks are the result of the cumulative impacts of many factors (e.g.,
Karnauskas et al., 2015) rather than a single cause-effect relationship (i.e., the Deepwater Horizon
oil spill).

Habitat Areas of Particular Concern and Endangered Species Act Listings

The NMFS has designated habitat areas of particular concern (HAPCs) within identified
EFH. The direct and/or indirect impacts from cumulative OCS oil- and gas-related and non-OCS oil-
and gas-related activities on EFH are considered and summarized in the Essential Fish Habitat
Assessment white paper (USDOI, BOEM, 2016d). The HAPC-designated areas are considered as
providing particularly important habitat for federally managed fish species and are considered priority
areas for research and conservation. Designation is based on ecological importance, sensitivity to
potential stressors/impacts, and rarity (GMFMC, 2005 and 2010). The only bank designated as
Coral HAPC is McGrail Bank (GMFMC, 2005 and 2010; Simmons et al., 2014). Hard-bottom HAPCs
include Sonnier Bank, Geyer Bank, Bouma Bank, Rezak Bank, Sidner Bank, Alderice Bank, Jakkula
Bank, and parts of McGrail Bank (GMFMC, 2005 and 2010; Simmons et al.,, 2014). The HAPC
designation has no regulatory consequences for BOEM-permitted activities; however, BOEM does
consult with NMFS on issues related to HAPCs when appropriate. In 2014, 20 additional coral
species were listed as threatened under the ESA, and several of these species are found in the
northern GOM (Federal Register, 2014b). For analysis and impact conclusions specific to these
protected species, refer to Chapter 4.9.5.

4.6.1.2 Environmental Consequences

4.6.1.2.1 Routine Activities

The reasonably foreseeable potential routine impact-producing factors that could affect
topographic features in the GOM are caused by bottom-disturbing activities that may occur during
drilling, exploration, and decommissioning operations and vessel operations.

Drilling, Exploration, and Decommissioning Operations

The term bottom-disturbing activities includes any activity that results in the disturbance of
the seafloor during the exploration, production, or decommissioning phase of OCS operations. This
includes (but is not limited to) drilling activities (Chapters 3.1.2 and 3.1.3.1), structure installation



Description of the Affected Environment and Impact Analysis 4-173

and removal (Chapters 3.1.3.3 and 3.1.6), and pipelaying activities. Regardless of the activity, the
severity of the impact to topographic features is the same, although the extent of the impact would
vary in direct proportion to the material’s size.

The bottom-disturbing activity with the largest areal impact would be the discharge of muds
and cuttings into the water column. Drilling operations in close vicinity to topographic features could
deposit large amounts of sediment onto the features (maximum amounts estimated to be
approximately 2,000 metric tons) (Neff, 2005). This could have severe impacts, including increased
stress as the organisms cope with the increased sediment load, a decline in production due to
decreased light, or mortality caused by smothering (Wilber et al., 2005). Sedimentation of
uncolonized substrates could also render these areas uninhabitable for future recruits settling on the
topographic feature. However, because of the distancing and shunting requirements of the
anticipated Topographic Features Stipulation, these potential impacts are reduced to a negligible
level.

The placement of any structures or equipment on the seafloor could also result in substantial
impacts to the benthic communities on the topographic features. Any object placed on the seafloor
could result in the crushing deaths of any organisms contacted during emplacement activities.
Mortality due to smothering could also occur if sediments are moved from the seafloor to a new
location (e.g., trenching a pipeline or emplacement of initial casings). Sedimentation of uncolonized
substrates could also render these areas uninhabitable for future recruits to settle on the topographic
feature.

Explosive severance for the removal of structures is another bottom-disturbing activity
associated with OCS oil- and gas-related operations that can impact communities associated with
topographic features. This could result in damage or death to any organisms within the vicinity of
the blast or associated sediment plume, although long-term turbidity is not expected from platform
removal operations. The shockwave from the blast could also potentially damage the underlying
hard substrates required by many benthic organisms.

Without adherence to the distancing and shunting requirements of the Topographic Features
Stipulation, impacts to topographic features could be severe and long lasting. However, if the
requirements of the Topographic Features Stipulation continue to be applied as expected,
operations would remain a safe distance away from critical areas of topographic features.
Additionally, restrictions on discharges would be in place and few organisms would experience
substantial levels of sedimentation. It is expected that this stipulation would continue to be a
requirement for OCS operators throughout the analysis period. Therefore, with adherence to the
requirements of the Topographic Features Stipulation, impacts from drilling, exploration, and
decommissiong operations would be negligible.
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Vessel Operations

The only aspect of routine vessel operations that would result in bottom-disturbing activities
that could impact portions of topographic features would be the use of anchors by vessels. Anchor
damage is one of the greatest threats to the biota of the offshore banks in the GOM (Rezak and
Bright, 1979; Rezak et al., 1985; Gittings et al., 1992a; Hudson et al., 1982). Anchors may break,
fragment, or overturn corals, sponges, and other benthic organisms, and the anchor chain or cable
may drag across and shear organisms off the substrate (Dinsdale and Harriott, 2004). This would
result in consequences ranging from increased stress to mortality (Dinsdale and Harriott, 2004).
Damage to a coral community may take 10 or more years to recover (Fucik et al., 1984; Rogers and
Garrison, 2001).

The Topographic Features Stipulation and EFH programmatic consultation with NMFS
prohibit bottom-disturbing activities, including anchoring, within the most sensitive areas of
topographic features as defined by the individual bank’s No Activity Zones. Anchoring in other less-
sensitive portions of topographic features, such as the outer edges, could be permitted, but only
after BOEM’s subject-matter experts perform site-specific reviews of high-resolution survey
information and apply any appropriate mitigating measures, as detailed in NTL 2009-G39,
“Biologically-Sensitive Underwater Features and Areas” (Appendix D). Without adherence to the
distancing requirements of the Topographic Features Stipulation, anchoring impacts to topographic
features could be severe and long lasting. However, under the requirements of the Topographic
Features Stipulation, which is a required mitigation as a result of the Five-Year Program’s Record of
Decision, anchor placement from OCS oil- and gas-related vessels would not be allowed on or near
the most sensitive areas of the features and impacts would be negligible.

46.1.2.2 Accidental Events

The potential impact-producing factors resulting from accidental events on topographic
features in the GOM include bottom-disturbing activities, releases of toxins and sediment into the
water column, and oil spills and associated cleanup activities. Each of these impact-producing
factors can occur during hydrocarbon extraction activities or during vessel operations.

Drilling, Exploration, and Decommissioning Operations
Bottom-Disturbing Activities

Reasonably foreseeable accidental bottom-disturbing activities include accidental overboard
losses of equipment, either during vessel-platform transfer operations or during vessel transits;
equipment loss overboard from platforms; severe weather, causing underwater equipment
movement; or operator error during equipment placement (e.g., setting an anchor in the wrong
location). Regardless of the cause, the consequence would be crushing and the likely mortality of
contacted benthic organisms. The areal extent of impact would be directly related to the size of the
equipment making contact. Larger pieces of equipment could also influence water-flow patterns on
or around topographic features, potentially influencing the movement of larvae and food. However,
any equipment that is deposited on the seafloor would also become a new hard substrate available
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for settlement by sessile benthic organisms, with potential subsequent ecological benefits. Any
recovery operations would have to abide by the Topograhic Features Stipulation’s requirements,
including restrictions on bottom-disturbing activities.

Without adherence to the distancing requirements of the Topographic Features Stipulation,
such impacts to topographic features could be severe and long lasting. However, if the distancing
requirements of the stipulation are applied and adhered to, the probability of such events would be
small. Because of the overall unlikelihood of such events and the inherently limited nature of any
such impacts’ size and scope, the overall impact of accidental bottom-disturbing activities is
expected to be negligible.

Chemical and Drilling-Fluid Spills

Accidental spills, such as from a platform or vessel, could include releases of substances
such as diesel fuel, marine paint, drilling fluids, and untreated sewage, or those that could occur
through the incorrect separation of cuttings and drilling muds (Chapter 3.2.6). Most spills on the
OCS would have little impact on the organisms of a topographic feature because spills of this type
are expected to be relatively small, and it is expected that spilled substances would either remain in
the surface waters or would be rapidly diluted and dispersed. For substances such as drilling muds,
an accidental release could have substantial impacts to a topographic feature as those materials
usually settle rapidly to the seafloor, smothering any contacted organisms, some of which cannot
cope with large quantities of sediments. Exposures to concentrated drilling muds can result in a
wide range of impacts to corals, ranging from mortality to multiple sublethal responses to no
response at all (Thompson, 1979). Such impacts would likely be proportional to the size of the spill
and the vicinity of the spill to topographic features. The composition of muds is strictly regulated,
and discharges of cuttings/muds are tested to ensure that toxicity levels are below the limits allowed
by NPDES permits (USEPA, 2004, 2007, and 2009b). It is expected that such an accidental spill
would be stopped quickly or would be relatively small given the limited amounts that are typically
transfered at one time.

Without adherence to the distancing requirements of the Topographic Features Stipulation,
impacts to topographic features from chemical and drilling-fluid spills could be as great as
moderate. However, if the distancing requirements of the Topographic Features Stipulation are
applied, such impacts would be minimized. This would allow more time and distance for dilution and
dispersion of substances. Given the inherently low likelihood of an accidental spill, and assuming
adherence to the Topographic Features Stipulation and the low likelihood of this type of spill
occurring near a topographic feature, the impact of accidental releases of toxins into the water
column is expected to be negligible.

Vessel Operations

The only reasonably foreseeable aspect of vessel operations that could result in bottom
disturbance of topographic features would be vessel anchoring. Anchor damage is one of the
greatest threats to the biota of the offshore banks in the GOM (Rezak and Bright, 1979; Rezak et al.,
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1985; Gittings et al., 1992a; Hudson et al., 1982). Anchors may break, fragment, or overturn corals,
sponges, and other sessile benthic organisms, and anchor chains or cables may drag across and
shear organisms off the substrate (Dinsdale and Harriott, 2004). This could result in consequences
ranging from increased stress to mortality (Dinsdale and Harriott, 2004). Such damage to a coral
community may take 10 or more years to recover (Fucik et al., 1984; Rogers and Garrison, 2001).

Because of the Topographic Features Stipulation, such anchoring is not expected during
routine activities. However, unplanned anchoring could occur as a result of an accident or during a
life-threatening emergency situation on a vessel (e.g., loss of propulsion) to preserve the safety of
the vessel and crew. In that case, impacts to benthic organisms on topographic features would be
locally severe at the location where the anchor lands; however, impacts would be limited to that
location and should not threaten communities across an entire topographic feature. In addition, an
emergency requiring anchoring is expected to be a rare event. Without adherence to the distancing
requirements of the Topographic Features Stipulation, such impacts to topographic features could
be severe and long lasting at the specific location where accidental anchoring occurs. However, if
the requirements of the Topographic Features Stipulation are applied, the chances of accidental
anchor placement happening in the most sensitive areas of topographic features is low, and impacts
of accidental anchoring events are expected to be negligible.

Oil Spill and Cleanup Activities

Impacts that may occur to topographic features’ benthic communities as a result of an oil spill
would depend on the type of oil spill, the features’ distance from the spill, relief of the biological
feature, and surrounding physical characteristics of the environment (e.g., turbidity). QOil transport
and fate is discussed in Chapter 3.2.1.3, and oil spills <1,000 bbl and oil spills 21,000 bbl are
discussed in Chapters 3.2.1.4 and 3.2.1.5, respectively. In large enough quantities, oil spills could
result in lethal or sublethal impacts to organisms, including reduced fitness, growth, or reproduction.
The depth of topographic features below the sea surface should minimize contact with surface oil
where it is expected to be advected away or cleaned up by response crews.

If an oil spill occurs at depth in deep water and the oil is ejected under pressure, some oil
would rise to the surface, but some oil droplets may become entrained deep in the water column
(Boehm and Fiest, 1982), creating a subsurface plume (Adcroft et al., 2010). If this plume was to
come in contact with the benthic organisms on a topographic feature, the impacts could be severe.
Consequences could include mortality, loss of habitat, reduced biodiversity, reduced live bottom
coverage, changes in community structure, and reduced reproductive success (Reimer, 1975;
Guzman and Holst, 1993; Negri and Heyward, 2000; Silva et al., 2015). The extent and severity of
impacts would depend on the location and weathering of the oil and the hydrographic characteristics
of the area (Bright and Rezak, 1978; Rezak et al., 1983; McGrail, 1982; Le Henaff et al., 2012).
Because all of the topographic features are located on the continental shelf and because upwelling
events are generally limited to hurricanes, eddy formations, or when certain meteorological
conditions exist (Walker, 2001; Collard and Lugo-Fernandez, 1999; Zavala-Hidalgo et al., 2006),
contact of a small subsurface plume with a topographic feature would only occur under the most
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ideal and unlikely conditions (such as in Silva et al., 2015). There is a possibility that, if a subsurface
plume becomes entrained in the nepheloid layer, organisms in this layer could be greatly impacted.
In shallow waters, this layer is typically restricted to the bottom 66 ft (20 m) of the water column
(Bright et al., 1976; Bright and Rezak, 1978).

Use of chemical dispersants on a larger spill (refer to Chapter 3.2.8.2.2) would enable
dispersed oil to mix into the water column and possibly impact benthic organisms on topographic
features, similar to what was documented in Silva et al. (2015). For a surface spill, dispersed oil is
not expected to reach the topographic feature (Guo et al., 2014; Lange, 1985; Tkalich and Chan,
2002); however, if dispersants are applied to a subsurface plume, any dispersed oil in the water
column that comes in contact with corals may evoke short-term negative responses, including
reduced feeding and photosynthesis or altered behavior (Wyers et al., 1986; Cook and Knap, 1983;
Dodge et al., 1984; Ross and Hallock, 2014). For larvae, the response may be even more profound,
with implications for dispersant use during coral spawning season (Negri and Heyward, 2000;
Goodbody-Gringley et al., 2013). There is some evidence that dispersant-treated areas may recover
more rapidly than areas where oil is allowed to decay naturally (Lessard and Demarco, 2000).

For any accidental spill, it is also expected that a certain quantity of spilled oil may eventually
settle on the seafloor due to the formation and settlement of “marine snow,” which involves a binding
process with suspended sediment particles and/or consumption and excretion by phytoplankton
(International Tanker Owners Pollution Federation Limited, 2002; Passow et al., 2012). It is
anticipated that the greatest amount of oil adsorbed to sediment particles would occur close to the
spill, with concentrations reducing with distance from the source. If the spill occurs very close to a
topographic feature, the underlying benthic communities may become smothered by the settling
particles and thereby exposed to hydrocarbons. Beyond that immediate area, impacts would be
more limited due to particles biodegrading and dispersing. Sublethal impacts to benthic organisms
from any such exposure may include reduced recruitment success, reduced growth, and reduced
coral cover as a result of impaired recruitment (Rogers, 1990; Kushmaro et al., 1997).

A different type of impact could occur during a response operation in which drilling muds are
pumped into a well to regain well control. It is possible that, during this process, such muds may be
forced out of the well and deposited on the seafloor near the well site. If this were to occur, the
localized impacts would be severe for the organisms buried; however, any impact beyond the
immediate area would be very limited.

In conclusion, without adherence to the distancing requirements of the Topographic Features
Stipulation, oil-spill impacts to topographic features could be severe and long lasting due to the
various mechanisms outlined above, including oiling, cleanup activities, toxins from dispersants,
and/or bottom-disturbing activities. However, if the requirements of the Topographic Features
Stipulation are applied as expected, these impacts should be negligible.



4-178 Gulf of Mexico Multisale EIS

4.6.1.2.3 Cumulative Impacts
OCS Oil- and Gas-Related Impacts

The cumulative impact of OCS oil- and gas-related activities include routine bottom-
disturbing activities (e.g., anchoring, structure emplacement and removal, and muds and cuttings
discharges) and accidental events (e.g., bottom disturbance, the discharge of oil, and/or spill
cleanup).

The OCS oil- and gas-related bottom-disturbing activities could result in the physical
destruction of benthic habitat and organisms or the disturbance of local sediments leading to burial
or increased stress. However, the proposed Topographic Features Stipulation has been in effect for
decades, limiting historical OCS oil- and gas-related impacts, and it is expected to remain in effect.
An example of this is the continued high degree of coral coverage and biodiversity documented by
the long-term monitoring program at the Flower Garden Banks National Marine Sanctuary (Johnston
et al., 2015). The area in the vicinity of the Sanctuary has seen a substantial amount of oil and gas
production for decades, and overall coverage by benthic organisms has remained high and stable.

Impacts on topographic features could occur as a result of future OCS oil spills. To date,
previous noncatastrophic spills have not had any identifiable impact (cumulative or otherwise) on
any topographic features. Because of the physical properties of northern GOM oil, subsea oil spills
generally rise quickly to surface waters before contacting benthic communities on topographic
features, and the distancing requirements of the Topographic Features Stipulation further reduce the
likelihood of contact. The depths of the crests of the topographic features are generally deep
enough (>49 ft; >15 m) that surface oil should not reach benthic communities on topographic
features in sufficient concentrations to cause impacts. As observed in Silva et al. (2015), the deep
mixing of oil, particularly following use of chemical dispersants, is possible during unusually extreme
weather events and could result in negative impacts if contact is made at sufficiently high
concentrations. Excluding such an event, any dispersed surface oil reaching benthic communities of
topographic features in the GOM should be at a low enough concentration to not cause discernible
long-term impacts (Lewis, 1971; Elgershuizen and De Kruijf, 1976; Dodge et al., 1984; Wyers et al.,
1986).

Continued adherence to the Topographic Features Stipulation’s restrictions would prevent or
minimize most adverse impacts on the benthic communities of topographic features (refer to
Chapter 2.2.4.1 and Appendix D). Overall, it is expected that, given adherence to the proposed
stipulation, the OCS oil- and gas-related cumulative impacts will continue to be negligible.

Non-OCS Oil- and Gas-Related Impacts

The potential cumulative impacts to topographic features from non-OCS oil- and gas-related
sources include anchoring, fishing pressure, invasive lionfish, hurricanes, damage by recreational
scuba diving, and environmental influences such as climate change and severe weather events.
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Most of these features are deep enough that recreational scuba diving activities are fairly
limited. In most areas where such diving does occur (particularly the Flower Garden Banks), that
activity is managed by other Federal agencies (e.g., the Flower Garden Banks National Marine
Sanctuary), with management practices that protect habitats from modification or destruction.

Because many of the topographic features are found near established shipping fairways and
are well-known fishing areas, vessel anchoring at a topographic feature could and has damaged the
biota (refer to Chapter 3.3.2.2) with the degree of damage dependent on the size of the anchor and
chain (Lissner et al., 1991).. Anchor damages incurred by benthic organisms may take more than
10 years to recover (Fucik et al., 1984; Rogers and Garrison, 2001). Anchoring is currently
prohibited within the boundaries of the Flower Garden Banks National Marine Sanctuary (which
includes East and West Flower Garden Banks plus Stetson Bank) and for fishing vessels within the
McGrail Bank Coral HAPC boundaries designated by NMFS and the Gulf of Mexico Fishery
Management Council. The exact cumulative impact of non-OCS oil- and gas-related anchoring
activities on topographic features is unknown.

Fishing pressure could alter fish community structure and potentially have a top-down trophic
impact on fish populations, ultimately leading to ecosystem-driven impacts to the benthic community.
This could occur through unsustainable harvest practices, although, most managed fish populations
in the GOM are considered stable or recovering. Harvest is monitored and managed by NMFS and
the Gulf of Mexico Fishery Management Council, and fish populations are not expected to be
depleted to a point where benthic populations are impacted.

The recent invasion by lionfish is likely to alter some fish and invertebrate populations on
topographic features over time (Johnston et al., 2015). The predatory nature of this fish, combined
with its lack of natural predators in the GOM, suggests that a population explosion of lionfish could
result in a trophic impact on benthic organisms. The result would be a decrease in biodiversity and
abundance of many of the smaller organisms that use the seafloor habitats found on topographic
features. Given the rapid spread of reported lionfish sightings across the GOM, it is possible that
they are already present (if not yet documented) on portions of all of the topographic features.
Therefore, the current impact level is not yet fully understood, but it seems likely to rise over time if
lionfish populations continue to increase exponentially (Switzer et al., 2015).

Hurricanes are considered a rare event at any given location (refer to Chapter 3.3.2.9.3) but
hurricane-associated water movement has the potential to cause localized impacts such as breaking
branches of fragile shallow-water branching corals. Because hurricanes are a natural event that
have regularly (if only intermittently) influenced environmental conditions surrounding topographic
features, such impacts cannot be clearly distinguished from those of natural variation because
benthic communities have adapted over millennia to deal with natural levels of severe weather.

Climate change-related effects have the potential to alter baseline environmental conditions
throughout the GOM. An additional review of climate change is presented in the Five-Year Program
EIS (USDOI, BOEM, 2016b), and there is extensive scientific literature available about climate
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change in general. Of particular note for benthic communities on topographic features are the
potential negative consequences that may be caused by the dual mechanisms of ocean acidification
and increasing ocean temperatures. Ocean acidification can reduce bioavailability of calcium
carbonate and thereby inhibit normal rates of calcification by exoskeleton-building corals and other
calcifying marine organisms. Decreased calcification rates have been observed in numerous
shallow-water zooxanthellate corals (Hofmann et al., 2010) and can inhibit growth and reproductive
fitness because of the additional energy expended. Sustained, unusually high water temperatures
are documented to cause coral bleaching, in which symbiotic zooxanthellae are expelled from coral
polyps. Over time, a permanent temperature baseline shift could allow the northward expansion of
species adapted to warmer waters, potentially altering the current community structure at
topographic features. Other potential climate change-driven alterations of baseline environmental
conditions could also have additional, unpredictable effects on sessile benthic organisms. For
example, changing climatic conditions that alter the frequency and/or severity of severe weather
events could impact communities since severe weather can also have secondary, non-natural
impacts such as causing movement of abandoned fishing gear and exaccerbating accidental losses
of equipment overboard. At present, the overall impact of climate change-related effects on
topographic features is likely negligible. However, over the next 50 years, this impact level could
rise to higher levels, even as great as moderate, should the most extreme impacts possible as a
result of projected climate change-associated factors come to pass.

Adherence to the restrictions specified in the Topographic Features Stipulation has
minimized the potential for routine activities or accidental events to impact topographic features.
Assuming continued application of the stipulation as a result of a proposed action, the probability of
OCS oil- and gas-related activities increasing the overall cumulative impact level is expected to
remain low, and the incremental contribution of a proposed lease sale is negligible. In contrast,
non-OCS oil- and gas-related cumulative impacts could damage and disrupt topographic features.
Some of those potential effects are highly variable and unpredictable, but certain non-OCS oil- and
gas-related impacts such as lionfish expansion and climate change-related effects are expected to
worsen over time.

Based on current conditions, the overall cumulative impact of everything (OCS and non-OCS
oil- and gas-related impacts) is currently negligible, with almost all impacts coming from non-OCS
oil- and gas-related factors. However, this total impact level has the potential to rise substantially
over the next 50 years to higher levels, as high as moderate, should projected trends of non-OCS
oil- and gas-related factors (particularly climate change) continue or worsen. However, given the
negligible contribution of a proposed lease sale to the overall cumulative scenario, it is reasonable to
conclude that a single proposed lease sale would have no discernible effect on increasing the overall
cumulative impact level over the next 50 years.

4.6.1.2.4 Incomplete or Unavailable Information

BOEM recognizes that there is incomplete or unavailable information related to topographic
features in general and specifically in relation to routine activities, accidental events, and cumulative
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impacts. However, the information that is known is adequate to come to a determination with
respect to reasonably foreseeable impact-producing factors associated with a proposed action.

Research in offshore marine systems is logistically complex and requires substantial
resources. As such, the total amount of research on these features and their communities is
relatively limited, although BOEM and its predecessor agencies have funded numerous studies over
the past 40 years. For example, our understanding of the possible impacts of surface oil spills to
topographic features in the GOM was determined by combining research on the depth and
concentration of the physical mixing of surface oil with the known depths of topographic features.
Even though oil measurements were not collected at every feature under every condition, the
available results suggest that, topographic features exist at depths deeper than lethal concentrations
of oil would usually be expected (Lange, 1985; McAuliffe et al., 1975 and 1981a; Tkalich and Chan,
2002; Rezak et al., 1983; Wyers et al., 1986). Mixing to depth might occur, but it would be limited to
unusual combinations of conditions such as when tropical storms pass directly over oiled surface
waters (e.g., Silva et al., 2015). Moreover, the amount of oil/dispersant mixture in that catastrophic
situation greatly exceeds the amounts considered in the “Accidental Events” analysis below. Given
the geographic and temporal scope of a proposed action, it is believed that even impacts resulting
from that particular scenario would still only have a slight impact on the overall status of the
topographic features. However, the example demonstrates the point that the body of literature
supporting the impact analysis is still growing and requires continual review by BOEM.

Since the 1970's, BOEM and its predecessor agencies have supported continuous
monitoring of the Flower Garden Banks for any impacts related to OCS oil- and gas-related
activities. At the Flower Garden Banks, corals have generally flourished (refer to Johnston et al.,
2015, and the references therein) even as OCS oil- and gas-related activities have occurred
sometimes just outside of the No Activity Zone. Since corals are generally considered to be more
fragile than most other types of organisms found on topographic features, it is also reasonable to
conclude that topographic features with more resilient organisms have also not been negatively
affected by OCS oil- and gas-related development in the GOM. However, given the ecological
sensitivity of benthic communities on topographic features, continued research and monitoring
efforts are necessary to maintaining a sufficient understanding of the various potential OCS oil- and
gas-related and non-OCS oil- and gas-related impacts. A recent example illustrates how conditions
could potentially change. In August 2016, a routine National Marine Sanctuary/BOEM long-term
monitoring cruise in East Flower Garden Bank documented a mortality event affecting corals and
other benthic organisms in a localized area. At the time of this writing, tissue and water quality
samples have been collected but not yet analyzed, and no causes have been indicated. BOEM will
continue cooperating with the Sanctuary and other partners to evaluate information as it becomes
available and will update future Supplemental EISs as necessary.

Known information about potential impacts of a theoretical catastrophic spill is detailed in the
Catastrophic Spill Events Analysis white paper (USDOI, BOEM, 2017) and further information was
made available with the publication of the Trustees’ PDARP/PEIS in 2016 (Deepwater Horizon
Natural Resource Damage Assessment Trustees, 2016). The content of that report was reviewed
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as part of this analysis. Some information related to impacts specific to the Deepwater Horizon
explosion, oil, spill, and response, such as long-term monitoring results, is still incomplete or
unavailable. BOEM has determined that such additional information could not be obtained within the
timeline contemplated in the NEPA analysis for this Multisale EIS. However, the currently available
body of evidence supports past analyses and does not indicate severe adverse impacts directly
linked to the Deepwater Horizon explosion, oil spill, and response for topographic features.
Impending reports are not expected to reveal additional significant effects that would alter the overall
conclusions about reasonably foreseeable impact-producing factors associated with a proposed
action.

BOEM will continue to analyze and support the collection and analysis of the best available
scientific information related to topographic features. BOEM used reasonably accepted scientific
methodologies to extrapolate from existing information in completing this analysis and formulating
the conclusions presented here. As noted above, BOEM has determined that the incomplete or
unavailable information is not essential to a reasoned choice among alternatives; there is sufficient
information in the scientific literature to evaluate the potential impacts of a proposed action and its
alternatives.

4.6.1.2.5 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

Adherence to the proposed Topographic Features Stipulation would prevent or at least
minimize most of the potential impacts on topographic features and associated benthic communities
from routine activities and accidental events. During an accidental event causing bottom
disturbance, the size and scope of the impact would be directly proportional to the size of the
accident and its vicinity to topographic features, but it would generally be very localized. In the case
of an accidental oil spill, it would be expected that the majority of oil would rise to the surface and
that the most heavily oiled sediments would likely be deposited before reaching the topographic
features. Any contact with spilled oil would likely cause sublethal effects to benthic organisms
because the distancing of activity would prevent contact with concentrated oil. In the unlikely event
that oil from a subsurface spill reaches the biota of a topographic feature, the effects would be
primarily sublethal and impacts would be localized. Most turbidity, sedimentation, and oil adsorbed
to sediment particles would also be at low concentrations by the time the topographic features were
reached, also likely resulting in primarily sublethal impacts. Impacts from an oil spill on topographic
features are also reduced by the depth of the features and the currents that surround the features.
Selection of this alternative would do little to change the overall cumulative impacts to topographic
features. Overall, given adherence to the Topographic Features Stipulation (which is a required
mitigation as a result of the Five Year Program’s Record of Decision), reasonably foreseeable
impacts to topographic features from routine activities, accidental events, and the cumulative impact
of a proposed action in the GOM is expected to be negligible.
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4.6.1.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the WPA Portion of the Proposed Lease Sale Area

Under Alternative B, BOEM would hold a lease sale excluding the available unleased blocks
in the WPA and would offer all available unleased blocks in the CPA and a portion of the EPA.
Alternative B would not fundamentally alter the conclusions reached under Alternative A. The
impacts of routine activities to topographic features would remain the same in the CPA as under
Alternative A, while any potential impacts to topographic features in the WPA could be reduced.
Overall, there are 22 topographic features in the WPA, 16 in the CPA, and 0 in the EPA. Any
impacts resulting from accidental events in the CPA and/or EPA would remain relatively localized,
and the number of features affected would be directly proportional to the size of the accident. An
accident along the CPA/WPA border has the possibility to impact features in either planning area.
This alternative would do little to change the overall cumulative impacts to topographic features.
Many OCS lease blocks near the features are already leased, and non-OCS oil- and gas-related
impacts are not expected to decrease. Overall, given adherence to the Topographic Features
Stipulation (which is a required mitigation in the Five-Year Program’s Record of Decision),
reasonably foreseeable impacts to topographic features from routine activities, accidental events
and the cumulative impact of a proposed action in the GOM under Alternative B is expected to be
negligible.

4.6.1.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

Under Alternative C, BOEM would hold a lease sale excluding the available unleased blocks
in the CPA/EPA and would offer all available unleased blocks in the WPA. Alternative C would not
fundamentally alter the conclusions reached under Alternative A. The impacts of routine activities to
topographic features would remain the same in the WPA while any potential impacts to topographic
features in in the CPA/EPA could be reduced. Overall, there are 22 topographic features in the
WPA, 16 in the CPA, and 0 in the EPA. Any impacts resulting from accidental events in the WPA
would remain localized, and the number of features affected would be directly proportional to the
size of the accident. An accident along the CPA/WPA border has the possibility to impact features in
either planning area. This alternative would do little to change the overall cumulative impacts to
topographic features. Many OCS lease blocks near the features are already leased, and non-OCS
oil- and gas-related impacts are not expected to decrease. Overall, given adherence to the
Topographic Features Stipulation (which is a required mitigation as a result of the Five-Year
Program’s Record of Decision), reasonably foreseeable impacts to topographic features from routine
activities, accidental events, and the cumulative impact of a proposed action in the GOM under
Alternative C is expected to be negligible.
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4.6.1.2.8 Alternative D—Alternative A, B, or C, with the Option to Exclude Available
Unleased Blocks Subject to the Topographic Features, Live Bottom (Pinnacle
Trend), and/or Blocks South of Baldwin County, Alabama, Stipulations

Under Alternative D, BOEM could hold a lease sale excluding leasing on any and/or all
blocks subject to the Topographic Features, Live Bottom (Pinnacle Trend), and Blocks South of
Baldwin County, Alabama, Stipulations. Topographic features could experience fewer impacts
through further distancing of the OCS oil- and gas-related activities, thereby reducing the probability
of impacts. An accidental spill may still reach a feature, but it is expected that the increased
distance would provide more dispersal time as the spill travels the additional distance across
unleased blocks. This alternative would do little to change the overall cumulative impacts to
topographic features. Many OCS lease blocks near the features are already leased, and non-OCS
oil- and gas-related impacts are not expected to decrease. Blocks subject to the Topographic
Features Stipulation include any available unleased block in which a No Activity Zone or shunting
zone may be applied. A total of 207 blocks within the CPA and 160 blocks in the WPA are affected
by the Topographic Features Stipulation. For additional information related to the specific blocks
that would be excluded, refer to Chapter 2.2.2.4. The exclusion of any of the other blocks subject to
either the Live Bottom (Pinnacle Trend) and/or Blocks South of Baldwin County, Alabama,
Stipulations would not be expected to change the impacts to topographic features because of the
small number of those blocks and their distance from identified topographic features. Overall, given
adherence to the Topographic Features Stipulation (which is a required mitigation as a result of the
Five-Year Program’s Record of Decision), reasonably foreseeable impacts to topographic features
from routine activities, accidental events, and the cumulative impact of a proposed action in the
GOM under Alternative D is expected to be negligible.

4.6.1.2.9 Alternative E—No Action

Under Alternative E, a proposed lease sale would be cancelled. Therefore, the potential for
new incremental impacts would be none because new impacts to topographic features related to the
cancelled lease sale would be avoided entirely. Continuing OCS oil- and gas-related impacts to the
communities would be limited to existing impacts resulting from routine activities and accidental
events, and the cumulative impacts associated with previous OCS lease sales and development and
other ongoing non-OCS oil- and gas-related activities. BOEM'’s existing stipulation and mitigation
practices already regulate these activities and should continue to limit the associated ongoing
impacts to the negligible level.

Ongoing non-OCS oil- and gas-related activities are difficult to accurately estimate since the
spatial and temporal characteristics of some factors are rapidly changing and since the necessary
baseline information is still being collected; however, at present, these non-OCS oil- and gas-related
activities have negligible impacts on topographic feature communities. However, the level of
cumulative impacts could potentially become greater, even rising to moderate over time, should
current trends of these factors continue or worsen, regardless of whether or not a lease sale would
take place.
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4.6.2 Pinnacles and Low-Relief Features and Associated Communities

This analysis considers the impacts of routine activities, accidental events, and a proposed
action’s incremental contribution to cumulative impacts on GOM pinnacle and low-relief features and
their associated benthic communities (hereafter referred to as “feature communities”) over a 50-year
period. This analysis is not exhaustive of all possible impacts of routine activities and accidental
events; rather, it focuses on those related to a proposed action. A summary of the potential
magnitude of impact for each of these impact-producing factors is provided in Table 4-14 to help the
reader quickly identify the level of potential impacts for each relevant impact-producing factor. The
impact-level definitions and the analyses supporting these conclusions follow in this chapter.
Because a catastrophic oil spill is not considered reasonably foreseeable, those potential impacts
(including long-term recovery) are addressed in the Catastrophic Spill Event Analysis white paper
(USDOI, BOEM, 2017). The impact significance criteria and resulting conclusions presented here
(Table 4-14) focus on the overall functioning, resilience, and ecosystem level importance of live
bottom pinnacles and low-relief feature communities throughout U.S. waters of the GOM. Postlease,
site-specific analyses would focus more on the potential localized impacts of individual development
activities (e.g., proposed drilling of a specific well) to individuals, discrete communities, and small
patches of live bottom habitat. Those analyses would also detail site-specific protective mitigations
required prior to approval of such activities. Appendix B provides detail on some of the potential
site-specific mitigations that could be applied as necessary.

Table 4-14. Pinnacles and Low-Relief Features Impact-Producing Factors That Are Reasonably
Foreseeable

Pinnacles and . , 1
Low-Relief Features Magnitude of Potential Impact
Impalc;t:ztrc())gucmg Alternative A | Alternative B | Alternative C | Alternative D | Alternative E
Routine Impacts
Bottom-Disturbing Activities and Drilling-related Sediment and Waste Discharges
With Mitigation Negligible Negligible Negligible Negligible None
. o Minor to Minor to Negligible to | Negligible to
Without Mitigation . ) ) None
Major Moderate Minor Minor
Accidental Impacts
Bottom-Disturbing Activities and Drilling-Related Sediment and Operational Waste Discharges
i L Negligible to | Negligible to . .
With Mitigation ; ; Negligible Negligible None
Minor Minor
Minor to Minor to Negligible to | Negligible to
Without Mitigation ; s g 9 g None
Major Moderate Minor Minor
Oil Spills
) . Negligible to | Negligible to . .
With Mitigation : : Negligible Negligible None
Minor Minor
) L Minor to Minor to Negligible to | Negligible to
Without Mitigation - - - None
Major Moderate Minor Minor
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Cumulative Impacts
Incremental Negligible to | Negligible to . .
Contribution2 Minor Minor Negligible Negligible None
Negligible t

OCS Oil and Gas® egigibie fo

Minor

Minor to
Non-OCS Oil and Gas* o

Major

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”
chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.

* This includes other past, present, and reasonably foreseeable future activities occurring within the same
geographic range and within the same timeframes as a proposed action, but they are not related to the
OCS QOil and Gas Program.

Impact-Level Definitions

For this analysis, the definitions below were used to categorize impacts to pinnacles and
low-relief features.

e Negligible — Impacts to pinnacle and low-relief feature communities are largely
undetectable. There is some potential for even undetectable impacts to cause
slight changes to a local community’s species abundance and composition,
community structure, and/or ecological functioning, but any such changes would
be spatially localized, short term in duration, and would not alter the overall
status of GOM pinnacle and low-relief feature communities.

e Minor — Impacts to pinnacle and low-relief feature communities are detectable
but cannot be distinguished from natural variation. Such impacts could result in
noticeable changes to a local community’s species abundance and composition,
community structure, and/or ecological functioning, but any such changes would
be spatially localized, short term in duration, and would not alter the overall
status of GOM pinnacle and low-relief feature communities.

e Moderate — Impacts to pinnacle and low-relief feature communities detectably
cause substantial, population-level changes in species composition, community
structure, and/or ecological functioning. These impacts would be expected to be
spatially extensive, but they are expected to only temporarily alter the overall
status of GOM pinnacle and low-relief feature communities such that long-term
recovery to pre-impact levels is likely.

e Major — Impacts to pinnacle and low-relief feature communities detectably cause
substantial, population-level changes in species composition, community
structure, and/or ecological functioning. These impacts would be expected to be
spatially extensive and to noticeably alter the overall status of GOM pinnacle and
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low-relief feature communities such that long-term recovery to pre-impact levels
is unlikely.

The primary relevant, reasonably foreseeable impacts of routine activities and accidental
events to live bottom habitats described in this chapter can be grouped into the following three
general categories:

(1) bottom-disturbing activities (routine and accidental);
(2) drilling-related sediment and waste discharges (routine and accidental); and

(3) oil spills (accidental).

These impacts are analyzed in detail under the “Routine Activities” and “Accidental Events”
sections below. Cumulative impacts were also considered in two steps: cumulative impacts
resulting from OCS oil- and gas-related activities and impacts resulting from non-OCS oil- and gas-
related activities.

Some impact-producing factors relevant to pinnacle and low-relief feature communities are
analyzed in detail in other chapters and need only be briefly summarized here. For example,
Chapter 4.7 (Fishes and Invertebrate Resources) details impacts from anthropogenic noise. Note
that despite the growing body of information available for fishes, there is comparatively little
information available on sound detection and sound-mediated behaviors for marine invertebrates.
That said, the overall impacts on pinnacle and low-relief feature communities from anthropogenic
noise are expected to be negligible. Chapter 4.7 also details the impacts of routine activities and
the cumulative impacts from OCS oil- and gas-related infrastructure presence, subsequent removal,
and/or conversion to artificial reefs. While the total contribution of OCS infrastructure is still only a
small percentage of natural hard bottoms (Gallaway et al., 2009) and is projected to further decrease
throughout the period covered by this analysis (Chapter 3.3.1.5), the presence, removal, and/or
conversion of artificial hard substrates colonized by sessile invertebrates are likely to result in
localized community changes, such as changes in species diversity in an area (Schroeder and Love,
2004). While individual presence, removal, or conversion actions at specific locations do not cause
more than negligible impacts when considered against the broader scope of this analysis, when the
sum of such actions are considered cumulatively for all planning areas and over 50 years, such
impacts could be greater for individual species. This is because select species commonly
associated with OCS oil and gas platforms could be noticeably influenced over time by the overall
presence (or removal) of OCS infrastructure. For example, a particular hermatypic coral species’
Gulfwide spatial distribution may shift over time because of the presence or removal of structures in
otherwise soft bottom-dominated areas. Such a change (were it to occur) could be considered a
moderate level impact (for that species) if it represented a detectable change in the species’ spatial
distribution; such a range shift might have potential long-term effects related to dispersal and genetic
connectivity to other populations of that species. Such potential impacts are not necessarily either
positive or negative; that would be dependent on the species and a number of complex ecological
factors. Some evidence of these types of changes (in particular, range expansion) has been
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documented for some shallow-water hermatypic species (Sammarco et al.,, 2012). More peer-
reviewed literature about this topic is available for fish resources, as detailed in Chapter 4.7 (Fishes
and Invertebrate Resources).

Several additional impact-producing factors described in Chapters 3.1 and 3.2 were
evaluated for potential impacts on these live bottom communities. These impact-producing factors
were not carried forward for full analysis because any potential effects were judged to be either not
reasonably foreseeable or having such a miniscule impact that they would not rise to the level of
negligible impact. These impact-producing factors include surface oil-spill response efforts (refer to
Chapter 4.6.1, Topographic Features), impacts from G&G activities other than bottom disturbance
(bottom disturbance is covered below), and potential impacts from a sinking vessel. A sinking vessel
settling on a live bottom community is not a reasonably foreseeable impact-producing factor. Even if
such an incident did occur, it would not have a population-level impact despite likely crushing or
smothering live bottom organisms in the area of direct contact.

Some potential impact-producing factors are already regulated by other Federal agencies
and/or international treaties. For example, the discharge of marine debris is subject to a number of
laws and treaties. These include the Marine Debris Research, Prevention, and Reduction Act; the
Marine Plastic Pollution Research and Control Act; and the MARPOL-Annex V Treaty. Regulation
and enforcement of these laws is conducted by a number of agencies such as the U.S.
Environmental Protection Agency, NOAA, and the U.S. Coast Guard. To further reduce potential
impacts, the BSEE provides guidance on marine debris training of all OCS personnel through the
“Marine Trash and Debris Awareness and Elimination” NTL (NTL 2015-BSEE-G03). Historically, this
NTL has been made a binding part of leases through application of the Protected Species
Stipulation. This NTL instructs OCS operators to post informational placards that outline the legal
consequences and potential ecological harm of discharging marine debris. This NTL also states that
OCS workers should complete annual marine debris prevention training; operators are also
instructed to develop a certification process for the completion of this training by their workers.
These various laws, regulations, and NTL would likely minimize any potential damage to live bottom
resources from the discharge of marine debris related to OCS oil- and gas-related operations.
Nonetheless, some accidental release of marine debris is still likely to occur as a result of OCS oil-
and gas-related operations and could theoretically have limited effects on live bottom organisms
(e.g., physical damage caused by strong currents pushing debris into fragile organisms or ingestion
of plastics by invertebrates). However, the amount of debris in question would not suffice to cause
even negligible impacts when considered at the scale of the overall population of live bottom
communities in the GOM. One possible exception would be frequent accidental losses of very large
items such as pipeline segments with the potential to crush or smother live bottoms. That impact-
producing factor is briefly discussed under “Bottom-Disturbing Activities” in the “Accidental Events”
section below, even though any such losses are expected to be very rare. In all cases, the likelihood
of spatial overlap with debris from OCS vessels or infrastructure is inherently small due to the
relatively rare and patchy distribution of live bottom communities in the GOM, particularly in areas of
the western and northern GOM, which have the greatest amount of OCS oil- and gas-related
operations.
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Another potential impact-producing factor that is largely governed by (and potential impacts
reduced by) external regulations is the potential presence of toxins in drilling muds and cuttings
and/or produced waters. Because of the regulations issued by the USEPA and/or international
treaties designed to keep toxins below harmful levels, hazardous levels of toxins are generally not
expected to reach live bottom communities. Nonetheless, potential impacts from toxins are briefly
discussed in the “Routine Activities” section below.

Historical Protections of Pinnacle and Low-Relief Features

Protective measures have been developed over time based on the nature and sensitivity of
various live bottom habitats and their associated communities, as understood from decades of
BOEM-funded and other environmental studies. These protections were developed into stipulations
historically applied to OCS leases in areas with known concentrations of live bottom features. The
Pinnacle Trend is a specific series of high- and low-relief hard/live bottom features occurring just
east of the Mississippi River. BOEM has consistently applied the Live Bottom (Pinnacle Trend)
Stipulation to 74 OCS lease blocks covering this area (which is a required mitigation as a result of
the Five-Year Program’s Record of Decision). The CPA blocks directly adjacent to low-relief blocks
are included in a proposed action and some of the alternatives; therefore, the potential impacts of
routine activities and accidental events originating in those adjoining blocks are analyzed here. A full
list of the proposed stipulation blocks can be found in Appendix D.

Live bottom habitats are found outside the blocks where the Topographic Features and Live
Bottom Stipulations have been historically applied (which is a required mitigation as a result of the
Five-Year Program’s Record of Decision). Such habitats are not specifically included in those
stipulations but are still routinely given protections during NEPA reviews of site-specific development
plans, as described in NTL 2009-G39, “Biologically-Sensitive Underwater Features and Areas.” That
NTL provides information and consolidates guidance to help operators understand BOEM's
requirements related to sensitive benthic habitats.

Lessees must provide site-specific seafloor survey data and interpretive information
(including about hard bottom features) with each EP, DOCD, and DPP. Site-specific NEPA reviews
are conducted on these plans by BOEM'’s subject-matter experts on a case-by-case basis to
determine whether a proposed operation could impact a live bottom feature. If an impact is judged
likely based on site-specific information derived from BOEM's studies/databases, other published
research, geohazard survey data, or another creditable source, the operator may be required to
distance/relocate the proposed operation or undertake other mitigations to prevent an impact. This
analysis assumes continuation of the protective measures outlined in NTL 2009-G39, as they are
routinely applied (when and where appropriate) during all site-specific plan reviews. The Live
Bottom Stipulation is applied to individual lease sales at the discretion of the Secretary and has been
consistently applied to the same lease blocks for decades. The types of potential impacts to live
bottom communities described in this chapter would become more likely and more severe without
the continued application of these stipulations.
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4.6.2.1 Description of the Affected Environment

The terms live bottom and hard bottom are often used interchangeably, but they are actually
distinct since it is possible to have hard bottom that is not live bottom. Hard substrates can form
crusts, pavements, pinnacles, ledges, outcrops, and other reefal features (Jenkins, 2011). These
harder substrates may or may not be covered by a thin veneer of muddy or sandy sediments that
can be deposited and removed over time by currents and storms. Hard substrates with the lowest
vertical relief are the most likely to be routinely buried and exposed. Encrusting algae and sessile
invertebrates regularly attach to and cover exposed hard substrates, creating live bottoms. For the
purposes of the Live Bottom Stipulation, “live bottom areas” have been defined as communities or
areas that contain biological assemblages consisting of sessile invertebrates such as sea fans, sea
whips, hydroids, anemones, ascidians, sponges, bryozoans, or corals living upon and attached to
naturally occurring hard or rocky formations with rough, broken, or smooth topography; or areas
whose lithotope (substrate type) favors the accumulation of turtles, fishes, and other fauna.

Distribution of Hard/Live Bottoms in the Gulf of Mexico

The distribution of hard bottoms (and associated live bottom communities) in the GOM is not
fully known, due in part to the patchy and ephemeral (temporary) nature of hard bottoms that do not
have sufficient vertical relief to avoid intermittent sediment burial (Parker et al., 1983; Jenkins, 2011;
Simmons et al., 2014; Jaap, 2015). Although accurate quantification is challenging and can quickly
become outdated, Parker et al. (1983) illustrates a reasonable overall proportion and distribution of
hard bottoms in U.S. portions of the GOM. The study extrapolated from 732 visual sampling stations
to roughly approximate the amount of hard bottom habitat in a band of relatively shallow waters
(18-91 m; 59-299 ft), estimating that about 94 percent (44,946 km? 17,354 mi®) of the total lies
between Key West and Pensacola, Florida, on the broad West Florida Shelf, and only about
6 percent (2,780 km?; 1,073 mi?) lies between Pensacola, Florida, and the Rio Grande River, where
the continental shelf break is closer to shore. More recently, Jenkins (2011) interpolated a Gulfwide
estimate of dominant surficial seafloor sediments.

Beyond direct sampling and visual observations, an evolving variety of geophysical
techniques such as sidescan- and multibeam echo sounder-sonar (Hine et al., 2008; Mueller et al.,
2014) and 3D seismic (USDOI, BOEM, 2015b; Chapter 4.4, Deepwater Benthic Communities) can
also be used to estimate and map the distribution of hard bottom habitats. In the eastern GOM, far
from the proposed EPA lease sale area and in parts of the EPA currently under a lease moratorium,
there are several areas (including the Florida Middle Grounds, Madison-Swanson Marine Reserve,
Steamboat Lumps, the Dry Tortugas Ecological Reserves, and Pulley Ridge, as shown in Figure
4-17) containing high concentrations of low-relief live bottom habitat. These and other areas have
been designated by NMFS and GMFMC as marine reserves and/or EFH Habitat Areas of Particular
Concern in recognition of the high ecological and socioeconomic (i.e., fisheries) value of live bottom
habitat (Simmons et al., 2014; Figure 4-17). Designation is intended to encourage additional
research and (in some but not all cases) implement fisheries management measures such as
restrictions on gear types (Simmons et al., 2014). However, HAPC designation does not have direct
bearing on nonfishing activities such as those regulated by BOEM. BOEM does consult with NMFS
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on EFH and HAPCs, including the above-named areas (Essential Fish Habitat Assessment white
paper, USDOI, BOEM, 2016d).

Live Bottom Ecology

Live bottom communities are controlled by interconnected abiotic and biotic factors (Brooks,
1991; Weaver et al., 2002; Jaap, 2015). Physical conditions (e.g., light, sedimentation/turbidity,
substrate type, temperature, salinity, prevailing currents, and the frequency and intensity of severe
weather events) affect biological variables such as larval transport, settlement, and growth. For
example, Lugo-Fernandez et al. (2001) reported blockage of coral larval dispersal from the Flower
Garden Bank area to the eastern GOM by the Mississippi River plume. In addition, biological
controls, such as predation and trophic interactions, can affect epibenthic community development
and disturbance response. The relative importance of each controlling factor varies for different
types of epibenthos (Jaap, 2015).

A persistent nepheloid layer (a layer of suspended sediment-laden water of variable density
and vertical size that persists above the seafloor) can be a controlling factor for live bottom species
sensitive to turbidity (Rezak et al., 1990), exerting an influence on their bathymetric and geographic
distribution, and thus is also relevant to impact-producing factors of some OCS oil- and gas-related
activities. This layer reduces the light reaching hard bottoms, resulting in decreased species
richness and abundance below 262 ft (80 m) (Dennis and Bright, 1988; Rezak et al., 1990). Some
studies suggest that the Mississippi River plume influences the distribution and abundance of sessile
invertebrates within 43 mi (70 km) of the river delta and may affect turbidity and sedimentation
throughout the Pinnacle Trend (Gittings et al., 1992a; CSA and GERG, 2001). Nepheloid layers are
less frequent in the eastern GOM, but they can occur when the Mississippi River plume and
upwelling affect the area (CSA and GERG, 2001).

Large, shallow-water coral reefs created via biogenic deposition of calcium carbonate over
time by hermatypic coral species (refer to Schumacher and Zibrowius [1985] for more information
about theoretical and practical definitions of “hermatypic”) are present only at the southern end of the
EPA and on a few topographic features in the WPA and CPA (refer to Chapter 4.6.1, Topographic
Features, for the impact analysis). While the general public often thinks of such biogenic coral reefs
as the only natural habitat for corals, Jaap (2015) illustrates that, for most of their geological history,
corals have existed in less elaborate epibenthic communities that are not built upon large biogenic
reefs (Veron, 1995 and 2000). These types of corals and epibenthic communities are the focus of
this chapter on pinnacles and low-relief features.

The Pinnacle Trend Area
Physical Characteristics

The Pinnacle Trend is an approximately 64 x 16 mi (103 x 26 km) area in water depths of
about 200-650 ft (60-200 m). It is in the northeastern portion of the CPA portion of the proposed
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lease sale area at the outer edge of the Mississippi-Alabama shelf, between the Mississippi River
and De Soto Canyon (Figures 4-17 and 4-19A).

Live bottoms within the Pinnacle Trend features consist of both high-relief outcroppings at
the edge of the Mississippi-Alabama Shelf and low-relief hard bottoms on the inner and middle shelf.
BOEM has sponsored numerous studies providing information about these features (Brooks, 1991;
CSA, 1992; Thompson et al.,, 1999; CSA and GERG, 2001). A 2002 bathymetric survey by the
USGS (Gardner et al., 2002) provided high-quality seafloor imagery that has become the baseline
for this area (Figure 4-19B).

The eastern part of the Pinnacle Trend is covered with a thin, well-sorted layer of fine- to
medium-grained quartzose sand originating from eastern continental rivers. The western portion is
covered with fine silts, sands, and clays deposited by the Mississippi River (CSA, 1992). The linear
orientation and distribution of some features correspond with depth contours and may represent
historic shorelines and drowned calcareous biogenic reefs that developed prior to the most recent
sea-level rise (Ludwick and Walton, 1957; Sager et al., 1992; Thompson et al., 1999).

The high-relief features are complex in shape and structure (e.g., Figure 4-19A-C) and
provide varied zones of microhabitat for attached organisms. High-relief features consist of
pinnacles, flat-top reefs, reef-like mounds, patch reefs, and ridges and scarps. Tall spire-like
mounds are the historical “pinnacles” for which the region is named. The pinnacles rise up to 66 ft
(20 m) in height and can be over 1,640 ft (500 m) in diameter (Thompson et al., 1999; Brooks,
1991). Other features in this area are smaller and have less vertical relief, but they are more
numerous. Low-relief features include fields of small seafloor mounds that rise only a meter or two
above the seafloor but still provide hard surfaces for attached epifauna. Fields of shallow
depressions about 3-20 ft (1-6 m) across also add habitat complexity to the overall character of the
Pinnacle Trend area.
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Figure 4-19. General Location of the Pinnacle Trend (A), Multibeam Bathymetry
and Named Reef Areas (B), and an Exaggerated Vertical Relief
Profile of Rough Tongue Reef (C). (Figure parts were excerpted and
rearranged from Gardner et al., 2002).

Ecology of Live Bottom Communities in the Pinnacle Trend

The substantial amount of hard substrate in the Pinnacle Trend supports colonization by
large numbers of suspension-feeding invertebrates, including octocorals, black corals, and sponges,
and over 70 species of fish (Weaver et al., 2002). The Pinnacle Trend features are composed of
carbonate reef material (Ludwick and Walton, 1957) and vary in shape, size, vertical relief, and
overall complexity. These physical characteristics affect the composition (e.g., biodiversity, density,
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etc.) of the community associated with the substrate. Generally, the more complex the topographic
shape of the substrate, the greater the variety of habitats for organisms and thus greater abundance
and diversity of organisms.

Assemblages of coralline algae, sponges, octocorals, crinoids, and bryozoans are present at
the tops of the shallowest features in water depths of less than 230 ft (70 m) (CSA, 1992). On the
deeper features, as well as along the sides of the shallower pinnacles, ahermatypic corals may be
locally abundant, along with octocorals, crinoids, and basket stars. The diversity and abundance of
the associated species appear to be related to the size and complexity of the features, with the
lower-relief outcrops typically having lower faunal densities and higher relief features having more
diverse faunal communities (Gittings et al., 1992a; Thompson et al., 1999).

Low-Relief Live Bottoms

Outside of the Pinnacle Trend, low-relief live bottom features can and do occur in isolated
locations in shallow waters (<984 ft; 300 m) throughout the GOM, wherever there is suitable hard
substrate and other physical conditions (depth, turbidity, etc.) allow for epibenthic community
development (Rezak et al., 1990). However, they are primarily known to be present in some
locations on the Mississippi-Alabama Shelf and many more locations on the West Florida Shelf
(Figure 4-17), far east of the proposed EPA lease sale area. None of the blocks with known
concentrations of live bottom low-relief habitat are expected to be offered for lease; however, several
live bottom low-relief areas are adjacent to blocks that would be offered for lease under a proposed
action and could potentially be affected by impacts of routine activities and accidental events.
Therefore, an analysis of the potential impacts is included in this Multisale EIS.

Ecology of Inner- and Middle-Shelf Live Bottoms of the Mississippi-Alabama Shelf

These nearshore, hard bottom areas are located in 60-130 ft (18-40 m) of water. A fine-
grained quartz sand sheet covers most of the Mississippi-Alabama Shelf; however, numerous hard
bottoms that are formed of sedimentary rock occur off the Mississippi River Delta and seaward of the
Chandeleur Islands (Schroeder, 2000). These features include isolated low-relief, reef-like
structures; rubble fields; low-relief flat rocks; limestone ledges; rocky outcrops off Mobile Bay; and
clustered reefs (Schroeder et al., 1988; Schroeder, 2000). Hard bottom features on the Mississippi-
Alabama-Florida Shelf typically provide reef habitat for tropical organisms, including sessile epifauna
(i.e., soft corals, ahermatypic hard corals, sponges, bryozoans, and crinoids) and fish.

Various live bottom areas of the Mississippi-Alabama Shelf have been described in literature
(Shipp and Hopkins, 1978, Schroeder et al., 1988; Schroeder et al., 1989, Brooks, 1991). These
areas support a number of foundational species (including hard and soft corals, coralline algaes, and
sponges) that are associated with larger, diverse communities of mobile invertebrates and fishes.
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Ecology of Inner- and Middle-Shelf Live Bottoms of the West Florida Shelf

The majority of low-relief live bottom habitats in the GOM are found on the West Florida
Shelf. The shelf is a relatively flat table of carbonate limestone that is largely covered with carbonate
sand sheets. BOEM has designated blocks on the West Florida Shelf out to the 100-m (328-ft)
isobath as Live Bottom (Low-Relief) Stipulation blocks (Figure 4-17) because live bottom
communities are widely scattered across the West Florida Shelf on limestone ledges and outcrops
(Jaap, 2015). In many places, the sand frequently shifts due to seasonal storms, occasionally
uncovering patches of hard bottom. The nepheloid layer found throughout much of the northern
CPA is not present to the same degree on the West Florida Shelf.

In addition to the smaller, widely distributed low-relief hard bottoms, there are also areas with
permanently exposed, higher relief hard bottoms. In the southeastern portion of the GOM, shallow-
water hermatypic corals are common throughout the Florida Keys reef tract, the Dry Tortugas, and
Pulley Ridge (Jaap, 2015). To the north along the West Florida Shelf are several other important
areas recognized by NMFS/GMFMC (Simmons et al., 2014). Some of these areas are thought to be
relic reef formations that were “drowned” with historic sea-level rises.

Various sessile fauna and flora develop on exposed surfaces of low-relief hard substrates
(Jaap, 2015). Some fauna, such as gorgonian soft corals, are flexible and tall enough to survive
partial sediment burial. Many of the formations have deep reef communities with soft corals, black
corals, sponges, sea whips/sea fans, anemones, and associated mobile echinoderms and
crustaceans. Habitats that are sufficiently close to the water surface can support some hermatypic
corals. Scleractinian and milleporian corals are common on rocky outcrops throughout the eastern
GOM (Jaap, 2015).

Consultations

In 2014, 20 new coral species were listed as “threatened” under the ESA,; all but 7 of these
are found only in Indo-Pacific waters (Federal Register, 2014b). Three of the new species and two
others that were previously listed (elkhorn and staghorn) are found in shallow waters of the GOM.
Some are found on a few topographic features in the WPA/CPA and others in the Dry Tortugas and
Florida reef tract. These coral species are further described in Chapter 4.9.5. The OCS lease
blocks in the EPA near areas containing these species are not being offered in a proposed lease
sale due to the current leasing moratorium and are therefore too distant to be reasonably affected by
routine activities or accidental events occurring in leased areas. Currently, only staghorn and
elkhorn coral have had critical habitat areas defined off the Florida Keys and Florida reef tract,
neither of which are located in the proposed lease sale area. For ESA-listed coral found in the
proposed lease sale area (specifically, on portions of the Flower Garden Banks) where accidental
impacts might be possible, these coral species would be expected to experience the same types of
impact-producing factors as other live bottom organisms. However, due to their relatively low
population sizes, any impacts from accidental events on ESA-listed corals would have a magnified
effect on each of those populations. BOEM consults on listed corals as part of the Section 7
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consultation with NMFS. Adherence to recommendations resulting from this consultation and
application of the Live Bottom Stipulation should prevent or minimize any impacts to these species.

4.6.2.2 Environmental Consequences
4.6.2.2.1 Routine Activities

A number of routine OCS oil- and gas-related impact-producing factors may cause adverse
impacts on pinnacle and low-relief feature communities. As noted above, some factors with minimal
impacts are presented in greater detail in other chapters and are not repeated here. The potential
routine impact-producing factors on pinnacle and low-relief feature communities analyzed here are
grouped into two main categories having similar impacts: (1) bottom-disturbing activities (e.g.,
anchoring, infrastructure emplacement and removal, and core sampling); and (2) drilling-related
sediment and waste discharges (e.g., drilling muds and cuttings, and produced waters). These
impact-producing factors have the potential to damage pinnacle and low-relief feature communities if
not sufficiently distanced via mitigations.

Bottom-Disturbing Activities

Bottom-disturbing activities can be described as any activities that result in the physical
disturbance of the seafloor during the exploration, production, or decommissioning phase of OCS oil-
and gas-related operations. Anchoring, operational wastes produced during drilling, trenching, pipe-
laying, and structure emplacement and removal are examples of OCS oil- and gas-related activities
that disturb the seafloor (refer to Chapter 3.1). The spatial extent of the seafloor disturbance and
the magnitude of the effect on benthic organisms would depend on the specific activity, local
environmental conditions (e.g., currents, water depth, etc.), and species-specific behaviors and
habitat preferences.

Turbidity from suspended sediments, along with sediment displacement resulting from
routine, bottom-disturbing OCS oil- and gas-related activities generally have localized effects. In
general, impacts to pinnacle and low-relief feature communities could include any or all of the
following: reduced settlement and growth due to loss of available hard substrate; inhibited feeding
leading to reduced reproductive fitness; and mortality of individuals (e.g., coral polyps) and groups
(e.g., a coral colony). Reductions in overall biological cover could have secondary ecological effects
on organisms that were using the complex structural microhabitats. Some mobile invertebrates
(e.g., star fish) are expected to be able to move to avoid the heaviest sedimentation and highest
suspended sediment loads within 33 ft (10 m) of a disturbance, while sessile invertebrates (e.g.,
corals) cannot. Both sessile and mobile invertebrate species adapted to living in turbid
environments, such as those commonly found in the persistent nepheloid layer or otherwise adapted
to occasional sediment inundation, may be less affected by increased turbidity. Such organisms
may be adapted to remove some covering sediment via tentacle motion and mucus secretion (Shinn
et al., 1980; Hudson and Robbin, 1980). Other species that typically inhabit less turbid waters would
suffer greater impacts (Rogers, 1990; Gittings et al., 1992a). For example, zooxanthellate coral
species are dependent on a continuous, unobscured light source to support the symbiotic
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photosynthetic algae (zooxanthellae) and may suffer coral bleaching if the water column becomes
overly turbid. Solitary octocorals and gorgonians are generally more tolerant of sedimentation, partly
because they grow tall and are flexible, reducing sediment accumulation and allowing for easier
removal (Marszalek, 1981; Torres et al., 2001; Gittings et al., 1992a).

In addition to drilling activities, the process of installing and removing OCS oil- and gas-
related infrastructure (i.e., pipelines, platforms, and subsea systems including cables) also has the
potential to displace large volumes of sediment. The resulting localized increases in turbidity and
sedimentation would have the same indirect impacts as those caused by drilling-related sediment
discharges.

The OCS oil- and gas-related infrastructure/equipment also has the potential to damage or
kill benthic organisms should the equipment itself make direct contact. Any object placed on or
through a live bottom feature can cause partial or complete breakage, crushing, or smothering. In
addition to mortality, there could be any or all of the potential sublethal impacts already described
above in relation to sedimentation. The severity of impacts from direct physical contact would vary
in direct proportion to the surface area and mass of the specific equipment. For example, the
placement of a large bottom-founded platform on a live bottom would have a much greater impact
than the placement of a small umbilical cable.

Similarly, anchor damage is one of the greatest threats to the biota of the offshore banks in
the GOM (Rezak and Bright, 1979; Rezak et al., 1985; Gittings et al., 1992a; Hudson et al., 1982).
Anchors may break, fragment, or overturn corals, sponges, and other benthic organisms, and the
anchor chain or cable may drag across and shear organisms off the substrate (Dinsdale and
Harriott, 2004). This would result in negative consequences ranging from increased stress to
mortality (Dinsdale and Harriott, 2004). The impact of dragging an anchor across a live bottom
would depend on the distance and duration of bottom contact, but it could be considerable due to the
forces involved. Dragged anchors often leave seafloor scars noticeable on sidescan-sonar imagery
years later. Damage to a coral community may take 10 or more years to recover (Fucik et al., 1984;
Rogers and Garrison, 2001).

Drilling-Related Sediment and Waste Discharges

Drilling of new wells is one of the activities with the greatest impact potential, due to the
associated sedimentation/turbidity caused by the drilling process and from the release of drilling
cuttings and discharges. As noted in Chapter 3, drilling an exploratory well produces approximately
2,000 metric tons of combined drilling fluid and cuttings, though the total mass may vary widely for
different wells (Neff, 2005). Cuttings discharged at the surface tend to disperse in the water column
and are distributed at low concentrations (CSA, 2004a). In deep water, the majority of cuttings
discharged at the sea surface are likely to be deposited within 250 m (820 ft) of the well (CSA,
2006). Cuttings shunted to the seafloor forms piles concentrated within a smaller area than when
sediments are discharged at the sea surface (Neff, 2005).
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Apart from turbidity and sedimentation, the chemical content of drilling muds and cuttings,
and to a lesser extent produced waters, is another potential impact-producing factor since these may
contain hydrocarbons, trace metals including heavy metals, elemental sulfur, and radionuclides
(Kendall and Rainey, 1991; Trefry et al., 1995). Substances containing heavy metals and other
potentially toxic compounds would have the potential to be moderately toxic to live bottom
organisms, but only if they were to come into contact in undiluted strengths (CSA, 2004a). Although
the literature has not reported impacts to corals as a result of exposure to contaminants in cuttings,
infauna have shown effects at distances <100 m (<330 ft) from the discharge. These include
reduced reproductive fitness, altered populations, and acute toxicity (Montagna and Harper, 1996;
Carr et al., 1996; Kennicutt et al., 1996; Hart et al., 1989; Chapman et al.,, 1991; CSA, 2004a).
Because of BOEM'’'s distancing requirements for new wells, contact with concentrated (and
potentially harmful) levels of any such toxins is not expected. Produced waters (refer to Chapter
3.1.5.1.1 for more detail) are rapidly diluted with distance, and impacts are generally only observed
within very close proximity of the discharge point (Gittings et al., 1992a; Neff, 2005). In addition to
the protection offered by BOEM'’s distancing requirements, releases of toxic discharges are
regulated by the USEPA through the issuance of NPDES permits. Adherence to NPDES permit
requirements would help ensure that water quality is maintained at nontoxic levels.

As further detailed in other chapters, explosive severance methods used during
decommissioning activities could result in damage or death to any organisms within the vicinity of
the blast or associated sediment plume, although long-term turbidity is not expected from platform
removal operations. The shockwave from the blast could also damage or destroy the underlying
hard substrates required to support live bottoms. The BSEE Interim Policy Document 2013-07,
“Rigs-to-Reefs Policy,” specifies that the use of explosive severance methods will not be approved if
analysis determines they would cause harm to established artificial reef sites and/or natural live
bottoms.

Potential impacts resulting from all of the above routine activities are mitigated through the
Live Bottom Stipulation and the protective measures summarized above and detailed in NTL 2009-
G39. The site-specific survey information and distancing requirements described in NTL 2009-G39
would allow BOEM to identify and protect live bottom features from harm by proposed OCS oil- and
gas-related activities during postlease reviews. If those protective measures are applied to identified
pinnacle and low-relief feature communities as expected, at the scope of this analysis, impacts of
routine activities would be expected to be negligible. These protective measures are now a
required mitigation as a result of the Five-Year Program’s Record of Decision.

Without adherence to the requirements of the stipulation and external regulatory restrictions
on discharges, impacts to pinnacle and low-relief feature communities from the above routine
activities could rise to minor, moderate, or even major, depending on the number and locations of
specific activities. The highest impact levels are possible in the improbable (but theoretically
possible) case that a large number of routine activity disturbances were to physically impact a large
number of live bottom habitats. Even without mitigations, the likelihood is very low that a large
number of OCS oil- and gas-related activities would occur in close proximity because the hard
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substrate habitats supporting pinnacle and low-relief feature communities are patchily distributed
throughout the GOM and are relatively rare compared with soft bottom substrates. But this
possibility cannot be definitively ruled out without knowing the precise spatial distribution of both
future OCS oil- and gas-related activities and live bottom communities.

4.6.2.2.2 Accidental Events

The primary accidental impact-producing factors on pinnacle and low-relief feature
communities analyzed here are grouped into two categories: (1) bottom-disturbing activities (e.g.,
anchoring and infrastructure emplacement and removal); and (2) oil spills (surface and subsurface)
and associated cleanup responses. These impact-producing factors have the potential to damage
pinnacle and low-relief feature communities if not sufficiently distanced or otherwise mitigated.

Bottom-Disturbing Activities

Impacts resulting from bottom-disturbing activities were detailed under “Routine Activities”
and are largely the same for accidental events. There are only slight differencesrelated to
mechanisms and potential severity. The primary, accidental bottom-disturbing activity is the
inadvertent deposition or placement of equipment on live bottoms. Accidental loss of equipment
could occur during transfer operations between vessels and platforms, during vessel transit, during
an “on deck” accident, as a consequence of a severe storm, or if a structure, drill, or anchor is
unintentionally placed in the wrong location during operations. During routine operations, distancing
mitigations offer some protections against these types of impact, but those protections do not apply
to accidents, other than to reduce the likelihood of routine activities occurring in pinnacle and low-
relief feature areas in the first place. Any object placed on or through a pinnacle and low-relief
feature can cause partial or complete breakage, crushing, or smothering of both substrate and
organisms, and/or could cause increased sedimentation as equipment disturbs the seafloor. In
addition to mortality, pinnacle and low-relief feature communities could experience any or all of the
potential sublethal impacts already described in the “Routine Activities” section above. The severity
of impacts from direct physical contact would vary in direct proportion to the surface area and mass
of the specific equipment. Given the relative rarity of pinnacle and low-relief features and
communities in the GOM, impacts from accidental bottom-disturbing equipment are expected to be
infrequent and highly localized, with the likelihood of accidental contact further reduced by the
expected distancing mitigations. However, because of the unplanned and potentially uncontrolled
nature of accidental bottom-disturbing events, there exists greater uncertainty about their potential
impact severity than exists for planned routine activities, and there is the potential for a minor level
impact under the right combination of conditions. Therefore, at the scale of this analysis, impacts
from accidental bottom-disturbing activity to pinnacle and low-relief features and associated
communities could range from negligible to minor, depending on the overall frequency and severity
of the accidental events.

Without the protective measures provided by the Live Bottom Stipulation (which is a required
mitigation as a result of the Five-Year Program’s Record of Decision) and by postlease reviews and
distancing, the potential impacts of accidental bottom disturbances could rise to moderate or even
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major levels in the improbable (but theoretically possible) case that a large number of accidental
disturbances were to physically impact a large number of pinnacle trend and low-relief features and
if community-level impacts can be clearly distinguished from a natural variation. Even without
mitigations, the likelihood is very low that a large number of OCS oil- and gas-related activities would
occur in close proximity to the relatively rare hard substrate habitats supporting the communities, but
this possibility cannot be definitively ruled out without knowing the precise spatial distribution of both
future OCS oil- and gas-related activities and the features/communities.

Oil Spills and Associated Impacts

Oil spills, historic trends, the characteristics of oil, and factors affecting the fate of oil
released into the marine environment are discussed in detail in Chapter 3.2.1, and the potential
effects on water quality are analyzed in Chapter 4.2 (Water Quality). For information on impacts
specifically resulting from a catastrophic oil spill (beyond the scope of this analysis), refer to the
Catastrophic Spill Events Analysis white paper (USDOI, BOEM, 2017).

Impacts related to an accidental release of oil or other contaminants could adversely affect
pinnacle and low-relief feature communities. Potential impacts related to an accidental spill would
depend on the combination of these various components: surface oil; subsurface oil; chemical
dispersants and dispersed oil; sedimented oil (oil adsorbed to sediment particles, also known as
“‘marine snow”); sedimentation caused by a loss of well control; and certain spill-response activities.
Adherence to well-distancing requirements should serve to reduce such impacts.

Biological impacts resulting from exposure to accidentally released oil droplets and/or
chemical dispersants are anticipated to be mostly sublethal. Sublethal impacts that may occur to
exposed corals and similar benthic invertebrates may include reduced feeding, reduced
photosynthesis, reduced reproduction and growth, physical tissue damage, and altered behavior.
For example, short-term (24 hours) sublethal responses of one coral species included mesenterial
filament extrusion, extreme tissue contraction, tentacle retraction, and localized tissue rupture after
exposure to dispersed oil at a concentration of 20 ppm (Knap et al., 1983; Wyers et al., 1986). It is
important to note that, generally, laboratory experimental concentrations are designed to discover
toxicity thresholds (e.g., DeLeo et al., 2015) that exceed probable exposure concentrations in the
field.

Oil spills originating at the surface, such as from a vessel or platform, have some potential to
impact pinnacle and low-relief feature communities. The depth of the feature communities helps to
buffer and protect them from most surface spills because their crests are generally deeper than the
physical mixing ability of surface oil (Lange, 1985; McAuliffe et al., 1975 and 1981a; Tkalich and
Chan, 2002; Thompson et al., 1999; Schroeder, 2000). Oil becomes diluted as it physically mixes
with the surrounding water column. The shallowest known concentrations of pinnacle and low-relief
features occur in the Live Bottom (Low Relief) Stipulation blocks within the EPA (Figure 4-17), and
none of these blocks are expected to be offered for lease since they are under a Congressional
leasing moratorium through 2022. In the Pinnacle Trend area, the largest features rise to within
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40 m (130 ft) of the sea surface. In very unusual conditions, surface oil and/or surface dispersant
could contact some of the shallower Pinnacle Trend features. Silva et al. (2015) documented acute
lethal and sublethal impacts to gorgonians on Pinnacle Trend features caused by large amounts of
Deepwater Horizon-sourced surface oil. A large volume of oil/dispersant mixture was submerged by
unusually strong wave action associated with a tropical storm that passed directly over the oil. As a
result, sizable amounts of the relatively undiluted oil/dispersant reached live bottom features. This
contact, though demonstrably possible, required an unusual combination of atypical conditions,
making it generally unlikely outside of a catastrophic spill situation, which is not part of a proposed
action and not likely expected to occur.

In a subsurface spill or loss of well control situation, it is expected that the majority of
released oil would rise quickly to the surface due the characteristics of northern GOM oil reserves,
meaning most impacts would be similar to a surface-originating spill. However, if an oil spill/loss of
well control occurs at great depths and released oil is subjected to higher water pressures, some oil
droplets may emulsify and become entrained deep in the water column (Boehm and Fiest, 1982),
creating a subsurface plume (Adcroft et al., 2010). In the PDARP/PEIS, such plumes were
documented following the Deepwater Horizon oil spill (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). If a concentrated plume came into contact with live bottom
organisms, impacts could include mortality, failed reproductive success, reduced biodiversity,
reduced coverage of fauna and flora on hard substrates, and changes in community structure
(Reimer, 1975; Guzman and Holst, 1993; Negri and Heyward, 2000; Silva et al., 2015). Exact
impacts would depend on the location, age of the spill, and the hydrographic characteristics of the
area (Bright and Rezak, 1978; Rezak et al., 1983; McGrail, 1982; Le Henaff et al., 2012). However,
because shallow-water live bottom features are located on the shelf and upwelling events are limited
to hurricanes, eddy formations, or when certain metrological conditions exist (Walker, 2001; Collard
and Lugo-Fernandez, 1999; Zavala-Hidalgo et al., 2006), contact of a subsurface plume with a live
bottom feature would only occur under the most unusual combination of conditions (e.g., Silva et al.,
2015).

The USCG may allow the use of chemical dispersants in certain spill situations. Chemical
dispersion of oil can help to break up concentrations of oil and accelerate natural weathering
processes and bacterial biodegradation. Use of dispersants may, however, allow surface oil to
penetrate to greater depths than normally expected from typical physical mixing, and dispersed oil
might tend to remain further below the water’s surface than undispersed oil (McAuliffe et al., 1981b;
Lewis and Aurand, 1997). Reports about dispersant usage on surface plumes indicate that a
majority of the dispersed oil remains in the top 10 m (33 ft) of the water column, which is generally
shallower than the crests of OCS live bottom features; therefore, contact is generally not expected
apart from highly unusual conditions such as those seen in Silva et al. (2015). If contact is made,
impacts may differ somewhat between oil, oil/dispersant mixtures, and dispersant alone. Deleo
etal. (2015) demonstrated that concentrated amounts of dispersant and oil/dispersant mixtures
caused more severe health declines to live bottom organisms than oil-only mixtures. One field study
(Yender and Michel, 2010) indicated less severe impacts, possibly due to that study’s (more
realistic) application of dispersants in an open field system, although during the Deepwater Horizon
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oil spill, dispersants were also applied subsea at the source of the blowout. Stratified density layers
of water allowed the oil/dispersant plume to remain at depth instead of dispersing up into the water
column (Joint Analysis Group, 2010), and these concentrated plumes are thought to have caused
serious but fairly localized damage to deepwater corals on the continental slope (White et al., 2012;
Hsing et al., 2013; Fisher et al., 2014a). It is unlikely that concentrated oil/dispersant mixtures would
be found near shallow-water live bottom features; therefore, lethal exposures to large numbers of
shallow-water live bottom organisms are not anticipated.

For any accidental spill, it is expected that a certain quantity of oil may eventually settle on
the seafloor through a binding process with suspended sediment particles (adsorption) or after being
consumed and excreted by phytoplankton (Passow et al., 2012). The product of these processes is
sometimes referred to as “marine snow.” It is expected that the greatest amount of adsorbed oil
particles would occur close to the spill, with the concentration reducing over distance. If the spill
occurs close to a live bottom feature, some underlying live bottom organisms may become
smothered by the particles and experience long-term exposure to hydrocarbons. This was seen for
some deepwater corals following the Deepwater Horizon oil spill and response (White et al., 2012;
Hsing et al., 2013; Fisher et al., 2014a). Beyond the localized area of impact in that case, particles
would become increasingly biodegraded and dispersed. Any localized impacts to pinnacle and low-
relief feature communties would be expected to be largely sublethal and could include reduced
recruitment success, reduced growth, and reduced biological cover as a result of impaired
recruitment (Rogers, 1990; Kushmaro et al., 1997).

Sediments suspended or displaced as a result of a loss of well control could also impact
pinnacle and low-relief feature communties. These impacts would be largely identical to those
caused by sedimentation stirred up by bottom-disturbing equipment, with the possible addition of
toxic hydrocarbons or drilling muds in the sediments (refer to “Routine Activities”). Because
permitted wells would have been distanced from pinnacle and low-relief feature communties before
installation, it is expected that the heaviest sediment concentrations would fall out of suspension and
disperse before reaching the communities, preventing most impacts. Some live bottom organisms,
such as flexible sea fans, are naturally adapted to turbid conditions and may not be as negatively
affected. Outside of a catastrophic spill situation, a very substantial amount of sediment burial of
organisms during an accidental spill event is not reasonably foreseeable (refer to the Catastrophic
Spill Events Analysis white paper, USDOI, BOEM, 2017).

Finally, spill cleanup/response activities could themselves have negative impacts. During a
response operation, the risk of accidental impacts of bottom-disturbing equipment is increased.
There could be unplanned or emergency anchoring on live bottom features or accidental losses of
heavy equipment from responding vessels. Response-related equipment such as seafloor-anchored
booms may be used and could inadvertently contact live bottom organisms. In addition, drilling
muds may be pumped into a well to prevent a loss of well control. It is possible that during this
process, some of this mud may be forced out of the well and deposited on the seafloor near the well
site. If this occurs, the impacts would be severe for any organisms buried; however, the impact
beyond the immediate area would be limited and adherence to the original distancing requirements
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would prevent or reduce most impacts. Noncatastrophic accidental spills have historically been
relatively small events (Table 3-12). While the total amount of hard/live bottoms in the GOM is small
compared with soft bottoms, the habitats are widely distributed and a localized impact from one
noncatastrophic accidental event would only impact a small fraction of the overall resource
(McEachran, 2009).

All of the above impact-producing factors could lead to lethal or sublethal impacts on
individual pinnacle and low-relief feature communities, with the range of impacts dependent on the
quantity of spilled oil and proximity to habitats. While a spill resulting from a catastrophic-level
blowout in deep water (such as the Deepwater Horizon oil spill) has the potential to seriously impact
individual pinnacle and low-relief feature communities over a long time period, such a spill is not
reasonably foreseeable as a result of a proposed action. Impacts from individual routine activities
and reasonably foreseeable accidental events are usually temporary, highly localized, and expected
to impact only small numbers of pinnacle and low-relief feature communties at a time. Some live
bottom species possess natural adaptations to high-turbidity environments that could help remove
spill-related sediments. Moreover, use of the expected site-specific plan reviews/mitigations would
distance activities from identified pinnacle and low-relief feature communities, greatly diminishing the
likelihood and severity of potential effects. Therefore, at the scale of this analysis, and with
application of the expected mitigation practices, impacts on pinnacle and low-relief feature
communities from accidental spills and associated impact-producing factors are expected to range
from negligible to minor. This range of potential impact levels reflects the relative uncertainties
associated with unplanned and potentially uncontrolled accidental spills and with the remote
possibility of unusual weather conditions that could push surface oil/dispersant deeper than is
typical, potentially leading to a minor level of impact. The exact impact would depend on the overall
frequency and severity of accidental spills and their proximity to pinnacle and low-relief feature
communities.

Without the protective measures provided by the Live Bottom Stipulation (which is a required
mitigation as a result of the Five-Year Program’s Record of Decision), and associated postlease
reviews and distancing, the potential impacts of accidental spills could rise to moderate or even
major levels, in the improbable (but theoretically possible) case that a large number of accidental
spills were to occur at wells in close proximity to a large number of live bottom communities and if
community-level impacts can be clearly distinguished from a natural variation. Even without
mitigations, the likelihood is very low that a large number of accidental spills would occur in close
proximity to the relatively rare hard substrate habitats supporting pinnacle and low-relief feature
communities, but this possibility cannot be definitively ruled out without knowing both the precise
distribution of such spills and the communities.

4.6.2.2.3 Cumulative Impacts

The following analysis considers whether the incremental impacts of routine activities and
accidental events associated with the proposed OCS Oil and Gas Program-related operations, when
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added to or acting synergistically with existing non-OCS oil- and gas- related impact sources from
the cumulative impacts scenario, may result in a significant collective impact.

OCS QOil- and Gas-Related Impacts

The OCS oil- and gas Program-related impacts include the long-term, incremental
contribution of the routine and accidental bottom-disturbing activities outlined above: (1) bottom-
disturbing activities (e.g., drilling, anchoring, infrastructure installation/removal, and associated
sedimentation); (2) sediment and waste discharges (e.g., drilling muds and cuttings, and produced
waters); and (3) oil spills (surface and subsurface and associated cleanup responses). As already
detailed above, these impact-producing factors have the potential to damage individual pinnacle and
low-relief feature communities , if insufficiently distanced or otherwise mitigated. Bottom-disturbing
activities could result in the physical destruction of benthic habitat and organisms or the disturbance
of sediments within the environment, resulting in burial and/or increased turbidity. Routine and
accidental waste discharges could be toxic if contacted in undiluted form near the source. Oil spills
and dispersants are known to have negative, acute effects on benthic organisms, and the
cumulative, long term effects of persistent, low-level exposure to oil are not yet fully understood. All
of these activities could lead to lethal or sublethal impacts on individual live bottom communities.
However, impacts from individual events are usually temporary, highly localized, and expected to
impact only small numbers of organisms and substrates at a time, particularly since live bottom
habitats are relatively rare and distributed in only small patches of the OCS areas that are
anticipated to be leased. Also, adherence to the expected Live Bottom Stipulation and site-specific
plan reviews/mitigations would distance many of these activities, greatly diminishing potential
effects. Therefore, the incremental cumulative contribution of the proposed OCS oil- and gas-related
routine activities and accidental events is expected to have only negligible to minor impacts.

This range of potential impact levels reflects the relative uncertainties associated with
unplanned accidental bottom disturbances and accidental spills, including the remote possibility of
unusual weather conditions that could push surface oil/dispersant deeper than is typical, potentially
leading to a minor level of impact. The exact impact would depend on the overall frequency and
severity of accidental events and their proximity to pinnacle and low-relief feature communities.

Non-OCS QOil- and Gas-Related Impacts

The cumulative, long-term impact of reasonably foreseeable, non-OCS oil- and gas-related
anthropogenic activities and influential environmental conditions on live bottoms could be
considerable, although they are difficult to precisely quantify when projecting future conditions over
the next 50 years. The primary anthropogenic activities with impact producing factors are vessel
anchoring and fishing. The primary environmental factors are invasive species, hypoxia, severe
weather, and climate change. There is extensive scientific literature readily available about all of
these subjects; only a brief summary analysis is provided here. It should be noted that BOEM'’s
stipulations and site-specific plan reviews/mitigations are not designed to mitigate against the
potential impacts posed by these non-OCS oil- and gas-related anthropogenic activities and
environmental factors. They are designed to protect live bottom resources from OCS oil- and gas-
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related activities within BOEM'’s jurisdiction and to mitigate against a proposed action’s incremental
cumulative impact contribution to the overall OCS and non-OCS cumulative impacts.

Certain fishing gear and overfishing can have long-term effects on benthic species and
habitats. These effects can be caused both by the gear and through indirect trophic effects.
Bottom-tending gear such as bottom trawls and bottom-contacting long lines could destroy or disturb
hard/live bottoms such that species diversity and abundance are negatively affected (Wells et al.,
2008; NRC, 2014; Pusceddu et al., 2014; Secor et al., 2014). Such gear may dislodge, entangle, or
otherwise damage organisms inhabiting live bottoms. Large emergent sponges and corals may be
particularly vulnerable to trawling activity, as these organisms grow above the substrate and can be
caught and removed by trawling activity (Freese et al., 1999, Hourigan 2014). Because many hook-
and-line fishermen target live bottom-associated reef fish, they may use bottom-contacting gear that
can damage the tissues of benthic organisms, particularly when the line is snagged and abandoned.
In addition, fishing pressure could selectively alter fish community structure and, over the long term,
have a top-down trophic impact on fish populations that interact with live bottoms.

The impacts of vessel anchoring on live bottoms are similar to the other bottom-disturbing
impacts described above. Of note in this section is that smaller vessels such as recreational fishing
and diving boats are also included. Such vessels are more numerous than large vessels, though
their individual anchors are much smaller and most recreational activities occur close to shore. The
degree of potential damage is dependent on the size of the anchor and chain (Lissner et al., 1991).
Anchor damages to benthic organisms such as corals may take more than 10 years to recover
(Fucik et al., 1984; Rogers and Garrison, 2001).

The lionfish is an invasive species of concern that has been reported throughout the GOM
(USDOI, GS, 2010 and 2015; Johnston et al., 2013; Aguilar-Perera and Tuz-Sulub, 2010). This fish
is thought to drive down diversity and abundance of benthic organisms, especially crabs, demersal
fishes, and shrimps (Green et al., 2012). The precise cumulative impact of invasive species on
GOM live bottom features is still unknown at this time, but it is projected that negative impacts are
likely to worsen over time as lionfish populations are increasing exponentially in both abundance and
distribution (Switzer et al., 2015).

Depleted dissolved oxygen occurs seasonally in shelf waters of the northern GOM, including
in areas with pinnacle and low-relief feature communties . Dissolved oxygen depletion is caused
primarily by the decomposition of algae whose production is stimulated by excess nutrients delivered
by the Mississippi River and other coastal rivers, the source of which can be traced back to onshore
human activities such as fertilizer use. Hypoxic (dissolved oxygen <2.0 mg/L) conditions can have
lethal and sublethal effects on aquatic organisms (refer to Chapter 3.3.2.12 for more information on
hypoxia). Although hypoxic conditions are mainly a characteristic of Louisiana-Texas shelf waters,
negative effects could reach some pinnacle and low-relief feature communties in the northeast
portion of the CPA. Dramatic changes in natural levels of dissolved oxygen over time could alter the
composition and distribution of live bottom communities.
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Severe weather events of sufficient magnitude (e.g., hurricanes) may also cause impacts.
The force of currents and wave action can directly disturb sediments (Brooks, 1991; CSA, 1992),
increasing turbidity and associated impacts. Severe weather can also have secondary impacts,
such as causing movement of abandoned fishing gear and causing accidental losses of equipment
overboard or even the toppling of entire platforms. In general, live bottom communities have
adapted over millennia to deal with natural levels of severe weather, but changing climatic conditions
that alter the frequency and/or severity of severe weather events could impact live bottom resources
in unforeseen ways to which live bottoms may not be able to adapt.

Climate change-related effects have the potential to alter baseline environmental conditions
throughout the GOM. An additional review of climate change is presented in the Five-Year Program
EIS (USDOI, BOEM, 2016b). Of particular note for pinnacle and low-relief feature communties are
the potential negative consequences that may be caused by the dual mechanisms of increasing
ocean temperatures and ocean acidification. Sustained, unusually high water temperatures are
documented to cause coral bleaching, in which symbiotic zooxanthellae are expelled from coral
polyps. Ocean acidification can reduce the bioavailability of calcium carbonate and thereby inhibit
normal rates of calcification by exoskeleton-building corals and other calcifying marine organisms.
Decreased calcification rates have been observed in numerous shallow-water, zooxanthellate corals
(refer to Hoffman et al., 2010). Both mechanisms can inhibit growth and reproductive fitness. Other
potential climate change-driven alterations of baseline environmental conditions, such as sea-level
rise, could also have additional, unpredictable effects on sessile benthic organisms.

The cumulative impact level of each of these individual factors is difficult to accurately
estimate since the spatial and temporal characteristics of some factors are rapidly changing and
necessary baseline information is still being collected. However, at present, the overall impact of
these non-OCS factors is estimated to be minor to moderate, with individual species affected to
different degrees by each factor. Over the next 50 years, the impact level from these non-OCS
factors could potentially rise to higher levels, even possibly major, should current trends of these
non-OCS oil- and gas-relatedactivities continue or worsen.

Weighed against these potential non-OCS oil- and gas-related impacts from anthropogenic
activities and influential environmental conditions, the much smaller incremental cumulative impact
of a proposed lease sale is expected to contribute only a negligible to minor amount to the total
potential level of impacts. Based on current conditions, the overall cumulative impact of everything
(OCS and non-OCS) is minor to moderate, with almost all of the impacts coming from non-OCS oil-
and gas-related activities. This total impact level has the potential to rise over the next 50 years to
higher levels, even possibly to major, should projected trends of non-OCS oil- and gas-related
activities (particularly climate change) continue or worsen. Given the negligible to minor
contribution of a proposed lease sale to this overall cumulative scenario, it is reasonable to conclude
that a single proposed lease sale would not cause the overall cumulative impact level to rise over the
next 50 years.
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4.6.2.2.4 Incomplete or Unavailable Information

BOEM recognizes that there is incomplete or unavailable information related to GOM live
bottom habitats in general and specifically in relation to routine activities, accidental events, and
cumulative impacts for OCS oil- and gas-related activities and cumulative non-OCS oil- and gas-
related activities. However, the information that is known is adequate to come to a determination
with respect to reasonably foreseeable impact-producing factors associated with a proposed action.

Research in offshore marine systems is logistically complex and requires substantial
resources to conduct. The total amount of research on live bottom habitats has therefore been
limited, although BOEM and its predecessor agencies have funded numerous studies over the past
40 years. An example of incomplete knowledge about this resource would be that the exact
distribution of GOM live bottom habitats at any given time is not perfectly understood. This is due in
part to limits on data collection but also due to the frequent burial and exposure of low-relief hard
bottoms. To help address this knowledge gap, BOEM requires operators to provide detailed,
updated, site-specific survey information about potential live bottom habitats; this information is
reviewed by subject-matter experts prior to approval of individual proposed activities, and
appropriate protective mitigations are applied where appropriate.

Although BOEM has acquired and applies a large amount of knowledge about possible
impacts to live bottom habitats, a perfect understanding of all conceivable impacts is unattainable.
For example, only recently did a study (Silva et al., 2015) provide compelling evidence that mixing of
a surface oil/dispersant mixture to the depths of the Pinnacle Trend live bottom features can actually
occur, given an unusual combination of conditions, and could then have a localized impact. Given
the geographic and temporal scope of a proposed action, it is believed that even impacts resulting
from that particular scenario would still only have a slight impact on the overall status of GOM
pinnacle and low-relief feature communities. Moreover, the amount of oil/dispersant mixture in that
catastrophic situation greatly exceeded the amounts considered in the “Accidental Events” analysis.
However, the example demonstrates the point that the body of literature supporting impact analysis
is still growing and requires continual review by BOEM.

Known information about potential impacts of a theoretical catastrophic spill is detailed in the
Catastrophic Spill Events Analysis white paper (USDOI, BOEM, 2017), and further information was
made available with the publication of the Trustees’ PDARP/PEIS in 2016 (Deepwater Horizon
Natural Resource Damage Assessment Trustees, 2016). The content of that report was reviewed
as part of this analysis. Some information related to impacts specific to the Deepwater Horizon
explosion, oil, spill, and response, such as long-term monitoring results, is still incomplete or
unavailable. BOEM has determined that such additional information could not be timely acquired
and incorporated into the current analysis. However, based on the currently available evidence,
impending reports are not expected to reveal additional significant effects that would alter the overall
conclusions about reasonably foreseeable impact-producing factors associated with a proposed
action.
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BOEM will continue to analyze and support collection and analysis of the best available
scientific information related to live bottom habitats. BOEM used reasonably accepted scientific
methodologies to extrapolate from existing information in completing this analysis and formulating
the conclusions presented here. BOEM has determined that the incomplete information is not
essential to a reasoned choice among alternatives.

4.6.2.2.5 Alternative A—Regionwide OCS Lease Sale (The Preferred Alternative)

The activities proposed under Alternative A could directly impact live bottom pinnacle and
low-relief features within the GOM. The primary, reasonably foreseeable, impact-producing factors
for pinnacle and low-relief feature communities can be grouped into three main categories:
(1) bottom-disturbing activities; (2) sediment and waste discharges; and (3) oil spills. The proposed
Live Bottom Stipulation (which is a required mitigation as a result of the Five-Year Program’s Record
of Decision), along with site-specific reviews of permit applications and associated distancing
requirements, would mitigate potential impacts to the communities as a result of both routine
activities and accidental disturbances. Assuming adherence to all expected lease stipulations and
other postlease protective restrictions and mitigations, the routine activities are expected to have
mostly short-term, localized, and temporary effects on the communities that may not be clearly
detectable. Therefore, at the regional, population-level scope of this analysis, the impacts of routine
activities would be expected to be negligible.

Accidental events (below the threshold of a catastrophic spill, which is detailed in the
Catastrophic Spill Event Analysis white paper [USDOI, BOEM, 2017]) have the potential to cause
detectable, severe damage to specific pinnacle and low-relief feature communities. However, the
number of such events is expected to be very small and localized, and impacts might not be clearly
distinguishable from natural variation. Therefore, at the regional, population-level scope of this
analysis, impacts from reasonably foreseeable accidental events are expected to be negligible to
minor.

Proposed and existing OCS oil- and gas-related activities would also contribute
incrementally, but only a negligible to minor amount, to the overall OCS oil- and gas-related and
non-OCS oil- and gas-related cumulative effects experienced by pinnacle and low-relief feature
communities. Absent the expected mitigations, the impacts resulting from both routine activities and
accidental events of a proposed lease sale could be greater, with overall population-level impacts
ranging from minor to major (in a theoretical, if improbable, worst-case scenario). The previous and
continuing OCS oil- and gas-related cumulative impacts beyond the incremental contribution of a
proposed action (a specific lease sale) are estimated to continue having only negligible to minor
impacts, assuming continued adherence to all expected lease stipulations and other postlease
protective restrictions and mitigations.

A variety of non-OCS oil- and gas-related activities, including fishing and anchoring, along
with shifting natural conditions such as invasive species and climate change-related factors, seem
likely to have a considerably greater impact on the communities; currently, that impact level is
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estimated as minor to moderate, but it could increase to as great as major over the next 50 years.
Ongoing non-OCS oil- and gas-related activities are difficult to accurately estimate since the spatial
and temporal characteristics of some factors are rapidly changing, and necessary baseline
information is still being collected; however, at present, these non-OCS oil- and gas-related activities
are having minor to moderate cumulative impacts on pinnacle and low-relief feature communities.
These could potentially become greater over time, even rising to major over the next 50 years,
should current trends of these activities continue or worsen, regardless of whether or not a proposed
lease sale would be held. Weighed against these potential non-OCS oil- and gas-related impacts
from anthropogenic activities and influential environmental conditions, the much smaller incremental
cumulative impact of a proposed lease sale is expected to contribute only a negligible to minor
amount to the total potential level of impacts.

4.6.2.2.6 Alternative B—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the WPA Portion of the Proposed Lease Sale Area

Under Alternative B, BOEM would hold a lease sale excluding the available unleased WPA
blocks and would offer all available unleased blocks in the CPA and a portion of the EPA.
Alternative B would not fundamentally alter the conclusions reached under Alternative A, but it would
reduce the potential impacts of a proposed sale in the available unleased WPA blocks. The impacts
from proposed activities to pinnacle and low-relief feature communities would remain the same in
leased portions of the CPA/EPA. Impacts resulting from accidental events should remain relatively
localized, with the number of features affected being directly proportional to the size of the accident.
An accident along the CPA/WPA border has the possibility to impact features in either planning area.
Pinnacle and low-relief feature communities are found throughout the GOM, and therefore, the
impacts associated with Alternative B could still potentially cause some population-level effects.

At the regional, population-level scope of this analysis, the overall impact to the communities
as a result of the activities proposed under Alternative B are expected to be the same as
Alternative A, assuming the application of the Live Bottom (Pinnacle Trend) Stipulation (which is a
required mitigation as a result of the Five-Year Program’s Record of Decision), and continuation of
expected mitigation practices. BOEM'’s mitigation practices would limit the potential impacts as a
result of routine activities to negligible levels and would limit impacts from reasonably foreseeable
accidental events to the range of negligible to minor. The OCS oil- and gas-related cumulative
impacts of a proposed lease sale under Alternative B would be negligible to minor for a single
proposed lease sale (the incremental contribution) and negligible to minor for the overall ongoing
OCS oil and gas program.

However, absent the expected mitigations, the impacts resulting from both routine activities
and accidental events of a proposed lease sale could be greater, with overall population-level
impacts ranging from minor to moderate (in a theoretical, if improbable, worst-case scenario). This
impact-level range is lower than the potential minor to major level impact range that would be
possible (absent mitigations) under Alternative A. This difference is due to the reduced area
available for new leasing under Alternative B, which would somewhat limit the number of potentially
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affected pinnacle and low-relief feature communities (including concentrations of such communities
in the South Texas Banks) and increase the likelihood of eventual recovery to pre-impact levels,
should impacts occur. However, it is believed that existing mitigation practices would continue to be
applied to the proposed activities under all action alternatives.

The incremental cumulative impacts of proposed OCS oil- and gas-related activities of a
single proposed lease sale under Alternative B would still add only a negligible to minor
contribution to the overall cumulative impact, which includes the relatively greater influence of
non-OCS cumulative impacts occurring throughout the GOM over the 50-year analysis period.

4.6.2.2.7 Alternative C—Regionwide OCS Proposed Lease Sale Excluding Available
Unleased Blocks in the CPA/EPA Portions of the Proposed Lease Sale Area

Under Alternative C, BOEM would hold a lease sale excluding the CPA/EPA available
unleased blocks and would only offer all available unleased blocks in the WPA. Alternative C would
not fundamentally alter the conclusions reached under Alternative A, but it would reduce the
potential impacts of a proposed lease sale of the available unleased CPA/EPA blocks, including
known high concentrations of pinnacle and low-relief feature communities in the Pinnacle Trend
blocks and other portions of the northeastern CPA (Figure 4-17). The impacts from proposed
activities to the communities would remain the same in leased portions of the WPA. Impacts
resulting from accidental events should remain relatively localized, with the number of features
affected being directly proportional to the size of the accident. An accident along the CPA/WPA
border has the possibility to impact features in either planning area. Live bottom communities are
found throughout the GOM, not just in the CPA/EPA, and therefore, the impacts associated with
Alternative C could still potentially cause some population-level effects.

At the regional, population-level scope of this analysis over the next 50 years, the potential
impacts to pinnacle and low-relief feature communties as a result of the activities proposed under
Alternative C are expected to be slightly reduced from the impact levels detailed in Alternatives A
and B because such a large proportion of the Gulfwide population of pinnacle and low-relief feature
communities are found within the CPA, especially within the Pinnacle Trend region. Therefore, the
population would not be subjected to the same degree of potential accidental impacts theorized
above, and the reduced theoretical impact would also increase the likelihood of eventual population
recovery to pre-impact levels. BOEM’s mitigation practices would further limit the potential impacts
in leased areas. Under Alternative C, both routine activities and foreseeable accidental events are
estimated to result in only negligible levels. The OCS oil- and gas-related impacts of a proposed
lease sale under Alternative C would therefore be negligible for a single proposed lease sale (the
incremental contribution) and negligible to minor for the overall ongoing OCS oil and gas program.
Should Alternative C be selected for multiple subsequent proposed lease sales in the future,
however, impacts from the cumulative OCS Oil and Gas Program could eventually be reduced to
negligible as overall OCS oil- and gas-related activity in the CPA would begin to appreciably decline
over time.
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Absent these expected mitigations, the impacts resulting from routine activities and
accidental events of a proposed lease sale could be greater, with overall population-level impacts
ranging from negligible to minor for routine activities and from negligible to minor (in a theoretical,
if improbable, worst-case scenario) for accidental events. These impact-level ranges are less than
the potential impact-level ranges that would be possible (absent mitigations) under Alternatives A
and B. This difference is due to the reduced area available for new leasing under Alternative C,
which would somewhat limit the number of potentially affected pinnacle and low-relief feature
communities (including large concentrations of known communities in the Pinnacle Trend blocks and
other portions of the northeastern CPA) and increase the likelihood of eventual population recovery
to pre-impact levels. However, the existing mitigation practices are now a required mitigation as a
result of the Five-Year Program’s Record of Decision and would continue to be applied to the
proposed activities under all action alternatives, reducing the expected level of OCS oil- and
gas-related impacts.

The incremental cumulative impacts of proposed OCS oil- and gas-related activities of a
single proposed lease sale under Alternative C would likely add only a negligible contribution to the
overall cumulative impact, which includes the relatively greater influence of non-OCS cumulative
impacts occurring throughout the GOM over the 50-year analysis period.

4.6.2.2.8 Alternative D—Alternative A, B, or C, with the Option to Exclude Available
Unleased Blocks Subject to the Topographic Features, Live Bottom (Pinnacle
Trend), and/or Blocks South of Baldwin County, Alabama, Stipulations

Under Alternative D, BOEM could hold a lease sale excluding leasing on any and/or all
blocks subject to the Topographic Features, Live Bottom (Pinnacle Trend), and Blocks South of
Baldwin County, Alabama, Stipulations. Known pinnacle and low-relieft features in the Pinnacle
Trend area would be further protected by the increased distancing of OCS oil- and gas-related
activities. An accidental spill could still reach some Pinnacle Trend features, but if so, it is expected
that oil from such a spill would be more dispersed and diluted due to it having to travel the additional
distance across the areas not offered for lease.

Impacts resulting from accidental events should remain relatively localized, with the number
of features affected being directly proportional to the size and location of the accident. An accident
along the border of available unleased blocks subject to the Topographic Features and Live Bottom
(Pinnacle Trend) Stipulations still has the possibility to impact features within those unleased blocks.
Live bottom communities are found throughout the GOM, not just in the blocks subject to the
Topographic Features and Live Bottom (Pinnacle Trend) Stipulations, and therefore, the impacts
associated with Alternative D could still potentially cause some population-level effects. The
exclusion of blocks subject to the Blocks South of Baldwin County, Alabama, Stipulations is not
expected to change the impacts to pinnacles and/or low-relief features because of the small number
of these blocks and their distance from known pinnacle and low-relief features.
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At the regional, population-level scope of this analysis over the next 50 years, the potential
impacts to pinnacle and low-relief feature communties as a result of the activities proposed under
Alternative D are expected to be slightly reduced from the impact levels detailed in Alternatives A
and B because such a large proportion of the Gulfwide population of pinnacle and low-relief feature
communities are found within the CPA, especially within the Pinnacle Trend region. There are also
a fair number of pinnacle and low-relief features within blocks subject to the Topographic Features
Stipulation (specifically on the peripheral flanks of some of the much larger topographic features).
Therefore, the Gulfwide population of pinnacle and low-relief feature communities would not be
subjected to the same degree of potential accidental impacts theorized above for Alternatives A
and B, and the reduced theoretical impact would also increase the likelihood of eventual population
recovery to pre-impact levels. BOEM'’s mitigation practices would further limit the potential impacts
in leased areas. Under Alternative D, both routine activities and foreseeable accidental events are
estimated to result in only negligible levels. The OCS oil- and gas-related impacts of a proposed
lease sale under Alternative D would therefore be negligible for a single proposed lease sale (the
incremental contribution) and negligible to minor for the overall ongoing OCS oil and gas program.
Should Alternative D be selected for multiple subsequent proposed lease sales in the future,
however, impacts from the cumulative OCS QOil and Gas Program could eventually be reduced to
negligible as overall OCS oil- and gas-related activity in the CPA would begin to appreciably decline
over time. Absent these mitigations, the impacts resulting from routine activities and accidental
events of a proposed lease sale under Alternative D could be greater. The overall population-level
impact could range from negligible to minor for routine activities and from negligible to minor (in a
theoretical, if improbable, worst-case scenario) for accidental events. This impact level is less than
the potential major level impact that would be possible (absent mitigations) under Alternative A.
These impact-level ranges are less than the potential impact-level range that would be possible
(absent mitigations) under Alternatives A and B. This difference is due to the reduced area available
for new leasing under Alternative D, which would limit the number of potentially affected pinnacle
and low-relief feature communities (including large concentrations of known communities in the
Pinnacle Trend blocks) and increase the likelihood of eventual population recovery to pre-impact
levels. However, it is believed that existing mitigation practices would continue to be applied to the
proposed activities under all action alternatives, reducing the expected level of OCS oil- and
gas-related impacts.

The incremental cumulative impacts of proposed OCS oil- and gas-related activities of a
single proposed lease sale under Alternative D would likely add only a negligible contribution to the
overall cumulative impact, which includes the relatively greater influence of non-OCS cumulative
impacts occurring throughout the GOM over the 50-year analysis period.

4.6.2.2.9 Alternative E—No Action

Under Alternative E, a proposed lease sale would be cancelled. Therefore, the potential for
impacts would be none because new impacts to pinnacle and low-relief feature communities related
to the cancelled lease sale would be avoided entirely. Continuing impacts to the communities would
be limited to existing impacts resulting from routine activities and accidental events, and cumulative
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impacts associated with previous OCS lease sales. BOEM'’s current Live Bottom Stipulation and
mitigation practices already regulate these activities and should continue to limit associated new
impacts to the negligible level.

Ongoing non-OCS oil- and gas-related activities are difficult to accurately estimate since the
spatial and temporal characteristics of some factors are rapidly changing, and necessary baseline
information is still being collected; however, at present, these non-OCS oil- and gas-related activities
are having minor to moderate cumulative impacts on live bottom communities. These could
potentially become greater for some species, even rising to major over the next 50 years, should
current trends of these factors continue or worsen, regardless of whether or not a proposed lease
sale would be held.

4.7 FISHES AND INVERTEBRATE RESOURCES

Fish and invertebrate resources of the GOM comprise a large and diverse group of species
(Felder et al., 2009). The distribution of fishes and invertebrates vary widely and species may be
associated with different habitats at various life stages. This analysis highlights behaviors and
habitat preferences, but it does not attempt to provide a comprehensive list of all potentially
impacted fauna. For purposes of this analysis, habitat preferences can be divided into three broad
categories: estuarine; coastal; and oceanic. Exposure to specific impact-producing factors
generated by OCS oil- and gas-related routine activities and accidental events can vary among
these categories. Coastal and oceanic resources are further broken into benthic and pelagic zones
to address differences in potential exposure to impact-producing factors within a given habitat
category. Ichthyoplankton bridges all three categories. Egg and larval stages of most fishes and
invertebrates can be found in the upper layer of the water column, exposing these species’ early life
stages to similar impact-producing factors. For these reasons, the description of the affected
environment for fish and invertebrate resources is broken into estuarine, coastal, and oceanic
habitats, with ichthyoplankton being treated separately due to the potentially broader distribution of
egg and larval lifestages across these habitats. A brief discussion of the federally managed species
is provided at the end of the “Description of the Affected Environment” below (Chapter 4.7.1).

A full analysis of the “Environmental Consequences” is presented in Chapter 4.7.2.
Analyses of the specific alternatives do not restate the full analysis of the impact-producing factors
potentially affecting fishes and invertebrate resources; the analyses identify the potential impacts as
a result of routine activities, accidental events, and cumulative impacts. This avoids excessive
replication of the discussion of similar if not identical impacts for each alternative.

Preliminary analysis of routine OCS oil- and gas-related activities and reasonably
foreseeable accidental events identified eight impact-producing factors with the potential to affect
marine fishes and invertebrates and/or their habitat. Many OCS oil- and gas-related activities affect
the environment similarly. For example, vessel traffic, exploratory drilling, geophysical activities, and
offshore construction all produce sound. The impact-producing factor, “anthropogenic sound,” was
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analyzed taking all sound-producing OCS activities into consideration. The following are impact-
producing factors that were considered and analyzed in this resource analysis:

e anthropogenic sound (Chapter 3.3.2.7);
e bottom-disturbing activity (Chapter 3.1.3.3.2);
e habitat modification; and

o oil spills (Chapter 3.2.1).

Two of the eight impact-producing factors that were considered for fishes and invertebrate
resources were determined to be insignificant under all reasonably foreseeable circumstances due
to the limited exposure and/or response expected for fish and invertebrate resources and are,
therefore, not analyzed in this chapter. These impact-producing factors are entrainment (Chapter
3.1.5.1.6) and offshore lighting (Chapter 3.1.3.4.3). A Joint Industry Biological Baseline Study was
completed for USEPA Region 6 in June 2009 (LGL Ecological Research Associates, Inc., 2009), and
an industry-wide cooling water intake structure entrainment monitoring study, approved by USEPA
Region 6, was completed in 2014 (CSA and LGL Ecological Research Associates, Inc., 2014). The
results of these two studies support BOEM’s finding that entrainment is insignificant as an impact-
producing factor for the purpose of this analysis. Analyses of two additional impact-producing
factors that could potentially impact resources ecologically important to fishes and invertebrates
were addressed in earlier chapters. Discussions of onshore construction and use of coastal support
infrastructure (Chapter 4.3, Coastal Habitats) and regulated discharges (Chapters 3.1.5 and 4.2,
Water Quality) were found to sufficiently address the potential for adverse impacts to fish and
invertebrate habitats and are not duplicated in this chapter.

Analysis of potential impacts considered the estimated scale of source activities and used
the best available science to evaluate how specific impact-producing factors could affect resources
within the expected environment. Cumulative impacts (Chapter 4.7.2.3) were analyzed for OCS oil-
and gas-related activities and for other sources that could affect fishes and invertebrates (e.g.,
coastal development, commercial shipping, fisheries, and environmental). Because of the diversity
of fishes and invertebrates, detailed criteria for potential impact levels are not reasonable.

Impact-Level Definitions

For this analysis, the potential impact-level criteria can be described in terms of population-
level effects.

e Negligible — localized and temporary impacts that are expected to be
indistinguishable from natural variations in population distribution and
abundance.

e Minor — localized and temporary impacts that are expected to be

indistinguishable from natural variations in population distribution and
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abundance. Community-level variations may be locally detectable, such as
species mix and relative abundance following the removal of OCS oil- and gas-
related infrastructure.

e Moderate — Impacts would be expected to exceed natural variations in
population abundance or distribution, but not result in a long-term decline.

e Major — Impacts would be expected to exceed natural variations and inherently
result in a long-term decline in populations.

Though two protected fish species (Gulf sturgeon [Acipenser oxyrhynchus desotoi] and
smalltooth sawfish [Pristis pectinata]) are found near the area of interest, they inhabit and have
critical habitat in onshore waters. A third protected species, Nassau grouper (Epinephalus striatus),
has been documented as a transient or rarely occuring species in the area of interest. These
species are not considered to be impacted by a proposed action because they are found away from
activities that could cause an impact. The impact-producing factors analyzed and the impact-level
conclusions reached from the analysis in this chapter are presented in Table 4-15 to help the reader
quickly identify the level of potential impacts for each relevant impact-producing factor. The
analyses supporting these conclusions are then discussed in detail after a description of the relevant
affected environment for fish and invertebrate resources in the GOM.

Table 4-15. Fish and Invertebrate Resources Impact-Producing Factors That Are Reasonably
Foreseeable.

Fish and
Invertebrate Magnitude of Potential Impact1
Resources
Impa;::tél(::’trggucmg Alternative A Alternative B Alternative C | Alternative D | Alternative E
Routine Impacts
Anthropogenic Minor Minor Minor Minor None
Sound
Bottom-Disturbing - - - -
Activity Negligible Negligible Negligible Negligible None
Habitat Negligible to Negligible to Negligible to | Negligible to N
Modification Minor Minor Minor Minor one
Accidental Impacts
Oil Spills Negligible Negligible Negligible Negligible None
Cumulative Impacts
Incremental . . : :
Contribution? Minor Minor Minor Minor None
OCS Oil and Gas®
Anthropogenic :
Sound Minor
Bottom-Disturbing -
Activity Negligible
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Fish and
Invertebrate Magnitude of Potential Impact1
Resources
Impa;::tél(::’trggucmg Alternative A Alternative B Alternative C | Alternative D | Alternative E
Habitat Negligible to
Modification Moderate
Non-OCS Oil and Gas*
Anthropogenic Moderate
Sound
Fisheri Negligible to
Isheries Moderate
Habitat Minor
Modification

' The analysis supporting these conclusions is discussed in detail in the “Environmental Consequences”
chapter below.

% This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) as a result of a single proposed lease sale in the 2017-2022 Five-Year Program.

® This includes all activities (i.e., routine activities projected to occur and accidental events that could
occur) from past, proposed, and future lease sales.

* This includes other past, present, and reasonably foreseeable future activities occurring within the same
geographic range and within the same timeframes as a proposed action, but they are not related to the
OCS QOil and Gas Program.

4.7.1 Description of the Affected Environment

The ecological factors influencing the distribution of fish and invertebrate species include
salinity, temperature, depth, primary productivity, and bottom type. These factors vary widely across
the Gulf of Mexico and between inshore and offshore waters. Fish and invertebrate resources are
associated with the various environments and are not randomly distributed. High densities of fish
and invertebrate resources can be associated with particular habitat types; for detailed habitat
information, distribution, potential impacts, and mitigations, refer to Chapters 4.3 (Coastal Habitats),
4.4 (Deepwater Benthic Communities), 4.5 (Sargassum and Associated Communities), and 4.6 (Live
Bottom Habitats), and to the Essential Fish Habitat Assessment white paper (USDOI, BOEM,
2016d). Because wide variations in habitat usage can occur throughout a species’ life history,
potential impacts have been analyzed in three broad habitat categories (i.e., estuarine, coastal, and
oceanic) and one life history category (i.e., ichthyoplankton). These categories are not divided by
fixed boundaries but by generalized conditions and characteristics typical of the habitat where a fish
or invertebrate may spend the bulk of its life, although individuals are likely to use multiple habitat
types and/or move frequently through different areas of the water-column, including surface waters.

Estuarine

Estuaries are typically semi-enclosed areas where marine saltwater is diluted by freshwater
and where salinity may vary widely from day to day. The freshwater input (e.g., bayou, stream, or
river) delivers sediment and nutrients that result in turbid, productive environments. Estuaries
include many important habitat types (e.g., wetlands, seagrasses, and mudflats) and are frequently
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areas with high biomass. However, these environments can also have high energetic costs for
resident organisms due to the fluctuating conditions. Many of the fishes and invertebrates found in
mid- or near-shelf waters are dependent on or opportunistically make use of estuaries at some point
in their life cycle. For example, estuaries provide nursery habitat for Gulf menhaden (Brevoortia
patronus), spotted sea trout (Cynoscion nebulosus), blue crab (Callinectes sapidus), brown shrimp
(Farfantepenaeus aztecus), and gag (Mycteroperca microlepis). The eastern oyster (Crassostrea
viginica) is an example of a species that both benefits from the environmental conditions in estuarine
habitat and serves as an important substrate. Bull sharks (Carcharhinus leucas) opportunistically
make use of estuarine habitat and are common in estuaries and coastal waters. Estuaries may be
subject to extreme tidal exchange, strong currents, water-column stratification, and/or rapid
fluctuations in dissolved oxygen.

Coastal

Coastal waters are defined here as those waters extending from the shoreline seaward over
the continental shelf. These waters are enriched by organic material exported from the estuaries
and rivers of the GOM and support the greatest biomass of the three categories. Many species in
the coastal waters of the GOM exploit the entire water column; the following subcategories are used
to distinguish between zones in which species are predominantly found.

Coastal Pelagics

Pelagic fishes are primarily found in waters associated with neither the shore nor the
seafloor. Commercial fishery landings are one of the best sources of information for coastal pelagic
fishes because these species are an important component of regional fisheries. Coastal pelagic
species traverse shelf waters of the region throughout the year. Major coastal pelagic families
occurring in the region include

e Carcarhinidae (requiem sharks),

o Elopidae (ladyfish),

e Engraulidae (anchovies),

e Clupeidae (herrings),

e Scombridae (mackerels and tunas),

e Carangidae (jacks and scads),

o Mugilidae (mullets),

¢ Pomatomidae (bluefish), and

e Rachycentridae (cobia).

The distribution of most species depends upon water-column characteristics that vary
spatiotemporally. Coastal pelagic species with an affinity for vertical structure are often observed
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around topographic features and offshore platforms, where they are best classified as transients
rather than resident fishes. Spawning typically occurs over the mid- or inner-continental shelf, eggs
and larvae are pelagic, and juveniles are common in estuaries and coastal waters. Coastal pelagic
fishes can be divided into two general groups: large predatory species (e.g., Spanish mackerel,
cobia, and coastal sharks); and smaller, omnivorous and herbivorous species, such as Gulf
menhaden and striped mullet (Mugil cephalus). Members of both groups may form large schools.
The predatory species typically undergo migrations, grow rapidly, mature early, and exhibit the ability
to produce a large number of eggs, while the latter group includes many estuarine-dependent
species that are frequently preyed upon by members of the first group. These fishes are ecologically
important to energy transfer in the nearshore environment and, in many cases, are subject to
significant fishing pressure. Large schools of squid (e.g., Doryteuthis pealeii and Lolliguncula brevis)
can also be found over the continental shelf, and many less well-known cephalopods inhabit the
GOM, ranging from nearshore waters to oceanic waters (Voss and Brakoneicki, 1985; Felder et al.,
2009).

Coastal Demersal

Most of the benthic habitat in the northern GOM can be described as low-relief soft bottom
habitat (i.e., mud, clay, and sand). Demersal fish and benthic invertebrates live and forage at the
seafloor. White shrimp (Litopenaeus setiferus), hardhead catfish (Arius felis), Atlantic croaker
(Micropogonias undulatus), and cownose rays (Rhinoptera bonasus) are common to inshore soft
bottom habitat. Over the inner- and mid-shelf, and in association with deeper topographic features,
red snapper (Lutjanus campechanus) provide an example of an opportunistic fish. This species
feeds on the bottom and throughout the water column. Older and larger fish inhabit open bottom
and habitat with vertical structure, whereas young adults tend to recruit to habitat with vertical
structure (Gallaway et al., 2009). Scattered low-relief hard bottom features and several significant
higher relief features are located on the shelf. Thirteen banks have been identified by the Gulf of
Mexico Fisheries Management Council (GMFMC) as being important features in the northwestern
GOM, and these banks are designated as habitat areas of particular concern (HAPCs). More
information on HAPCs is available in the Essential Fish Habitat Assessment white paper (USDOI,
BOEM, 2016d). Where hard bottom occurs, demersal species and opportunistic reef fish species
more commonly associated with the mid- or inner-shelf may also be found. Species particularly
adapted for deeper hard bottom areas include snowy grouper (Epinephelus niveatus), yellowedge
grouper (Epinephelus flavolimbatus), and gag. Outer shelf demersal assemblages (approximately
656- to 984-ft [200- to 300-m] water depth) might include three-eye flounder (Ancylopsetta dilecta),
deepbody boarfish (Antigonia capros), and armored searobins (Peristedion miniatum).

Oceanic

For purposes of this impact analysis, oceanic waters are generally defined as those waters
seaward of the continental shelf, although oceanographic features and storms can cause these
waters to intrude over the mid- or inner-shelf. Information on the distribution and abundance of
oceanic species comes from commercial longline catches, recreational fishing surveys, and
relatively few independent research efforts. Pelagic fishes occur throughout the water column in the
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open ocean. Within this vast habitat, water-column structure (i.e., temperature, salinity, and
turbidity) is the primary means of partitioning for analyses. In general, pelagic fishes recognize
different watermasses based upon physical and biological characteristics. The following
subcategories are used to distinguish among assemblages based on predominant depth inhabited:
epipelagic — extends from the surface to a depth of 656 ft (200 m); mesopelagic — extends from
656 to 3,281 ft (200 to 1,000 m); and bathypelagic — includes depths greater than 3,281 ft (1,000 m).
The demersal category is also included and encompasses those species associated with the deep
seafloor.

Epipelagic

Oceanic epipelagic species occur throughout the GOM, especially at or beyond the shelf
edge. Epipelagics are reportedly associated with mesoscale hydrographic features such as fronts,
eddies, and discontinuities. Many of the oceanic fishes also associate with drifting Sargassum,
which provides forage areas and/or nursery refugia (Chapter 4.5, Sargassum and Associated
Communities). Common fishes in this zone include halfbeaks and flying fishes (Exocoetidae), and
early life stage driftfishes (Ariommatidae). Several well-known large predators are also epipelagic
species, including bluefin tuna (Thunnus thynnus), swordfish (Xiphias gladius), dolphinfish
(Coryphaena hippurus), wahoo (Acanthocybium solanderi), and shortfin mako (Isurus oxyrinchus).
The lower section of this epipelagic zone has a distinct fauna, consisting of the poorly known
oarfishes and its relatives, in addition to fishes with great depth ranges such as tunas (Scombridae)
and swordfishes (Xiphiidae) (McEachran and Fechhelm, 1998). Adult driftfishes are generally found
at depths bridging the lower epipelagic and upper mesopelagic zones.

Mesopelagics

The mesopelagic realm is below the photic zone and below the permanent thermocline.
Mesopelagic fish assemblages in the GOM are numerically dominated by myctophids
(lanternfishes), with gonostomatids (bristiemouths) and sternoptychids (hachetfishes) common but
less abundant in collections. These fishes make extensive vertical migrations during the night from
mesopelagic depths (200-1,000 m; 656-3,281 ft) to feed in higher, food rich layers of the water
column (McEachran and Fechhelm, 1998). Mesopelagic fishes are ecologically important because
they transfer substantial amounts of energy between mesopelagic and epipelagic zones over each
diel cycle.

Bathypelagics

The deeper dwelling bathypelagic fishes inhabit the water column at depths >1,000 m
(3,281 ft) and seldom migrate into shallower waters. This zone receives no sunlight and
temperatures range from 4 °C to 10 °C (39 °F to 50 °F). Numerous species of gonostomatids
(bristtemouths or lightfishes) and scaleless black dragonfishes (Melanostomiidae) are found in the
bathypelagic of the GOM. Like mesopelagic fishes, most species are capable of producing and
emitting light (bioluminescence) to aid in communication in an environment devoid of sunlight
(Snyder, 2000).
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Demersal

Three major deep-sea studies have collected demersal fish throughout the depth range of
the GOM'’s continental slope between the 1960’s and as recently as 2003. The families Macrouridae
(grenadiers or rattails), Ophidiidae (cuskeels), and Alepocephalidae (slickheads) dominated the
samples (Rowe and Kennicutt, 2009). Analysis of the data suggested an upper slope assemblage
between 1,033 and 2,575 ft (315 and 785 m), a mid-slope assemblage between 2,251 and 4,491 ft
(686 and 1,369 m), and a deep assemblage between 5,030 and 10,089 ft (1,533 and 3,075 m)
(Rowe and Kennicutt, 2009). Shelf edge and upper slope species include tilefish (Lopholatilus
chamaeleonticeps) and snowy grouper (Epinephelus niveatus).

Ichthyoplankton

Most fishes inhabiting the GOM, whether benthic or pelagic as adults, have pelagic larval
stages. For the duration of this stage, these eggs and larvae become part of the planktonic
community. Variability in survival and transport of pelagic larval stages is thought to be an important
determinant of future year-class strength in adult populations of fishes and invertebrates
(Underwood and Fairweather, 1989; Doherty and Fowler, 1994). In general, the distribution of fish
larvae depends on the spawning behavior of adults, hydrographic structure and transport at a variety
of scales, duration of the pelagic period, behavior of larvae, larval mortality, and growth (Leis, 1991).
Larval fishes are highly dependent on zooplankton until they can feed on larger prey.

Two important hydrographic features in the GOM are the Mississippi River discharge plume
and the Loop Current. Combined with wind regimes in the region, these features strongly influence
the transport and distribution of pelagic eggs and larvae. Water from the Mississippi River exits from
several passes, delivering approximately one-third its volume to the Mississippi-Alabama shelf and
two-thirds to the Texas-Louisiana shelf. The convergence and mixing of this many plumes is
associated with continually reforming turbidity fronts and an accumulation of larvae at the plume
boundary (Wiseman and Sturges, 1999). Planktonic eggs and larvae also become concentrated at
the frontal boundaries of the Loop Current, shed rings, and gyres. Entrained Sargassum provides
nursery habitat and refuge for many of these early life stage fish, and upwelling at the edges of the
Loop Current and rings delivers nutrient-enriched waters to the surface, increasing primary
production. Frontal waters of both the river plume and eddy boundaries provide feeding and growth
opportunities for larvae.

Managed Species

For purposes of this analysis, managed species are those identified in a fishery management
plan by a regional fishery management council or as a federally managed species. These species
are subject to monitoring and management regulations. Fish species currently managed in the GOM
are listed in Table D-1 of the Essential Fish Habitat Assessment white paper (USDOI, BOEM,
2016d). Detailed descriptions of species abundance, life histories, and habitat associations for all
life history stages are presented in the “Generic Amendment for Essential Fish Habitat” by the
GMFMC (1998) and updated in the “Essential Fish Habitat Generic Amendment 3” (GMFMC, 2005).
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Information on federally managed species and EFH is provided in the Consolidated Atlantic Highly
Migratory Species Fishery Management Plan and amendments. These fishes and invertebrates are
included in the preceding categories and are considered in the respective analyses for impacts
below. Increased susceptibility to potential impacts as a result of fishing pressures will be discussed
in the “Cumulative Impacts” section below.

4.7.2 Environmental Consequences

This chapter provides detailed information regarding the impact-producing factors from
routine activities, accidental events, and cumulative impacts described in Chapter 3 and their
potential effects on fish and invertebrate resources that would potentially result from a proposed
action or the alternatives. This analysis applies to all considered alternatives. While the WPA is a
smaller area with less projected activity than is proposed for the CPA/EPA (refer to Chapter 3), the
distribution of fishes and invertebrate species is nonrandom and species are associated with habitat
preferences. However, within the Gulf of Mexico, distribution of species may generally be even
throughout their range of habitat within the planning areas. As such, the potential for impacts to
populations is independent of the planning area(s) analyzed. Differences in the specific populations
potentially exposed to impact-producing factors and the potential impacts may be more easily
estimated as specific sites and activities become known. Therefore, because of the diversity and
distribution of species in the Area of Interest, the level of impacts would be the same for Alternatives
A, B, C, and D. However, Alternative E would have no impacts as a proposed action would not be
implemented; therefore, the only impacts would be those associated with the continuing effects from
past lease sales and non-OCS oil- and gas-related activities. Following this environmental
consequences chapter, there will be a summary of the potential impacts as they relate to the action
alternatives.

4.7.2.1 Routine Activities

Routine OCS oil- and gas-related activities that take place on the OCS as a result of a
proposed action and that produce sound, disturb the seafloor, or otherwise modify the habitat, could
impact fish and invertebrate resources. A full list of impact-producing factors and scenarios for
routine activities can be found in Chapter 3.1.

Anthropogenic Sound

Natural background noise in a marine environment is the result of physical processes (i.e.,
wind, wave action, tidal movement, and geological activity) and bioacoustic signals (Wysocki and
Ladich, 2005; Hildebrand, 2009; Radford et al., 2010; Ladich, 2013). Acoustic signaling in the
marine environment is extremely efficient, so marine species have evolved several mechanisms for
producing and receiving sound. Important sound-mediated behaviors can include spawning
aggregations, larval settlement, territorial disputes, and predator-prey detection (Radford et al., 2010
and 2014; Slabbekoorn et al., 2010). Despite the growing body of information on fishes, there is
comparatively little information available on sound detection and sound-mediated behaviors for
marine invertebrates (Mooney et al., 2012; Normandeau Associates, 2012; de Soto et al., 2013;
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Popper et al., 2014; Samson et al., 2014). The diversity of marine fishes and invertebrates suggests
the small number of studied species may not be representative of the full range of auditory sensory
mechanisms and hearing capabilities. Therefore, caution was used in extrapolating potential
impacts to fishes and invertebrate resources from documented behavioral responses and
physiological impacts resulting from exposure to anthropogenic sound sources. For purposes of this
analysis, it was deemed reasonable to use observed results as an indication of the types of impacts
that may occur as a result of expected discrete and cumulative exposures to anthropogenic sound
produced by routine OCS oil- and gas-related activities.

All routine OCS oil- and gas-related activities have some element of sound generation.
Common sound sources include propeller cavitation, rotating machinery, and reciprocating
machinery, which are associated with routine OCS oil- and gas-related activities such as vessel
traffic, drilling, construction, and oil and gas production, processing, and transport. Sound
introduced into the marine environment as a result of human activities has the potential to affect
marine organisms by stimulating behavioral response, masking biologically important signals,
causing temporary or permanent hearing loss (Popper et al., 2005; Popper et al., 2014), or causing
physiological injury (e.g., barotrauma) resulting in mortality (Popper and Hastings, 2009). The
potential for anthropogenic sound to affect any individual organism is dependent on the proximity to
the source, signal characteristics, received peak pressures relative to the static pressure, cumulative
sound exposure, species, motivation, and the receiver’s prior experience. In addition, environmental
conditions (e.g., temperature, water depth, and substrate) affect sound speed, propagation paths,
and attenuation, resulting in temporal and spatial variations in the received signal for organisms
throughout the ensonified area (Hildebrand, 2009).

Sound detection capabilities among fishes vary. All fishes are able to detect low-frequency
particle motion at short ranges by means of the otolith and lateral line organs (Popper et al., 2003).
Detection of the particle velocity and the ability to determine the position of the source is only
possible over distances of 1-2 body lengths, but it is important for orientation in flowing water and
maneuvering in close proximity to other organisms (Popper et al., 2014). Species with a swim
bladder and accessory structure close to or in contact with the inner ear have increased hearing
sensitivity and a wider range of detectable frequencies than do fishes with a swim bladder only or
fishes with no gas-filled structure (Popper et al., 2003). For most fish species, it is reasonable to
assume hearing sensitivity to frequencies below 500 Hertz (Hz) (Popper et al., 2003 and 2014;
Popper and Hastings, 2009; Slabbekoorn et al., 2010; Radford et al., 2014). Ambient noise may be
divided into three general frequency bands (i.e., low, medium, and high), each dominated by
different sound sources (Hildebrand, 2009). The band of greatest interest to this analysis, low-
frequency sound (30-500 Hz), has come to be dominated by anthropogenic sources and includes
the frequencies most likely to be detected by most fish species. For example, the noise generated
by large vessel ftraffic typically results from propeller cavitation and falls within 40-150 Hz
(Hildebrand, 2009; McKenna et al., 2012). This range is similar to that of fish vocalizations and
hearing, and could result in a masking effect.



Description of the Affected Environment and Impact Analysis 4-223

Masking occurs when background noise increases the threshold for a sound to be detected;
masking can be partial or complete. If detection thresholds are raised for biologically relevant
signals, there is a potential for increased predation, reduced foraging success, reduced reproductive
success, or other effects. However, fish hearing and sound production may be adapted to a noisy
environment (Wysocki and Ladich, 2005). There is evidence that fishes are able to efficiently
discriminate between signals, extracting important sounds from background noise (Popper et al.,
2003; Wysocki and Ladich, 2005). Sophisticated sound processing capabilities and filtering by the
sound sensing organs essentially narrows the band of masking frequencies, potentially decreasing
masking effects. In addition, the low-frequency sounds of interest propagate over very long
distances in deep water, but these frequencies are quickly lost in water depths between 2 and Vi the
wavelength (Ladich, 2013). This would suggest that the potential for a masking effect from low-
frequency noise on behaviors occurring in shallow coastal waters may be reduced by the receiver’s
distance from sound sources, such as busy ports or construction activities.

Pulsed sounds generated by OCS oil- and gas-related activities (e.g., impact-driven piles
and airguns) can potentially cause behavioral response, reduce hearing sensitivity, or result in
physiological injury to fishes and invertebrate resources. Impact pile-driving during OCS
construction and on-lease seismic activity are both temporally and spatially limited activities. The
effects of these sound-producing activities would extend only to communities of fishes and
invertebrates within a relatively small area. Benthic fishes and invertebrates could receive sound
waves propagated through the water and sound waves propagated through the substrate. However,
Wardle et al. (2001) found that, although fishes and invertebrates associated with a reef exhibited a
brief startle response when exposed to pulsed low-frequency signals, disruption of diurnal patterns
was not observed. Fishes disturbed by the noise were observed to resume their previous activity
within 1-2 seconds and only exhibited flight response if the airguns were visible when discharged
(Wardle et al.,, 2001). Other studies of fishes exposed to pulsed anthropogenic sound signals in
natural environments have produced a wide range of results suggesting that species, experience,
and motivation are very important factors, and indicating that habituation may occur (Engas et al.,
1996; Lgkkeborg et al., 2012; Popper et al., 2014). Organisms in close proximity to a pulsed sound
source are at increased risk of barotrauma. A signal with a very rapid rise and peak pressures that
vary substantially from the static pressure at the receiver’s location can cause physiological injury or
mortality (Popper et al., 2014). However, the range at which physiological injury may occur is short
(<10 m; <33 ft) and, given fish avoidance behavior, the potential for widespread impacts to
populations as a result of physiological injury is negligible.

Despite the importance of many sound-mediated behaviors and the potential biological costs
associated with behavioral response to anthropogenic sounds, many environmental and biological
factors limit potential exposure and the effects that OCS oil- and gas-related sounds have on fishes
and invertebrate resources. The overall impact to fishes and invertebrate resources due to
anthropogenic sound introduced into the marine environment by OCS oil- and gas-related routine
activities is expected to be minor.
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Bottom-Disturbing Activities

For the purpose of this analysis, bottom-disturbing activities are distinguished from habitat
modification by the relatively short period of time over which disturbances occur. Anchoring, drilling,
trenching, pipe-laying, and structure emplacement are examples of OCS oil- and gas-related
activities that disturb the seafloor. The specific activity, ocean currents, and water depth can affect
the extent of the water column and seafloor disturbance, and the magnitude of the effect. For
example, drilling an exploratory well produces approximately 2,000 metric tons (2,205 tons) of
combined drilling fluid and cuttings, though the total mass may vary widely for different wells (Neff,
2005). Cuttings discharged at the surface tend to disperse in the water column and are distributed
at low concentrations (CSA, 2004b). In deep water, cuttings discharged at the sea surface may
spread 3,280 ft (1,000 m) from the source, with the majority of the sediment deposited within 820 ft
(250 m) of the well (CSA, 2006). Driling mud plumes may be visible 0.6 mi (1 km) from the
discharge point, but the plumes rapidly become diluted (Shinn et al., 1980; Hudson et al., 1982; Neff,
2005). Cuttings shunted to the seafloor form piles concentrated within a smaller area than that
affected by sediments discharged at the sea surface (Neff, 2005). Emplacement of infrastructure
(i.e., pipelines, platforms, and subsea systems) can also displace large volumes of sediment,
resulting in increased turbidity and sedimentation (Chapter 3.1.3.3).

Turbidity and sedimentation resulting from routine OCS oil- and gas-related activities are
short term and have localized effects (Chapter 3.1.3.3.3). The potential impacts to fishes and
invertebrates (e.g., reduced feeding efficiency, decreased predator avoidance, and behavioral
responses) may be related to species-specific behaviors and habitat preference (Minello et al., 1987;
Benfield and Minello, 1996; Chesney et al., 2000; de Robertis et al., 2003; Jonsson et al., 2013; Lunt
and Smee, 2014). Mobile fishes and invertebrates are expected to avoid the heaviest sedimentation
and highest suspended sediment loads within 33 ft (10 m) of a disturbance. Icthyoplankton cannot
avoid sediment plumes at or near the surface and may be exposed for longer durations than adults.
However, evidence suggesting increased turbidity, which may reduce hatching success or delay
larval development, is limited, and other studies have shown larval foraging success and growth may
benefit from nutrient-rich plumes (Wenger et al.,, 2014; Gray et al.,, 2012). Coastal fishes and
invertebrate species adapted to turbid environments, such as shallow bays, estuaries, and coastal
habitat influenced by the Mississippi River plume, may be less affected by increased turbidity than
species typically inhabiting less turbid environments.

Due to a combination of the spatiotemporally limited nature of suspended sediment plumes
resulting from bottom-disturbing activities, avoidance behaviors, and a range of tolerances for
various environmental conditions, the overall impact to fishes and invertebrate resources as a result
of bottom disturbances associated with OCS oil- and gas-related routine activities is expected to be
negligible.

Habitat Modification

For purposes of this analysis, the installation of platforms, pipelines, and subsea systems, or
the construction of other facilities within a marine environment constitutes habitat modification.
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Although these structures are temporary (refer to Chapter 3.1.6, Decommissioning and Removal
Operations; Chapter 3.1.6.2, Artificial Reefs; and Chapter 3.3.2.1.2, Artificial Reefs, for more
information), the operational life is long term and may impact the distribution of species in an area
(Carr and Hixon, 1997; Gallaway et al., 2009; Shipp and Bortone, 2009). It is generally assumed
that artificial structures serve as both fish-attracting and production-enhancing devices, depending
upon the species (Carr and Hixon, 1997; Gallaway et al., 2009; Shipp and Bortone, 2009). The
resulting assemblages frequently include commercially and recreationally valuable coastal and
oceanic fishes. The well-known association with OCS oil- and gas-related structures attracts
fishermen targeting these species and may subject some fishes to locally increased fishing pressure
(Dance et al., 2011; Addis et al., 2013). However, infrastructure or pipeline removal also impacts
fishes and invertebrates associated with the substrate. Removal of the structure is necessary to
restore the seafloor to the original soft bottom habitat, but it would likely result in an altered
community as the restored site is recolonized. The removal of hard substrate may result in
community-level changes, such as an overall reduction in species diversity of epifaunal organisms,
fishes, and invertebrates (Schroeder and Love, 2004).

Fish mortality can occur as a result of decommissioning operations using explosive
severance methods; however, a study of the associated mortality for three commercially important
fishes indicated that the level of explosive severance activity in the GOM did not significantly alter
stock assessments (Gitschlag et al., 2001). To account for inherent variations in species
composition and abundance among platforms (e.g., Stanley and Wilson, 1997; Gitschlag et al.,
2001; Stanley and Wilson, 2000; Wilson et al., 2003), mortality estimates were doubled and stock
estimates were recalculated. Although the study was limited and cannot be directly applied to all
species or habitats, it is reasonable to assume that other represented fish populations would
respond similarly. Impacts to sessile benthic organisms (e.g., barnacles and bivalves) and many
mobile invertebrates (e.g., shrimp and crabs) that do not possess swim bladders are expected to be
minimal (Keevin and Hempen, 1997; Schroeder and Love, 2004) because it is typically the rapid
expansion and contraction of gas-filled spaces in response to pressure changes that results in the
greatest physiological injury. Larvae and small juvenile fishes have been found to be more
susceptible to injury from shock waves than large juveniles or adults (Govoni et al., 2008). At the
projected rate of removal, these activities are not expected to have a substantial negative impact on
stocks of managed fishes or other fishes and invertebrates associated with OCS oil- and gas-related
infrastructure.

Some structures may be converted to artificial reefs. If portions of a platform were permitted
to be reefed in place, the hard substrate and encrusting communities would remain part of the
benthic habitat. The diversity of the community would change due to the reduced presence in the
water column, but some associated fish species would be expected to continue use of the structure.
Structures removed and redeployed as artificial reef substrate at another location may support
substantially different communities, depending on the environmental characteristics of the reef site
and other factors. The plugging of wells and other decommissioning activities that disturb the
seafloor would impact benthic communities as discussed above.
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Some ichthyoplankton studies have been conducted, focusing specifically on the influence of
offshore platforms. The first of these projects investigated the potential role of platforms as nursery
habitat for larvae or refugia for postlarval and juvenile fish (Hernandez et al., 2001). A follow-up
study by Shaw et al. (2002) used data collected at several platforms both east and west of the
Mississippi River Delta to examine the significance of platforms to larval and juvenile fishes. Both
Hernandez et al. (2001) and Shaw et al. (2002) found highest taxonomic richness and diversity at
mid-shelf platforms. Results indicated the distribution of larval and juvenile life stages is influenced
by across-shelf gradients of increasing depth, similar to the distribution of adult fishes. Differences
observed in the abundance of certain taxa in larval and juvenile fish assemblages across longitudinal
gradients may reflect differences in the hydrographic conditions and/or habitat availability (Shaw
et al., 2002). These results indicate the predominant factors influencing the distribution of larvae and
juvenile life stages are environmental conditions and the distribution of adult conspecifics.
Therefore, emplacement and/or removal of OCS oil- and gas-related infrastructure as the result of a
proposed action is expected to have a negligible impact on the distribution or abundance of
ichthyoplankton.

Although fish and invertebrate resources may be affected by habitat modifications due to
routine OCS oil- and gas-related activities, there is no evidence suggesting that population-level
impacts would occur as a result of a proposed activity. Due to the localized nature of the effects and
limited number of structure installations and removals anticipated, impacts to fishes and invertebrate
resources as a result of routine OCS oil- and gas-related activities are expected to range from
negligible for most species to minor for species most commonly associated with OCS oil- and gas-
related platforms (e.g., sharpnose puffer [Canthigaster rostrate], gray triggerfish [Balistes capriscus],
great barracuda [Sphyraena barracuda], and red snapper).

4.7.2.2 Accidental Events

Accidental events resulting in a release of oil or other contaminants (“spills”) could adversely
affect fish and invertebrate resources. Although an unlikely occurrence, a subsea loss of well control
would also suspend large amounts of sediment. For the reasons stated above (“Bottom-Disturbing
Activities”), the potential effects of suspended sediments would be negligible. This section will
address the potential effects to fishes and invertebrate resources resulting from direct and indirect
exposure to spilled oil. Oil spills, historic trends, the characteristics of oil, and factors affecting the
fate of oil released into the marine environment are discussed in Chapter 3.2.1, and the potential
effects on water quality are analyzed in Chapter 4.2 (Water Quality).

The effects of spills in open waters of the OCS proximate to mobile adult fishes would likely
be sublethal; potential effects would be reduced because adult fish have the ability to avoid adverse
conditions, metabolize hydrocarbons, and excrete metabolites and parent compounds. However,
dispersal and emulsification of spilled oil can increase bioavailability to fishes and invertebrates
throughout the water column. Some filter feeders, such as Gulf menhaden, may have an increased
risk of exposure due to the likelihood of ingesting high levels of dispersed oil. Increased
contaminant exposure could result in a higher incidence of chronic sublethal impacts (Millemann
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etal., 2015). Similarly, adsorption of oil to suspended particulate matter and subsequent
sedimentation increases the potential for chronic exposure of demersal fishes and benthic
invertebrates to oil (Murawski et al., 2014; Baguley et al., 2015; Snyder et al., 2015). Long-term
impacts to fish and invertebrate populations in the GOM have not been identified, but studies
suggest short-term impacts, including increased metabolic costs, immunosuppression, and
histological lesions (Carls et al., 1998; Brewton et al., 2013). As a result of these effects, fithess and
productivity of affected individuals may be decreased.

Oil floating on the surface could directly contact ichthyoplankton found at or near the surface,
coating eggs and larvae. Most ichthyoplankton would be unable to avoid spills and the affected
individuals may be at risk of death, delayed development, abnormalities, endocrine disruption, or
other effects, resulting in decreased fitness and reduced survival rates (Incardona et al., 2014;
Mager et al., 2014; Brown-Peterson et al., 2015; Snyder et al., 2015). In general, early life stages
are more sensitive to acute oil exposure than adults, but some research indicates that embryos,
depending on the developmental stage, may be less sensitive to acute exposure than larval stages
(Fucik et al., 1995). Spills reaching estuarine habitat or overlapping spatiotemporally with a
spawning event have the greatest potential for affecting the early life stages of fishes and
invertebrates.

Effects from an accidental event would be expected to be localized; accidental spills have
historically been small and are low-probability events (Tables 3-12 and 3-17). Most fishes and
invertebrates in the GOM are broadly distributed throughout one or more regions of the GOM and,
typically, only a small portion of a population would be impacted (McEachran, 2009). Studies
indicate that the impacts of previous accidental spills have not resulted in population-level effects
(Fodrie and Heck, 2011; Moody et al., 2013; Rooker et al., 2013; Murawski et al., 2014; Fry and
Anderson, 2014). However, long-term impacts could be masked by many factors (e.g., natural
population variability, natural and anthropogenic disturbances, and compensatory processes) and
may not be observed for several years (Fodrie et al., 2014). Therefore, the overall impact to fishes
and invertebrate resources due to reasonably foreseeable accidental spills resulting from routine
OCS oil- and gas-related activities is expected to be negligible.

4.7.2.3 Cumulative Impacts

The OCS oil- and gas-related activities resulting from a lease sale are assumed to occur
over a period of 50 years. However, available information is insufficient to conduct an analysis of
impact-producing factors potentially affecting fish and invertebrate resources over the same period.
The unknown influence of changing environmental, biological, and anthropogenic factors over such
an extended period could exceed that of analyzed impact-producing factors. Therefore, this section
assumes an analysis of reasonably foreseeable cumulative impacts to encompass a period of
approximately 20 years. This cumulative analysis considers the effects on fishes and invertebrate
resources of the Gulf of Mexico as a result of the OCS Program, State oil and gas activity,
recreational and commercial fishing (Chapters 4.11 and 4.10, respectively), and habitat availability.
The incremental impact of a single proposed lease sale combines the effects of the associated
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routine activities and accidental events described in Chapters 4.7.2.1 and 4.7.2.2, respectively. The
expected incremental contributions (Table 4-15) are incorporated into this cumulative analysis.
Potential degradation of specific habitats is analyzed in Chapters 4.3 (Coastal Habitats),
4.4 (Deepwater Benthic Communities), 4.5 (Sargassum and Associated Communities), and 4.6 (Live
Bottom Habitats). The direct and/or indirect impacts from cumulative OCS oil- and gas-related and
non-OCS oil- and gas-related activities on essential fish habitat are considered and summarized in
the Essential Fish Habitat Assessment white paper (USDOI, BOEM, 2016d).

OCS QOil- and Gas-Related Impacts

As discussed in the analysis of routine activities, OCS oil- and gas-related activities produce
some level of anthropogenic sound, though signal characteristics vary widely. Geological and
geophysical surveys, construction of new facilities, and decommissioning are episodic acoustic
events and do not contribute to long-term changes in the soundscape. The OCS oil- and gas-related
support vessel ftraffic, drilling, production facilites, and other sources of continuous sounds
contribute to a chronic increase in background noise, with varying areas of effect that may be
influenced by the sound level, frequencies, and environmental factors (Hildebrand, 2009;
Slabbekoorn et al., 2010; McKenna et al., 2012). These sources have a low potential for causing
physiological injury or injuring hearing in fishes and invertebrates (Popper et al., 2014). However,
continuous sounds have an increased potential for masking biologically relevant sounds than do
pulsed signals. The potential effects of masking on fishes and invertebrates is difficult to assess in
the natural setting for communities and populations of species, but evidence indicates that the
increase to background noise as a result of the OCS Program would be relatively minor. Therefore,
it is expected that the cumulative impact to fishes and invertebrate resources in the GOM would be
minor and would not extend beyond localized disturbances or behavioral modification. The
incremental impact of a single proposed lease sale would be minor.

Sediment suspended by bottom-disturbing activities settles rapidly to the seafloor. Impacts
from individual events are temporary, highly localized, and expected to impact small nhumbers of
organisms. In nearshore and estuarine waters, the effects of temporarily increased turbidity would
be indistinguishable from background conditions. Bottom-disturbing activities in outer-shelf and
oceanic waters may temporarily affect fishes and invertebrates in the water column or bury sessile
benthic organisms near the disturbance. The cumulative contribution to adverse impacts on these
resources would be negligible due to the transient nature of the disturbance and the limited area
affected. The incremental impact of a single proposed lease sale would be negligible.

Cumulative habitat modification as a result of OCS oil- and gas-related activities is spatially
extensive and long term in nature. It has been hypothesized that the network of OCS oil- and gas-
related infrastructure has resulted in changes in the distribution of some species (Shipp and Bortone,
2009; Gallaway et al., 2009). However, the total contribution of OCS oil- and gas-related
infrastructure to hard substrate in the Gulf is small and is projected to decrease throughout the
period covered by this analysis (Gallaway et al., 2009). Exceptions to the removal requirement may
be permitted under specific circumstances; for more information, refer to Chapters 3.1.6.2 (Artificial
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Reefs) and 3.3.2.1.2 (Artificial Reefs). The cumulative impact of OCS oil- and gas-related habitat
modification on fishes and invertebrate resources may be extensive for some species; therefore,
cumulative impacts may range from negligible for most species to moderate for those species
associated with OCS oil- and gas-related platforms (i.e., distribution and abundance may vary from
historical values). The incremental impact of a single lease sale would be negligible to minor.

Non-OCS Oil- and Gas-Related Activities

Commercial shipping is the greatest anthropogenic source of low-frequency sound in the
marine environment and, combined with many other sources (e.g., State oil- and gas-related
activities, coastal construction, and recreational boating), contributes to increased background noise
levels (Hildebrand, 2009; McKenna et al., 2012; Hawkins et al., 2014). As a result of increasing
background noise, fishes and invertebrates may modify behaviors and biologically relevant sounds
could be masked, but the effects are difficult to assess in the natural setting. Marine organisms
evolved in a noisy environment and available information suggests that at least some fishes and
invertebrates may have the capacity to adapt to increasing noise levels (Wardle et al., 2001;
Wysocki and Ladich, 2005; Purser and Radford, 2011; Radford et al., 2014). However, even
organisms adapted to increasing background noise could incur consequences from remaining in an
environment continuously exposed to sound energy from anthropogenic sources. Potential effects
would vary among species and across a range of environmental factors but may include reduced
hatching rates, delayed development, or decreased reproductive potential (Slabbekoorn et al., 2010;
Hawkins et al., 2014). The overall contribution of non-OCS oil- and gas-related anthropogenic
sound sources to increasing background noise levels in the marine environment is expected to
moderately impact fishes and invertebrate resources because increased background noise levels
affect broad areas and can be reasonably assumed to have limited population-level impacts, but
they would not be expected to result in a long-term decline in population.

The NMFS is responsible for implementing fisheries regulations and managing commercial
and recreational fisheries, with advice from the regional fisheries management councils.
Commercial and recreational fishing have been a factor in the decline of several fish populations in
the GOM (Shipp, 1999; USDOC, NMFS, 2015a; NRC, 2014). Although several stocks are rebuilding
or have been rebuilt, certain fishing practices and overfishing can have long-term effects on target
species and the ecosystem. For example, the structure of a rebuilt stock may differ from historic
demographics, resulting in a less resilient population, or habitat could be altered such that species
diversity and abundance are affected (Wells et al., 2008; NRC, 2014; Pusceddu et al., 2014; Secor
et al., 2014). The cumulative impact of long-term, large-scale fisheries activity on fishes and
invertebrate resources in the GOM is not known, but NMFS has determined that assessed fish
stocks are predominantly healthy (USDOC, NMFS, 2015a). Thus, it is expected that impacts to
fishes and invertebrate resources as a result of commercial and recreational fisheries would range
from negligible for most nontargeted species to moderate for species that are overfished or
experiencing overfishing (e.g., hogfish spp., gray triggerfish, and greater amber jack [Seriola
dumerili]).
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The conversion or modification of wetlands as a result of agricultural, residential, and
commercial development in the GOM has been substantial (USEPA, 2012b; Greene et al., 2014).
The trend for coastal development is projected to continue into the future, although at a slower rate
because of regulatory pressures (refer to Chapter 4.3, Coastal Habitats, for detailed information on
these habitats, potential impacts, and mitigations). The conversion of habitat from one form to
another (e.g., wetlands to open water) would typically result in community-level changes in
biodiversity and abundance compared with communities in unmodified habitat (Lowe and Peterson,
2014; USDOC, NMFS, 2010a). Although changes to habitat may benefit some species while
adversely impacting others, it is generally accepted that the quality (i.e., the ecological services
provided) of modified habitat is not equivalent to natural habitat (Peterson and Lowe, 2009;
Scyphers et al., 2015). Therefore, the continued loss or modification of wetlands could ultimately
result in decreased recruitment for some estuarine-dependent species, adversely impacting stocks
within the region (Levin and Stunz, 2005; Jordan et al., 2012). The current lack of a meaningful
baseline makes it extremely difficult to estimate cumulative impacts to fishes and invertebrate
resources at a regional scale. However, coastal zone management efforts increasingly incorporate
the responses of fishes and invertebrates into analyses of development activities (Peterson and
Lowe, 2009; Greene et al., 2014). The Federal, State, and local agencies jointly responsible for
managing estuarine habitats, permitting development, and mitigating impacts ensure that
sustainable development practices are implemented. Therefore, the cumulative adverse impact of
coastal development on fishes and invertebrate resources is expected to be minor.

Additional pressures potentially contributing to cumulative effects on fishes and invertebrate
resources in the GOM include increasing invasive species populations and climate change. These
factors are currently negligible but could have increasingly substantial impacts in the future. Invasive
species, such as the lionfish, have the potential to out-compete and displace some indigenous
species of ecological, commercial, and/or recreational importance (Morris and Akin, 2009; Dahl and
Patterson, 2014; Raymond et al., 2014). Although severe weather events are part of the natural
environment and are not considered in an analysis of impact-producing factors, changing conditions
that alter the frequency and/or severity of weather events or that accelerate sea-level rise could
impact fishes and invertebrate resources in an unforeseen manner. A review of climate change is
presented in Chapter 4.2.1 of the Five-Year Program EIS (USDOI, BOEM, 2016b).

The cumulative effect of combined past, present, and reasonably foreseeable future OCS oil-
and gas-related activities and non-OCS oil- and gas-related activities on fishes and invertebrate
resources of the Gulf of Mexico is expected to vary spatiotemporally. The incremental contribution
of OCS oil- and gas-related activities to the combined cumulative impacts is generally minor in
comparison with all other human activities affecting the resources. Impacts to fish and invertebrate
populations are expected to be in proportion to the fraction of a population exposed to an impact-
producing factor. Therefore, OCS oil- and gas-related habitat modification is likely to have a greater
impact than other oil- and gas-related impact-producing factors of a more limited scale and duration.
However, impacts are not universally adverse and some habitat modification may benefit particular
species or communities. Commercial and recreational fishing are expected to have the greatest
direct impact on fishes and invertebrate resources. Although NMFS manages fisheries, populations
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are affected by many biological and environmental factors. Fluctuations in populations of fisheries-
affected species are expected. Increased background noise levels due to anthropogenic sources,
such as commercial shipping, are also likely to affect deep waters of the GOM (Hildebrand, 2009).
Although the effects are currently unknown, no impacts to fish and invertebrate populations in the
GOM have been quantified. International efforts to develop and implement ship-quieting
technologies may mitigate future increases in shipping capacity. As a result of these impact-
producing factors, the overall cumulative impact on fishes and invertebrate resources may range
from minor to moderate for different species throughout the period analyzed.

4.7.2.4 Incomplete or Unavailable Information

BOEM identified incomplete or unavailable information related to impacts to fishes and
invertebrate resources resulting from OCS oil- and gas-related activities and non-OCS oil- and
gas-related activities in the GOM. Anthropogenic sound and habitat modification directly or indirectly
affect large areas of the GOM and potentially impact thousands of species. However, the response
of individuals, groups of conspecifics (members of the same species), and communities are highly
variable and inconsistent. In addition, BOEM recognizes that there is incomplete information with
respect to potential long-term effects resulting from exposure to spilled oil. Although additional
information on these impact-producing factors may be relevant to the evaluation of impacts to fishes
and invertebrate resources, BOEM has determined that the incomplete information is not essential to
a reasoned choice among alternatives. Analyses of routine activities, accidental events, and
cumulative impacts drew upon the most current and best available research to assess the potential
effects on many species and habitats. The findings collectively indicate that impacts are likely, but
limited, and are not expected to induce a population-level response. BOEM recognizes the potential
that populations with spatially limited distributions or increased sensitivity to an impact-producing
factor may be more severely impacted than current research suggests. However, sufficient data to
conduct a thorough assessment of all potentially affected species are not available or obtainable
within the timeline contemplated in the NEPA analysis of this Multisale EIS. BOEM used the best
available science to determine the range of reasonably foreseeable impacts and applied accepted
scientific methodologies to integrate existing information and extrapolate potential outcomes in
completing this analysis and formulating the conclusions presented here.

47.25 Alternatives A, B, C,and D

With respect to fishes and invertebrate resources, the effects associated with selection of
any of the proposed action alternatives would be equivalent because of the diversity and distribution
of fish and invertebrate species throughout the potential area of interest. The preceding analyses
assumed a nonrandom distribution of species (i.e., distribution is associated with habitat preference
and habitat availability) and considered impacts to fishes and invertebrate resources occurring in a
wide range of habitats across all planning areas. While the WPA is a smaller area with less
projected activity than is proposed for the CPA/EPA (refer to Chapter 3), the distribution of fishes
and invertebrate species is nonrandom and generally even throughout their range of habitat within
the planning areas. As such, the potential for impacts to populations is independent of the planning
area(s) analyzed. Differences in the specific populations potentially exposed to impact-producing
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factors and the potential impacts may be more easily estimated as specific sites and activities
become known. Therefore, at a planning area scale, it is expected that a similar mix of species
would be exposed to the analyzed impact-producing factors, regardless of the specific action
alternative selected. The analysis of routine activities and accidental events indicates that the
incremental contribution to the overall cumulative impacts on fishes and invertebrate resources as a
result of a single proposed lease sale would be minor. The activities proposed under Alternatives A,
B, C, and D would directly impact fishes and invertebrate resources within the GOM and would
contribute incrementally to the cumulative effects on these resources. Routine activities, excluding
infrastructure emplacement, would be expected to have short-term and/or localized effects. The
installation of OCS oil- and gas-related infrastructure constitutes a long-term modification of the local
habitat. Individually, these modifications have small-scale (e.g., community-level) effects on the
distribution and abundance of species; cumulatively, OCS oil- and gas-related infrastructure is
hypothesized to have moderately impacted the distribution of some fishes and invertebrates,
exceeding natural variations. Although this effect is not necessarily adverse and infrastructure is
expected to be decommissioned and sites restored to natural habitat, the cumulative impact over the
life of the OCS Program is spatiotemporally extensive with species-specific effects. Accidental spills
are considered low-probability events, but they have the potential to produce localized impacts on
fishes and invertebrate resources if coinciding with a spawning event. Mobile adults are expected to
avoid adverse conditions, limiting exposure to spilled oil. The cumulative, long-term effects of
exposure to oil are unknown, but available information suggests that the effects have been minor.
The cumulative effects of habitat loss and increasing background noise levels are unknown, but the
OCS oil- and gas-related contribution is small, relative to non-OCS oil- and gas-related impact-
producing factors. Therefore, the analysis of routine OCS oil- and gas-related activities, accidental
events, and the cumulative impacts of OCS oil- and gas-related and non-OCS oil- and gas-related
activities indicates the expected overall impact to fishes and invertebrate resources, depending upon
the IPF and the affected species, would range from negligible to moderate for the period analyzed.
For example, muds and cuttings discharged at the surface for a well drilled at a water depth of
5,000-ft (1,524 m) would have a negligible impact on coastal species, such as menhaden, whereas a
small spill in coastal waters and subsequent response activities could disrupt a spawning event or
temporarily displace coastal fishes from the affected area (minor). Moderate impacts would only be
expected if impact-producing factors affected habitat or populations to an extent that would be
expected to exceed natural variations in population abundance or distribution but not result in a long-
term decline.

4.7.2.6 Alternative E—No Action

Under Alternative E impacts on fishes and invertebrate resources within the Gulf of Mexico
would be none. However, cumulative impacts would be unchanged from the conclusions reached
for the other alternatives.

4.8 BIRDS

The analyses of the potential impacts of routine activities and accidental events associated
with a GOM proposed action and a proposed action’s incremental contribution to the cumulative
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impacts to coastal and migratory birds are presented in this chapter. The approach of the analysis is
to focus on the potential impact-producing factors from OCS oil- and gas-related routine activities
(i.e., exploration, development, and production), as well as accidental events and cumulative
impacts, and to define the impact levels for each impact-producing factor. The impact-producing
factors considered and analyzed include discharges and wastes, noise, platform severance with
explosives, geophysical surveys with airguns, platform presence and lighting, emergency air
emissions, platform or pipeline oil spills, spill response, oil- and gas-related activities in State waters,
the hypoxic “dead zone” of the Mississippi River, net coastal wetland gain or loss, urbanization, a
large tanker spill, military activities, recreation, boat traffic, impacts on bird habitat, collisions with
vehicles and buildings, predation by domestic cats, commercial fishing, climate change, and wetland
subsidence. The potential magnitude of impact for each of these impact-producing factors is
provided in Table 4-16 to help the reader quickly identify the level of potential impacts for each
impact-producing factor. The impact-level definitions and the analyses supporting these conclusions
are then discussed in detail in this chapter.

Impact-producing factors considered but not analyzed include obstruction lighting, which is
under the jurisdiction of the USCG. Other impact-producing factors that were not analyzed because
they do not apply to birds include geological ancillary activities, all onshore infrastructure
emplacement and presence, offshore platform emplacement, other commissioning activities, and
onshore waste disposal.

Seven species found in the area of interest are listed under the ESA, and BOEM has initiated
formal consultation with FW S for those species. Those species have life histories that are similar to
those of the birds covered in this chapter, but the cumulative impact could be greater. BOEM
recognizes this, consults on these species, and requires mitigations that would decrease the
potential for greater impacts due to small population size. For more information on the listed bird
species, refer to Chapter 4.9.4 (Protected Birds).

Table 4-16. Birds Impact-Producing Factors That Are Reasonably Foreseeable.

Birds Magnitude of Potential Impact1
Impalizstr:gucmg Alternative A | Alternative B | Alternative C | Alternative D | Alternative E
Routine Impacts

\E/’V'Z‘;?:gges and Negligible Negligible Negligible Negligible None
OCS Oil- and Gas-

Related Noise and Negligible Negligible Negligible Negligible None
Disturbance

Platforlm Severance Minor Minor Minor Minor None
and Rigs-to-Reefs

G_eophyswal Surveys Minor Minor Minor Minor None
with Airguns

Platform Eresence Minor Minor Minor Minor None
and Lighting
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Birds Magnitude of Potential Impact1
Impalizstr:gucmg Alternative A Alternative B Alternative C | Alternative D | Alternative E
Accidental Impacts
Oil Spills Moderate Moderate Moderate Moderate None
Oil-Spill Response Minor Minor Minor Minor None
Emgrg_ency Air Minor Minor Minor Minor None
Emissions
Cumulative Impacts
Increr_nen_t al 2 Moderate Moderate Moderate Moderate None
Contribution
OCS Oil and Gas® Moderate
Non-OCS Oil and :
Gas’ Major

' The analysis supporting these conclusions are discussed in detail in the “Environmental Consequences”
chapter below. Moderate impact levels could be possible but only if a large oil spill were to occur.

% This impact level is the incremental contribution of a single proposed lease sale to all cumulative
impacts in the GOM.

® This impact level is the cumulative impacts of all past, present, and reasonably forseeable OCS oil- and
gas-related activities in the GOM.

* This impact level is the cumulative impacts of all past, present, and reasonably foreseeable activities in
the GOM.

Impact-Level Definitions

Two concepts important in the impact-level definitions below are populations and population
sizes. In ecology, a population is often defined as a group of individuals with similar genes (i.e.,
species and subspecies). Such a population lives in one or more natural geographic areas where its
habitats are located. Human-made areas (e.g., the planning areas) are also important to the
analysis. Natural areas overlap with the planning areas. Bird species described in this chapter are
considered to have large populations and to be widely distributed. Flock size and population,
mentioned below in the impact-level definitions, have ranges of impacts that can vary by bird
species. Examples of flock sizes and population sizes are given in the “Description of the Affected
Environment” chapter. Abundance, as used in this chapter, means the number or biomass (total
weight) of a particular species in a general area (this definition is taken from Krebs [2009]). Chronic,
as used in this chapter, means of indefinitely high frequency or of indefinitely long duration.

The impact-level definitions for birds are as follows:

o Negligible — Impacts would not affect a substantial abundance of birds. Impacts
would especially not affect species with low abundances prior to impacts.
Estimates of continued population viability, including predicted annual rates of
recruitment or survival, would not change. Any impacts would be acute and
reversible. Further, no injury to or mortality of a small number of individuals or a
small flock would occur.



Description of the Affected Environment and Impact Analysis 4-235

e Minor — Impacts would not affect a substantial abundance of birds. Impacts
would especially not affect species with low abundances prior to impacts.
Estimates of continued population viability, including predicted annual rates of
recruitment or survival, would not change. Additionally, one or both of the two
following conditions must be met: (1) small numbers of individuals or small flocks
of birds would experience chronic impact-producing factors and would be
chronically disturbed or affected, resulting in chronic but reversible behavioral
changes; and/or (2) one or more incidents would occur where small numbers of
individuals or small flocks of birds would experience injury or mortality, but with
no measurable impact on a population.

e Moderate — Impacts would affect a substantial abundance of birds. Estimates of
continued population viability, including predicted annual rates of recruitment or
survival, would not change. Additionally, one or both of the two following
conditions must be met: (1) a large flock of birds (e.g., a shorebird flock of 500 or
1,000 birds) would experience chronic impact-producing factors and would be
chronically disturbed or affected, resulting in chronic behavioral changes or
mortality over time; and/or (2) one or more incidents would occur where
substantial numbers of individuals, including large flocks, would experience
chronic behavior changes or mortality that would affect a large flock but with no
measurable impact on a population.

e Major — Impacts would affect a substantial abundance of birds. Estimates of
continued population viability, including predicted annual rates of recruitment or
survival, would change. Additionally, one or both of the two following conditions
must be met: (1) At least one large population of birds would have a reduction in
the estimates of continued population viability, including predicted annual rates of
mortality, recruitment or survival, some or all of which would seriously decline
(causing sublethal impacts to be irreversible); and/or (2) one or more incidents
would occur where at least one large population would experience chronic
behavior changes or mortality that would affect a large population and with
measurable impact on a population.

4.8.1 Description of the Affected Environment

This description of birds focuses on the factors that control the relative vulnerability of
different bird groups to impacts. Passerines, or songbirds, represent many of the breeding and
wintering birds within the Gulf Coast States. They are only found offshore when migrating across the
Gulf of Mexico, and they cannot stop and rest or feed on the water. Some species of birds (some
seabirds) live primarily offshore except when breeding and, therefore, are rarely observed in the
nearshore environment. More information about seabirds is provided in the Five-Year Program EIS
(USDOI, BOEM, 2016b). The remaining species are found within coastal and inshore habitats and
may be more susceptible to potential deleterious effects resulting from OCS oil- and gas-related
activities because many of these species largely overlap spatially and temporally with OCS oil- and
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gas-related activities, because of their abundance or density, and because of the potential of spilled
oil impacting their habitat or food resources. A detailed analysis of the impacts to birds is presented
in the chapters below.

Feeding Habits

A bird’s feeding method is one of the important determinants of a bird’s habitat choice. Bird
species feed either in the water (aquatic feeders) or terrestrially. Aquatic bird species that feed by
wading include some shorebirds and other waders such as herons. Some species have
comparatively short legs and wade in relatively shallow water or walk on beaches to feed; other
species feed in somewhat deeper as well as shallow water and have longer legs. Shorebirds are
adapted to take advantage of tidally-influenced habitat. Their diurnal movements and habitat use
appears to be closely linked to tidal advances and recessions, i.e., lunar, solar, or wind-driven tides.
Shorebirds and other wading species feed on invertebrates and fish. Aquatic bird species, including
some ducks, may feed by dabbling at the water surface. Many aquatic bird species, including some
ducks and many seabirds, feed by diving into the water from the air or water surface for either plant
or animal food. Some seabirds aggregate at patches of floating macroalgae Sargassum to feed or
rest, at least in tropical waters (Haney, 1986). A list of examples of marine and coastal birds can be
found in the Five-Year Program EIS (USDOI, BOEM, 2016b).

Oil from reasonably foreseeable spills is not expected to be very commonly encountered by
birds.  Still, birds are a relatively vulnerable resource because feeding habits may result in
encounters between birds and OCS oil- and gas-related activity. For example, waders feed in
shallow water, which is important because oil from previous spills that happened to reach the
sediment may accumulate in the sediment, where birds may encounter it. Diving birds can
encounter an oil slick either if they begin their dive in the air and pass across the water surface or if
they begin their dive floating on the water surface. Birds may feed and roost in the water or at or
near the water’s edge, where they may be impacted by an oil spill. Marsh birds feed in or at the
water’s edge of marshes, where oil may accumulate in the sediment. Also, platforms may represent
profitable foraging areas for seabirds, raptors, and potentially passerines (Wiese et al., 2001;
Russell, 2005). More information about raptors and passerines is provided in the Five-Year Program
EIS (USDOI, BOEM, 2016b).

Habitat

The open Gulf (including blue water [off the continental shelf], shelf, and inshore open water)
is used by terrestrial birds (including passerines), shorebirds, long-legged wading birds, and raptors
for trans-Gulf migration (Russell, 2005). More information on shorebirds is provided in the Five-Year
Program EIS (USDOI, BOEM, 2016b). The open GOM is used by seabirds for feeding and roosting,
and some seabirds never come ashore in the Gulf of Mexico. Wetlands (consisting of trees, shrubs,
marshes, and/or unvegetated flats) (refer to Chapter 4.3, Coastal Habitats) are used by waterfowl,
shorebirds, long-legged wading birds, secretive marsh birds (e.g., rails), raptors, and terrestrial birds
(including passerines) for feeding, roosting, and/or nesting (Portnoy, 1978 and 1981; Hunter et al.,
2006; Brown et al.,, 2001; and North American Waterfowl Management Plan, 2004). More
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information on waterfowl is provided in the Five-Year Program EIS (USDOI, BOEM, 2016b).
Beaches and dunes are used by seabirds and shorebirds for feeding, roosting, and/or nesting
(Portnoy, 1978 and 1981; Hunter et al., 2006). Coastal forests are used by trans-Gulf migrant
terrestrial birds for feeding, roosting, and/or nesting. Several species breed along the coastline of
the Gulf of Mexico (where spilled oil may travel and persist) and, therefore, may be especially
vulnerable to the impacts of an oil spill. Previous surveys indicate that Louisiana, Texas, and Florida
are among the primary states in the southern and southeastern U.S. for both nesting colonies and
the total number of breeding coastal and marine birds (Portnoy, 1978 and 1981; Hunter et al., 2006).
All avian species show varying levels of fidelity to both breeding and wintering areas. The global
Important Bird Areas Program was developed by the National Audubon Society to identify and
conserve areas that are vital to birds and other biota. More information on the program is provided
in the Five-Year Program EIS (USDOI, BOEM, 2016b).

Population Ecology

The level of any impact to different species of birds depends on its population ecology,
including the age or life stages and sex that are impacted. For example, relevant population ecology
factors for seabirds includes delayed maturity, low reproductive potential, periodic nonbreeding, low
first-year survival, and small clutch size. These factors can make them the most vulnerable to
impacts. Relevant population ecology is not always available to explain oiling mortality from an oil
spill because the sex and life stage of recovered oiled birds is not always known or recorded. For
example, for the Deepwater Horizon explosion, oil spill, and response, only the species information
was available, not the age, life 