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4.2. PRoOPOSED CENTRAL PLANNING AREA LEASE SALES 227, 231, 235, 241,
AND 247

The first proposed CPA lease sale is Lease Sale 227, scheduled to be held in 2013. The proposed
CPA lease sale area encompasses about 63 million ac of the total CPA area of 66.45 million ac. This area
begins 3 nmi (3.5 mi; 5.6 km) offshore Louisiana, Mississippi, and Alabama, and extends seaward to the
limits of the United States’ jurisdiction (often the Exclusive Economic Zone) in water depths up to
approximately 3,346 m (10,978 ft) (Figure 1-1). As of May 2012, approximately 43.2 million ac of the
CPA sale area are currently unleased. A CPA proposed action would offer for lease all unleased blocks in
the CPA for oil and gas operations (Figure 1-1), with the following exceptions:

(1) whole and portions of blocks deferred by the Gulf of Mexico Energy Security Act of
2006;

(2) blocks that are beyond the United States Exclusive Economic Zone in the area known
as the northern portion of the Eastern Gap; and

(3) whole and partial blocks that lie within the 1.4 nautical mile buffer zone north of the
maritime boundary between the United States and Mexico.

Although the leasing of portions of the CPA and WPA (subareas or blocks) can be deferred during a
Five-Year Program, DOI is conservative throughout the NEPA process and includes the total area within
the Gulf of Mexico for environmental evaluation.

Chapter 4.2 presents baseline data for the physical, biological, and socioeconomic resources that
would potentially be affected by a CPA proposed action or the alternatives, and it presents analyses of the
potential impacts of routine events, accidental events, and cumulative activities on these resources.
Baseline data are considered in the assessment of impacts from a proposed CPA lease sale on these
resources. Programmatic aspects of climate change relative to the environmental baseline for the Gulf of
Mexico OCS Program are discussed within each resource and in Appendix G.3.

The DWH event off the Louisiana coast resulted in the largest oil spill in U.S. history. Numerous
values have been used in describing the oil spill caused by the DWH event. According to The Federal
Interagency Solutions Group’s (2010) Oil Budget Calculator, approximately 4.9 MMbbl of oil were
released from the well. Of that volume, approximately 820,000 bbl were directly recovered via the riser
insertion tube tool and the Top Hat. As a result, approximately 4.1 MMbbl were released into the
environment over a period of 87 days. An event such as this has the potential to adversely affect multiple
resources over a large area. 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 initially be seen and some could take years to fully develop. The analyses of impacts from the
DWH event on the physical, biological, and socioeconomic resources below are based on post-DWH
credible scientific information that was publicly available at the time the document was prepared, applied
using accepted methodologies. The conservative approach would be to expect that impacts from a lease
sale may be greater than prior to the DWH event, although the magnitude of those impacts cannot yet be
fully determined. The BOEM will continue to monitor these resources for effects caused by the DWH
event.

Chapter 3.2.1 provides information on accidental spills that could result from all operations
conducted under the OCS Program, as well as information on the number and sizes of spills from non-
OCS sources. The number of spills >1,000 bbl and <1,000 bbl estimated to occur as a result of a CPA
proposed action is provided in Table 3-12. The mean number of spills estimated for a CPA proposed
action is <1-1 spill (>1,000 bbl). The probabilities of a spill >1,000 bbl occurring and contacting modeled
environmental resources are described in Chapter 3.2.1.5.7 and Figures 3-8 through 3-28.

The potential impacts of a low-probability, large oil-spill event, such as the DWH event, to the
environmental resources and socioeconomic conditions listed above are fully addressed in the
“Catastrophic Spill Event Analysis” (Appendix B). The reader is referred to Appendix B for the analysis
of a potential effect of a catastrophic event for each resource.

The following cumulative analyses consider impacts to physical, biological, and socioeconomic
resources that may result from the incremental impact of a proposed CPA lease sale when added to all
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past, present, and reasonably foreseeable future human activities, including non-OCS activities, as well as
all OCS activities (OCS Program). Environmental impacts of the cumulative case for the Gulf of Mexico
resources are found in the individual resource analyses in Chapters 4.1 and 4.2, and a summary for the
entire OCS Program is presented in Appendix G.2.

Non-OCS activities include, but are not limited to, import tankering; State oil and gas activity;
recreational, commercial, and military vessel traffic; offshore LNG activity; recreational and commercial
fishing; onshore development; and natural processes. The OCS Program scenario includes all activities
that are projected to occur from past, proposed, and future lease sales during the 40-year analysis period
(2012-2051). This includes projected activity from lease sales that have been held, but for which
exploration or development has not yet begun or is continuing.

Analytical Approach

The analyses of potential effects to the wide variety of physical, environmental, and socioeconomic
resources in the vast area of the GOM and adjacent coastal areas is very complex. Specialized education,
experience, and technical knowledge are required, as well as familiarity with the numerous impact-
producing factors associated with oil and gas activities and other activities that can cause cumulative
impacts in the area. Knowledge and practical working experience of major environmental laws and
regulations such as NEPA, the Clean Water Act, CAA, CZMA, ESA, MMPA, the Magnuson-Stevens
Fishery Conservation and Management Act, and others is also required.

In order to accomplish this task, BOEM has assembled a multidisciplinary staff with hundreds of
years of experience. The vast majority of this staff has advanced degrees with a high level of knowledge
related to the particular resources discussed in this chapter. This staff prepares the input to BOEM’s lease
sale EIS’s, a variety of subsequent postlease NEPA reviews, and are also involved with ESA, EFH, 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 our NEPA analyses. To date, since 1973, approximately $350 million has been spent on physical,
environmental, and socioeconomic studies in the Gulf of Mexico OCS Region. There are currently
89 ongoing studies in the Gulf of Mexico OCS Region, at a cost of about $48 million. A great deal of
baseline knowledge about the GOM and the potential effects of oil and gas activities are the direct result
of these studies. In addition to the studies staff, BOEM also has a Scientific Advisory Committee
consisting of recognized experts in a wide variety of disciplines. The Scientific Advisory Committee has
input to the development of the Environmental Studies Program on an ongoing basis.

For each lease sale EIS, a set of assumptions and a scenario are developed, and impact-producing
factors that could occur from routine oil and gas activities, as well as accidental events, are described.
This information is discussed in detail in Chapter 3. Using this information, the multidisciplinary staff
described above applies their knowledge and experience to conduct their analyses of the potential effects
of a CPA proposed lease sale.

The conclusions developed by the 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 expert
opinion and judgment of highly trained subject-matter experts. This staff approaches this effort in good
faith utilizing credible scientific information available since the Macondo spill and applied using accepted
methodologies. Where relevant information on reasonably foreseeable significant adverse impacts is
incomplete or unavailable, the need for the information was evaluated to determine if it was essential to a
reasoned choice among the alternatives, and if so, was either acquired or in the event it was impossible or
exorbitant to acquire the information, accepted scientific methodologies were applied in its place. This
approach is described in the next subsection on “Incomplete or Unavailable Information.”

Over the years, a suite of lease stipulations and mitigation measures has been developed to eliminate
or ameliorate potential environmental effects, where implemented. In many instances, these were
developed in coordination with other natural resource agencies such as NMFS and FWS. It must also be
emphasized that, in arriving at the overall conclusions for certain environmental resources (e.g., coastal
and marine birds, fisheries, and wetlands), the conclusions are not based on impacts to individuals, small
groups of animals, or small areas of habitat, but on impacts to the resources/populations as a whole.

The BOEM has made conscientious efforts to comply with the spirit and intent of NEPA, to avoid
being arbitrary and capricious in its analyses of potential environmental effects, and to use adaptive
management to respond to new developments related to the OCS Program.
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Incomplete or Unavailable Information

In the following analyses of physical, environmental, and socioeconomic resources, there are
references to incomplete or unavailable information, particularly in relation to the DWH event and the
associated oil spill. The subject-matter experts for each resource used what scientifically credible
information was publicly available at the time this EIS was written, and acquired, when possible, new
information. This new information is included in the description of the affected environment and impact
analyses throughout Chapter 4. Where necessary, the subject-matter experts extrapolated from existing
or new information, using accepted methodologies, to make reasoned estimates and developed
conclusions regarding the current CPA baseline for resource categories and expected impacts from a
proposed action given any baseline changes.

The most notable incomplete or unavailable information relates to the DWH event in the CPA.
Credible scientific data regarding the potential short-term and long-term impacts from the DWH event on
both CPA or WPA resources is becoming available but remains incomplete at this time, and it could be
many years before this information becomes available via the Natural Resource Damage Assessment
(NRDA) process, BOEM’s Environmental Studies Program, and numerous studies by academia.
Nonetheless, the 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.

It is important to note that, barring another catastrophic oil spill, which is a low-probability accidental
event, the adverse impacts associated with a CPA proposed lease sale are small, even in light of the DWH
event. This is because of BOEM’s lease sale stipulations and mitigations, site-specific mitigations that
become conditions of plan or permit approval at the postlease stage, and mitigations required by other
State and Federal agencies. Lease sale stipulations may include the Topographic Features Stipulation; the
Live Bottom Stipulation; the Military Areas Stipulation; the Evacuation Stipulation; the Coordination
Stipulation; the Blocks South of Baldwin County, Alabama, Stipulation; the Protected Species
Stipulation; the Law of the Sea Convention Royalty Payment Stipulation; the Below Seabed Operations
Stipulation; and the Transboundary Stipulation. Site-specific postlease mitigations may include buffer
zones and avoidance criteria to protect sensitive resources such as areas of live bottoms, topographic
features, chemosynthetic communities, deepwater corals, 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 reduce
or avoid impacts from OCS activities include boring under beach shorelines and the rerouting of pipelines
to reduce or eliminate impacts from OCS pipelines that make landfall.

For the following resources, the subject-matter experts determined that there is incomplete or
unavailable information that is relevant to reasonably foreseeable significant adverse impacts; however, it
is not essential to a reasoned choice among alternatives.

e Air Quality (Chapter 4.2.1.1)

e Water Quality (Coastal and Offshore) (Chapters 4.2.1.2.1 and 4.2.1.2.2,
respectively)

o Coastal Barrier Beaches and Associated Dunes (Chapter 4.2.1.3)
o Wetlands (Chapter 4.2.1.4)
e Sargassum Communities (Chapter 4.2.1.8)

e Chemosynthetic and Nonchemosynthetic Deepwater Benthic Communities (Chapters
4.2.1.9 and 4.2.1.10, respectively)

e Alabama, Choctawhatchee, St. Andrew, and Perdido Key Beach Mice (Chapter
4.2.1.15)

o Commercial Fisheries (Chapter 4.2.1.19)
o Recreational Resources (Chapter 4.2.1.20)
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o Archaeological Resources (Historic and Prehistoric) (Chapters 4.2.1.22.1 and
4.2.1.22.2, respectively)

e Land Use and Coastal Infrastructure (Chapter 4.2.1.23.1)
e Economic Factors (Chapter 4.2.1.23.3)
o Soft-Bottom Benthic Communities (Chapter 4.2.1.11)

For the following resources, the subject-matter experts determined that there is incomplete or
unavailable information that is relevant to reasonably foreseeable significant adverse impacts and may be
essential to a reasoned choice among alternatives. The subject-matter experts determined that, in many
instances, the cost of obtaining the information was exorbitant or that, regardless of cost, it could not be
obtained within the timeframe contemplated by this NEPA analysis. In place of the incomplete or
unavailable information, the subject-matter experts used what scientifically credible information was
available applied using accepted scientific methodologies.

e Seagrass Communities (Chapter 4.2.1.5)

e Live Bottoms (Pinnacle Trend and Low Relief) (Chapters 4.2.1.6.1 and 4.2.1.6.2,
respectively)

e Topographic Features (Chapter 4.2.1.7)

e Marine Mammals (Chapter 4.2.1.12)

e Sea Turtles (Chapter 4.2.1.13)

e Coastal and Marine Birds (Chapter 4.2.1.16)

e Gulf Sturgeon (Chapter 4.2.1.17)

e Fish Resources and Essential Fish Habitat (Chapter 4.2.1.18)
e Environmental Justice (Chapter 4.2.1.23.4)

o Diamondback Terrapins (Chapter 4.2.1.24)

This chapter has thoroughly examined the existing credible scientific evidence that is relevant to
evaluating the reasonably foreseeable significant adverse impacts of a CPA proposed lease sale on the
human environment. The subject-matter experts that prepared this EIS conducted a diligent search for
pertinent information, and BOEM'’s evaluation of such impacts is based upon theoretical approaches or
research methods generally accepted in the scientific community. All reasonably foreseeable impacts
were considered, including impacts that could have catastrophic consequences, even if their probability of
occurrence is low. 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 is essential, whether it can be obtained and whether the cost of obtaining the
information is exorbitant, as well as whether generally accepted scientific methodologies can be applied
in its place (40 CFR 1502.22).

4.2.1. Alternative A—The Proposed Action

4.2.1.1. Air Quality

The full analyses of the potential impacts of routine activities and accidental events associated with a
CPA proposed action and the proposed action’s incremental contribution to the cumulative impacts are
presented in this section. A brief summary of potential impacts follows. Emissions of pollutants into the
atmosphere from the routine activities associated with a CPA proposed action are projected to have
minimal impacts to onshore air quality because of the prevailing atmospheric conditions, emission
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heights, emission rates, and the distance of these emissions from the coastline; and the impacts of the
OCS emissions on the onshore air quality are expected to be well within the National Ambient Air
Quality Standards (NAAQS). While regulations are in place to reduce the risk of impacts from H,S and
while no H,S-related deaths have occurred on the OCS, accidents involving high concentrations of H,S
could result in deaths as well as environmental damage. These emissions from routine activities and
accidental events associated with a CPA proposed action are not expected to have concentrations that
would change onshore air quality classifications. The total impact from all onshore and offshore
emissions (such as roads, power generation, and industrial activities) would continue to significantly
affect the ozone nonattainment areas in southeast Texas and the parishes near Baton Rouge, Louisiana. A
CPA proposed action would have an insignificant contribution to ozone levels in the nonattainment areas
and would not interfere with the States’ schedule for compliance with the NAAQS.

4.2.1.1.1. Description of the Affected Environment

The Clean Air Act (CAA) established the NAAQS. The primary standards are to protect public
health, and the secondary standards are set to protect public welfare, such as visibility or to protect
vegetation, as shown in Table 4-1. The current NAAQS address six pollutants: carbon monoxide (CO),
lead, nitrogen dioxide (NO,), particulate matter (PM), ozone (O3), and sulfur dioxide (SO,) (Table 4-1).
Particulate material is presented as two categories according to size. Coarse particulate matter is between
2.5 um and 10 um (PMyp), and fine particulate matter is less than 2.5 um in size (PM,s). Under the CAA,
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 several years, as more is
understood about the effects of the pollutants.

Operations west of 87.5° W. longitude fall under BOEM jurisdiction for enforcement of the Clean Air
Act. The OCS waters east of 87.5° W. longitude are under the jurisdiction of USEPA. Figure 4-1
presents the air quality status in the Gulf Coast States as of 2010. The nonattainment areas for ozone are
shown in Figure 4-1. In May 2008, the new 8-hour ozone standard NAAQS of 0.075 ppm was
promulgated.

Effective December 17, 2006, USEPA revoked the annual PM;o standard and revised the 24-hour
PM, 5 from 65 pg/m® to 35 ug/m°. In early 2008, USEPA promulgated a new, more restrictive NAAQS
8-hour O3 standard of 0.075 ppm.

Although final summary information and reports on air quality impacts from the DWH event may be
forthcoming, USEPA, NOAA, and other agencies obtained and released to the public a large number of
air quality measurements indicating that air impacts tended to be minor and below USEPA’s health-based
standards. As there are no continuing sources of air pollution related to the DWH event, BOEM would
not expect any additional measurements or information to alter the conclusions from currently existing
data. As such, although there is incomplete or unavailable information on air quality impacts at this time
that may be relevant to reasonably foreseeable adverse impacts, this information is not essential to a
reasoned choice among alternatives.

Attainment Status

Air quality depends on multiple variables—the location and quantity of emissions; dispersion rates,
distances from receptors, and local meteorology. Meteorological conditions and topography may confine,
disperse, or distribute air pollutants in a variety of ways.

The Clean Air Act Amendments of 1990 (CAAA) established classification designations based on the
monitoring of ambient air quality. These designations determine dates by which the standard must be
attained through the implementation of emission control requirements. When measured concentrations of
regulated pollutants exceed the NAAQS, the area is designated nonattainment. The severity of the
nonattainment problem is determined by calculating the 3-year average of the highest measured ozone
concentration in each year. The CAAA established five classifications for ozone nonattainment areas—
marginal, moderate, serious, severe, and extreme.

There is no provision in the CAA for classification for the OCS. Only areas within State boundaries
are classified as either attainment, nonattainment, or unclassifiable.

Louisiana is in attainment for the pollutants CO, SO,, NO,, and PMyo. The O3 nonattainment parishes
in Louisiana are in the Baton Rouge area and include Ascension, East Baton Rouge, Iberville, Livingston,
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and West Baton Rouge Parishes (USEPA, 2011b). More recent monitoring data collected in the period
2006-2009 indicated that the Baton Rouge nonattainment area has not had any violations of the 8-hour
ozone standard. The State is in the process of submitting the needed information so that USEPA can
redesignate the area to attainment (Federal Register, 2010c). A steady decline in 0zone concentration
over the last two decades is a result of emission control measures to reduce ozone precursor emissions
(Louisiana Dept. of Environmental Quality, 2004). The average number of ozone exceedances in the area
has declined, as has the number of air-pollution monitors recording exceedances.

Alabama and Mississippi are in attainment for CO, SO,, NO,, PM and O3 (USEPA, 2011b).

The PSD Class | air quality areas, designated under the Clean Air Act, are afforded the greatest
degree of air quality protection and are protected by stringent air quality standards that allow for very
little deterioration of their air quality. On January 22, 2010, USEPA established a new 1-hour NAAQS
for NO, at 100 pr (approximately 189 ng/m?). The increments are the 2.5 pg/m® 3-hour mcrement for
NO,, a 5 pg/m® 24-hour increment and 2 pg/m® annual increment for SO, and an 8 pg/m® 24-hour
increment and 4 pg/m annual increment for PMi,. The PSD increments have been established for PM;s.
For a PSD Class | area, these are 1 pg/m® for the annual average and 2 pg/m?® for the 24-hour average.
The CPA includes the Breton National Wildlife Refuge and National Wilderness Area (BNWA) south of
Mississippi, which is designated as a PSD Class | area. The FWS has responsibility for protecting
wildlife, vegetation, visibility, and other sensitive resources called air-quality-related values in this area.
The FWS has expressed concern that the NO, and SO, increments for the BNWA have been consumed.
In addressing the FWS concern, this Agency has conducted a scientific study to determine the pollutant
increment status at BNWA. The results obtained from this study show that the maximum 3-hour,
24-hour, and annual SO, increments were not exceeded within the BNWA, but a portion of the increment
was consumed (Wheeler et al., 2008). Likewise, the maximum annual NO, increment was not exceeded
within the BNWA, but a portion of the increment was consumed.

The exact effect of the DWH event on the BNWA is not known because of the unavailability of air
quality data specific to the area. However, it is expected that the effect of the DWH event on the air
quality at the BNWA would be small since the air emissions from the DWH event were temporary
sources and all air quality data for other areas of the Gulf Coast remained below USEPA’s health-based
standards.

Jurisdiction

The responsibilities of BOEM are described in the OCSLA (43 U.S.C. 1334(a)(8)), which requires
the Secretary of the Interior to promulgate and administer regulations that comply with the NAAQS,
pursuant to the CAA (42 U.S.C. 7401 et seq.) and to the extent that activities authorized significantly
affect the air quality of any State. Section 328 of the 1990 Clean Air Act Amendments transferred
jurisdiction over emission sources on the OCS from DOI to USEPA for OCS waters east of 87.5° W.
longitude. Air emission sources west of 87.5° W longitude in the GOM remain under BOEM jurisdiction.

The USEPA promulgated OCS air quality regulations to implement the statutory requirements
(40 CFR 55). Over the past several years, BOEM has leased some blocks that are east of 87.5° W
longitude. These lessees are working with USEPA to obtain permits for exploratory drilling activities
(USEPA, 2011f).

Emission Inventories

The BOEM conducts the Gulfwide Emission Inventory Study (Gulfwide Offshore Activities Data
System [GOADS]) every 3 years. The purpose of the GOADS study is to assess the potential impacts of
air-pollutant emissions from offshore oil and gas exploration and production. The BOEM supplies the
operators with GOADS Visual Basic activity data collection software for compiling monthly activity data
for the calendar year. Each study estimates emissions for all OCS oil and gas production-related sources
in the Gulf of Mexico. Data are collected from 16 different sources on the platform, such as amine units,
diesel engines, and flashing losses. The inventory includes non-platform sources (such as pipelaying
operations) and non-OCS oil/gas-related emissions (such as commercial fishing vessels), and it estimates
a geogenic and biogenic contribution. The collected activity data are submitted to BOEM in April of the
year following the collection effort. A rigorous quality control process is performed on the submitted
data by BOEM’s contractor. The activity data are combined with the most recent emission factors
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published by USEPA and the Emission Inventory Improvement Program’s emission estimation methods
to develop a comprehensive criteria pollutant and greenhouse gas emissions inventory. Data files that are
suitable for use in air quality modeling applications are generated. For each piece of equipment, stack
parameter information such as outlet height, exit velocity, and exhaust gas temperature is presented.

The CAAA requires BOEM to coordinate air-pollution control activities with USEPA. Thus, there
will be a continuing need for emission inventories and modeling in the future. The following is a
summary of new information that has become available in the past several years.

The BOEM has completed three air emissions inventory studies for calendar years 2000 (Wilson
etal.,, 2004), 2005 (Wilson et al., 2007), and 2008 (Wilson et al., 2010). These studies estimated
emissions for all OCS oil and gas production-related sources in the Gulf of Mexico, including
nonplatform sources, as well as other non-OCS-related emissions. The inventories included carbon
monoxide (CO), nitrogen oxides (NO,), sulfur dioxide (SO,), PMi, PM,s, and VOC’s, as well as
greenhouse gases—carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O).

Another emission inventory is underway for 2011. These emissions inventories will be used in air
quality modeling to determine the potential impacts of offshore sources to onshore areas.

Greenhouse Gas Reporting

In response to the FY 2008 Consolidated Appropriations Act, USEPA issued 40 CFR 98, which
requires reporting of greenhouse gas emissions. Subpart W of the Greenhouse Gases Reporting Rule
requires petroleum and natural gas facilities that emit 25,000 metric tons or more of CO, equivalents per
year to report emissions from equipment leaks and venting. Subpart C of the Greenhouse Gases
Reporting Rule requires operators to report greenhouse gas emissions from general stationary fuel
combustion. For Subpart W of the reporting rule, USEPA accepts industry data collected via BOEM’s
GOADS project to estimate the emissions of CH, and CO, from stationary fugitive and stationary vented
sources.

General Conformity Regulations

New General Conformity regulations were promulgated on March 24, 2010 (USEPA, 2011c). This
regulation applies only to emissions within a nonattainment area. It does not apply to OCS emissions,
except for any OCS-related emissions that may occur within State waters, such as vessels. The BOEM
has not had to do any conformity determinations for OCS oil- and gas-related activities in the Gulf of
Mexico.

The accidental impacts from a catastrophic spill, such as the DWH event, are analyzed in Chapter
4.2.1.1.3 and Appendix B. The DWH event caused effects on air quality; these effects occurred from the
application of dispersants to the oil spill, in-situ oil burning, evaporation of toxic chemicals from the oil
spill, and cleanup activities. Onshore air quality data indicate that USEPA’s health-based standards were
not exceeded, although there were public complaints regarding health concerns (Chapter 4.2.1.23.4).

An oil spill could cause the release and transport of particulate matter to the onshore environment and
increase the ozone concentration or the amount of toxic chemicals in the onshore environment. The
onshore residents and cleanup workers may be exposed to toxic chemicals, particulate matter, or ozone,
and they may experience short-term or long-term health effects.

In response to the recent DWH event, USEPA and the affected States conducted extensive air quality
monitoring along the Gulf Coast. The air monitoring conducted to date has found that the levels of ozone
and particulates were at levels well below those that would cause short-term health problems (USEPA,
2010j). The air monitoring also did not find any pollutants at levels expected to cause long-term harm.
However, it has been reported in the news that people along the coastal areas felt the effect of the toxic
chemicals released from the DWH event and the sprayed dispersant (Chapter 4.2.1.21.4).

Modeling tools for the transport and dispersion of air pollutants such as ozone, carbon monoxide,
nitrogen dioxide, and PAH’s are required to determine the fate and pollutant concentrations in the
environment and, subsequently, to assess environmental impacts. The BOEM regulations require that
when modeling is needed it follow USEPA guidelines published in Appendix W of 40 CFR 51. The
OCD Model has been the preferred model. Efforts are underway to improve representation of overwater
conditions and to increase the selection of models that may be used. In a catastrophic spill, dispersants
may be sprayed to break up the slick. The dispersant mist would temporarily degrade the air quality.
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In a catastrophic spill, oil may be burned to prevent it from entering sensitive habitats. The USEPA
released two peer-reviewed reports concerning dioxins emitted during the controlled burns of oil during
the DWH event (Aurell and Gullet, 2010; Schaum et al., 2010). Dioxins is a category that describes a
group of hundreds of potentially cancer-causing chemicals that can be formed during combustion or
burning. The reports found that, while small amounts of dioxins were created by the burns, the levels that
workers and residents would have been exposed to were below USEPA’s levels of concern. The
increased risk of cancer in exposed populations was less than 1 additional cancer in 1 million people.

However, at present, a number of scientists, doctors, and health care experts are concerned with the
potential public health effects as a result of the DWH event in the Gulf of Mexico. The effects of the
DWH event on public health and the environment can be classified as short-term and long-term effects.
The short-term effects include watery and irritated eyes, skin itching and redness, coughing, and shortness
of breath or wheezing. As yet, little is known about any long-term health effects of direct exposure to oil
from the DWH event. Past accidental oil-spill events do not provide guidance for the assessment of the
long-term impact of the DWH event on public health (Chapter 4.2.1.21.4).

4.2.1.1.2. Impacts of Routine Events

Background/Introduction

The following routine activities associated with a CPA proposed action would potentially affect air
quality: platform construction and emplacement; platform operations; drilling activities; flaring; seismic-
survey and support-vessel operations; pipeline laying and burial operations; evaporation of volatile
petroleum hydrocarbons during transfers; and fugitive emissions. Supporting materials and discussions
are presented in Chapter 4.2.1.1.1. The impact analysis is based on four parameters—emission rates,
surface winds, atmospheric stability, and the mixing height.

The BOEM conducts a review of the impacts of each EP and DOCD to onshore air quality during the
postlease plans review process (Chapter 1.5). Operators submit their projected maximum emissions in
order to obtain plan approval. The projected emissions are compared with exemption thresholds. If the
emissions exceed the exemption thresholds, OCD modeling is performed. The operator can chose to
customize their submittal by using actual fuel use rather than the BOEM-provided default factors or
submitting manufacturer’s emissions specifications. They may also reduce emissions by spacing out the
activity over time or selecting a different rig.

The concentration of the H,S varies substantially from formation to formation and even varies to
some degree within the same reservoir. Natural gas from the Norphlet Formation in the northeastern
portion of the CPA, just south of Alabama and Mississippi, tends to range between 40 and 140 ppm on
the OCS. Nevertheless, two wells are known to have H,S concentrations of 1.8 and 2.5 percent (18,000
and 25,000 ppm, respectively) in the OCS. Higher concentrations do occur within the Norphlet
Formation farther north under State territorial waters and below land.

Additionally, the area around the Mississippi River Delta is a known sulfur-producing area. 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 National Wilderness Area.

Flaring of gas containing H,S (sour gas) is of concern because it could significantly impact nearby
onshore areas, particularly when considering the short-duration averaging periods (1 and 24 hour) for
SO,. The contribution of flaring to SO; is regulated in 30 CFR 250 Subpart K. For areas and activities
under BOEM jurisdiction, BOEM’s regulations may be different from those of USEPA.

SOy levels from routine flaring are evaluated as part of the postlease plans review process.
Emergency requests to vent or flare gas or burn oil are made when a well test occurs, when equipment is
going to be upgrading, or when a pipeline is going to repaired and there is no other pipeline to divert the
gas or oil. When emergency flaring is required, the operator requests permission from BSEE. The BSEE
refers the request to BOEM. The amount of SO, generated is dependent upon the sulfur concentration,
rate of flaring, and the presence and functioning of a sulfur recovery unit. The BOEM compares the
estimated SOy to a threshold exemption level based on the distance to shore. If the projected maximum
pounds per hour SO, emission level will exceed the threshold, BOEM informs the operator of the rate that
they must not exceed. The operator may install an amine unit temporarily in order to flare at a higher
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rate. Routine and emergency flaring that is a normal part of a proposed action is not expected to result in
SOy levels that impact onshore levels.

The BSEE and BOEM recently issued a final rule (30 CFR 250.490 and 30 CFR 550.215,
respectively [Federal Register, 2011a]) governing requirements for preventing hydrogen sulfide releases,
detecting and monitoring hydrogen sulfide and sulfur dioxide, protecting personnel, providing warning
systems and signage, and establishing requirements for hydrogen sulfide flaring and venting.]

The combustion of liquid hydrocarbon fuel is the primary source of sulfur oxides (SO4) when
considering the annual averaging period; however, impacts from high-rate well cleanup operations can
generate significant SO, emissions. To prevent inadvertently exceeding established criteria for SO, for
the 1-hour and 24-hour averaging periods, all incinerating events involving H,S or liquid hydrocarbons
containing sulfur are reported to BSEE and are evaluated individually for compliance with safety and
flaring requirements. The lessees must not flare or vent oil well gas for more than 48 continuous hours
unless BSEE’s Regional Supervisor approves (30 CFR 250.1160). The VOC'’s are precursor pollutants
involved in a complex photochemical reaction with NO, in the atmosphere to produce ozone. The
primary sources of VOC’s result from venting and evaporative losses that occur during the processing and
transporting of natural gas and petroleum products. A more concentrated source of VOC’s is the vents on
glycol dehydrator units.

Emissions of air pollutants would occur during exploration, development, and production activities.
The profile of typical emissions for exploratory and development drilling activities shows that emissions
of NOy are the most prevalent pollutant of concern. Emissions during exploration are higher than
emissions during development due to power requirements for drilling a deeper hole and lower stack
heights. During exploratory drilling operations, air emissions may be high enough to contribute to
exceedances of the new short-term, 1-hour NO, and SO, NAAQS and, hence, may affect the onshore air
quality.

Platform emission rates for the GOM region are provided from the 2008 emission inventory of OCS
sources (Wilson et al., 2010). This compilation was based on information from a survey of
3,304 platforms from 103 companies, which represented an 85 percent response rate. Since these
responses included all the major oil and gas production facilities, they were deemed representative of the
type of emissions to be associated with a platform. The NO, and VOC’s are the primary pollutants of
concern since both are considered to be precursors to ozone. Emission factors for other activities such as
support vessels, helicopters, tankers, and loading and transit operations were taken from the OCS
emission inventory (Wilson et al., 2010). The number of wells expected to be developed per year in the
WPA and CPA are listed in Tables 3-2 and Table 3-3, respectively.

Flaring is the venting and/burning of natural gas from a specially designed boom. Flaring systems are
also used to vent gas during well testing or during repair/of production equipment. The BSEE operating
regulations 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/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. Accidents, such as oil spills, blowouts, and pipeline
ruptures, are another source of emissions related to OCS operations. The potential impacts from these
accidental events are discussed in Chapter 4.2.1.1.3.

Atmospheric pollutants are transported by prevailing winds and are diluted through dispersion.
During summer, the wind regime in the CPA is predominantly onshore at mean speeds of 3-5 m/sec
(6.7-11.2 mph). Average winter winds are predominantly offshore at speeds of 4-8 m/sec (8.9-17.9 mph)
(Appendix A.3). Although for the summer months the wind regime in the CPA is predominantly onshore
during the day, OCS activities would not be expected to impact air pollutant levels in the CPA because
any pollutants emitted would be dispersed prior to reaching shore. The majority of OCS Program-related
emissions occur offshore anywhere from the State/Federal waters boundary to 200 mi (322 km) offshore,
which limits the potential for emissions to result in impacts onshore.

Dispersion depends on emission height, atmospheric stability, mixing height, exhaust gas temperature
and velocity, and wind speed. For emissions within the atmospheric boundary layer, the vertical heat
flux, which includes effects from wind speed and atmospheric stability (via air-sea temperature
differences), is a good indicator of turbulence available for dispersion (Lyons and Scott, 1990). Heat flux
calculations in the CPA (Florida A&M University, 1988) indicate an upward flux year-round, being
highest during winter and lowest in summer.
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The mixing height determines the vertical space available for spreading the pollutants. The mixing
height is the height above the surface of the earth through which vigorous vertical mixing occurs.
Vertical mixing is most vigorous during unstable conditions and is suppressed during stable conditions
resulting in the worst periods of air quality. Although mixing height information throughout the GOM is
scarce, measurements near Panama City, Florida (Hsu, 1979), show that the mixing height can vary
between 400 and 1,300 m (1,312 and 4,265 ft), with a mean of 900 m (2,953 ft). The mixing height tends
to be higher in the afternoon, more so over land than over water. Further, the mixing height tends to be
lower in winter, with daily changes smaller than in summer.

The annual CO, emissions in the WPA and CPA are estimated at 0.34 and 1.3 million tons,
respectively. The CO, emissions attributable to the WPA and CPA are estimated to be about
0.005 percent of total global CO, emissions annually. The United States’ CO, emissions in 2008 were
estimated to be 7.1 billion metric tons CO, equivalents. In 2010, total U.S. greenhouse gas emissions
were 6.8 billion metric tons CO, equivalents. Total U.S. emissions have increased by 10.5 percent from
1990 to 2010, and emissions increased from 2009 to 2010 by 3.2 percent (213.5 teragrams CO;
equivalents). The CO, equivalent emissions from total offshore sources (including non-OCS sources) are
0.45 percent of the total United States” GHG Inventory using 2008 numbers. The CO, equivalent
emissions from specifically OCS oil and gas sources is 0.4 percent of the United States” GHG Inventory.

The amount of CO, emissions from a typical well site on average is about 237-439 tons per year.
This is well below the reporting thresholds under the GHG Reporting Rule. Given these emissions
estimates, greenhouse gas emissions attributable to the CPA and WPA would not be expected to
contribute significantly to the global warming or climate change.

Proposed Action Analysis

The OCS emissions in tons per year for the criteria pollutants for a CPA proposed action are indicated
in Table 4-64. The annual OCS emissions in Table 4-2 are based on the Year 2008 Gulfwide Emission
Inventory Study (Wilson et al., 2010) and the scenario. The scenario is provided in Chapter 3 and details
the number of wells drilled, production structures installed and removed, and the method of product
transportation for a single typical lease sale. The major pollutant emitted is NOy, while PMyy is the least
emitted pollutant. Combustion-intensive operations such as platform operations, well drilling, and
service-vessel activities contribute mostly NO,; platform operations are also the major contributors of
VOC emissions. Platform construction emissions contribute appreciable amounts of all pollutants over
the life of a CPA proposed action. These emissions 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. The drilling
operations contribute considerable amounts of all pollutants. These emissions are temporary in nature
and typically occur over a 40-day drilling period. Support activities for OCS activities include crew and
supply boats, helicopters, and pipeline vessels; emissions from these sources consist mainly of NO, 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
the offshore facilities; a smaller percentage of the emissions occur during idling at the platform. Platform
and well emissions were calculated using the integration of projected well and platform activities over
time.

The total pollutant emissions per year are not uniform. At the beginning of the proposed activities,
emissions would be the largest. Emissions peak early on, as development and drilling start relatively
quickly, followed by production. After reaching a maximum, emissions would decrease as wells are
depleted and abandoned, platforms are removed, and service-vessel trips and other related activities are
no longer needed.

The BOEM regulations (30 CFR 550.303) establish 1-hour and 8-hour significance levels for CO. A
comparison of the projected emission rate to BOEM’s exemption level would be used to assess CO
impacts. The formula to compute the emission rate in tons/year for CO is 3,400+D™; D represents
distance in statute miles from the shoreline to the source. This formula is applied to each facility. It has
been found that the air emissions of CO do not exceed BOEM’s exemption level. This pollutant is not an
ambient air pollutant of concern in the offshore oil and gas industry. Therefore, CO modeling analysis is
not performed.



Description of the Environment and Impact Analysis 4-447

The VOC emissions (as a precursor pollutant) are best addressed as their corresponding ozone
impacts, which were studied in the Gulf of Mexico Air Quality Study (GMAQS) (Systems Applications
International et al., 1995). The GMAQS indicated that OCS activities have little impact on ozone
exceedance episodes in coastal nonattainment areas, including the Houston/Beaumont, Port Arthur/Lake
Charles, and Baton Rouge areas. In the model, total OCS contributions to the Oz levels at locations where
the model predicted Oz concentrations above the NAAQS in O; episodes modeled were less than 2 ppb.
In the GMAQS, the model was also run using double emissions from OCS petroleum development
activities, and the resulting attributable ozone concentrations, during modeling exceedance episodes, were
still small, ranging 2-4 ppb. The activities under a CPA proposed action would not result in a doubling of
the emissions, and because the proposed activities are substantially smaller than this conservative
scenario, it is logical to conclude that their impact would be substantially smaller as well (Systems
Applications International et al., 1995). The new 8-hour ozone standard (0.075 ppm) was promulgated on
May 27, 2008. It is more stringent than the previous 1-hour standard as well as the old 8-hour standard.
In response to the 1997 ozone standard (0.08 ppm), the updated ozone modeling was performed using a
preliminary Gulfwide emissions inventory for the year 2000 to examine the Oz impacts with respect to the
new 8-hour ozone standard. Two modeling studies were conducted. One modeling study focused on the
coastal areas of Louisiana extending eastward to Florida (Haney et al., 2004). This study showed that the
impacts of OCS emissions on onshore O; levels were very small, with the maximum contribution of 1 ppb
or less at locations where the standard was exceeded. The other modeling effort dealt with O3 levels in
southeast Texas (Yarwood et al., 2004). The results of this study indicated a maximum contribution of
0.2 ppb or less to areas exceeding the standard ozone increment.

Annual modeling with the CALPUFF model of the study (2000-2001) and baseline years (1977 for
SO, and 1988 for NO,) revealed that none of the allowable SO, or NO, increments had been fully
consumed, as shown in the table below (Wheeler et al., 2008).

Comparison of the Allowable SO, or NO, Increment
in the BNWA with the NAAQS

Class | Area (BNWA Allowable Increment
Increment (ug /mg) ) (ug /m3)
3-hr SO, 1.7 25
24-hr SO, 1.18 5
Maximum Annual SO, 1.07 2
Maximum Annual NO, 0.1 2.5

The OCD modeling results for the CPA are presented in Tables 4-26 and 4-27 of the 2007-2012
Multisale EIS (USDOI, MMS, 2007c¢); these tables are hereby incorporated by reference. The BOEM has
presumed that these tables are adequate because of the similarities between the 2007-2012 Multisale EIS
(USDOI, MMS, 2007c) and the 2012-2017 Multisale EIS scenarios. The increase in the number of
exploration and delineation wells occurs at all water depths; therefore, increased emissions would be
throughout the CPA rather than concentrated in blocks nearer to shore. These tables do not include the
1-hour NO, and SO, modeling results. The BOEM has relied on 1-hour NO, OCD modeling performed
by operators during the postlease plans approval to validate that projected emissions do not exceed the
1-hour NO, standard. SO, exceedances of the hourly and annual exemption levels are less frequent.
Therefore, BOEM has not required SO, modeling since the 1-hour SO, standard went into effect.

Current industry practice is to transport OCS-produced oil and gas via pipeline whenever feasible. It
is estimated that over 99 percent of the gas and oil would be piped to shore terminals. Thus, fugitive
emissions associated with tanker and barge loadings and transfer would be small, as would the associated
exhaust emissions. Safeguards to ensure minimum emissions from any offloading and loading operations
of OCS crude oil production from surface vessels at ports have been adopted by the State of Louisiana
(Marine Vapor Recovery Act, 2010, LAC 33:111.2108 [Louisiana Dept. of Environmental Quality,
2010h]).

Suspended particulate matter is important because of its potential in degrading the visibility in
national wildlife refuges or recreational parks designated as PSD Class | areas. The impact depends on
emission rates and particle size. Particle size represents the equivalent diameter (diameter of a sphere)
that would have the same settling velocity as the particle. Particle distribution in the atmosphere has been
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characterized as being largely trimodal (Godish, 1991), with two peaks located at diameters smaller than
2 um and a third peak with a diameter larger than 2 um. Particles with diameters of 2 um or larger settle
very close to the source (residence time of approximately % day, Lyons and Scott, 1990). For particles
smaller than 2 pm, which do not settle fast, wind transport determines their impacts. Projected PMy,
concentrations are expected to have a low impact on the visibility of PSD Class | areas.

Gaseous and fine particulate matter in the atmosphere can potentially degrade the atmospheric
visibility. The visibility degradation is primarily due to the presence of particulates with the size in the
range of 1 to 2 microns (micrometers). The sources of these particulates may come from fuel burning and
the chemical transformation of the atmospheric constituents. The chemical transformation of NO,, SO,,
and VOC’s may produce nitrates, sulfates, and carbonaceous particles. High humidity also may
contribute to the visibility impairment in the Gulf coastal areas. Visibility is considered an important
resource in the Breton National Wilderness Area, a Federal Class | area. Although boundary changes
have opened up more area for exploration and production on the eastern side of the CPA, the area closest
to shore and the Class | area cannot be leased as a result of GOMESA. Since future air emission from all
sources in the area are expected to be about the same level or less, it is expected that the impact on
visibility due to the presence of fine particulates would be minor.

The Breton National Wilderness Area is a Class | air quality area administered by FWS. Under the
Clean Air Act, BOEM would notify FWS and the National Park Service if emissions from proposed
projects may impact the Breton Class | area. Mitigating measures and stricter air emissions monitoring
and reporting requirements are required for sources that are located within 100 km (62 mi) of the Breton
Class | Area and that exceed emission levels agreed upon by the administering agencies.

Summary and Conclusion

Emissions of pollutants into the atmosphere from the routine activities associated with a CPA
proposed action are projected to have minimal impacts to onshore air quality because of the prevailing
atmospheric conditions, emission heights, emission rates, and the distance of these emissions from the
coastline. The ambient concentrations of pollutants due to emissions from proposed-action activities in
the CPA are expected to be well within the NAAQS. As indicated in the GMAQS and other modeling
studies, a CPA proposed action would have only a small effect on ozone levels in ozone nonattainment
areas and would not interfere with the States’ schedule for compliance with the NAAQS. The OCD
modeling results incorporated by reference from the 2007-2012 Multisale show that increases in onshore
annual average concentrations of NO,, SO,, and PMj, are estimated to be less than the maximum
increases allowed in the PSD Class Il areas. One-hour NO, modeling performed by operators as part of
the postlease approval process indicates concentrations less than the maximum increase allowed.
Regulations, activity data reporting via the GOADS reporting requirement, and mitigation such as
monitoring the performance of the sulfur recovery unit or the catalytic converter would ensure these
levels stay within the NAAQS.

4.2.1.1.3. Impacts of Accidental Events

Background/Introduction

The accidental release of hydrocarbons related to a CPA proposed action would result in the emission
of air pollutants. The OCS accidents could 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, H,S, and methane. These
pollutants are discussed in Chapter 4.2.1.1.2. If a fire was associated with the accidental event, it would
produce a broad array of pollutants, including all NAAQS-regulated primary pollutants, including NO,,
CO, SO, VOC, PMy,, and PM,s. The discussion below addresses a 2,200-bbl spill. In the spill size
category of >1,000 bbl, the estimated median spill size based on historical data is 2,200 bbl (Table 3-12).

A catastrophic event is a high-volume, long-duration oil spill. An analysis of the impact of a
catastrophic spill is included in Appendix B. Many Federal and State agencies and companies participate
in the response to a catastrophic event such as the DWH event. Air quality onshore and on-water was
monitored by OSHA, USCG, and the responsible party to ensure a safe work environment for response
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workers. Coastal community air quality was monitored by USEPA and State environmental agencies.
The results from these efforts are available on DWH event websites (USEPA, 2010j).

Proposed Action Analysis

The accidental release of hydrocarbons or chemicals from a CPA proposed action would cause the
emission of air pollutants. Some of these pollutants are precursors to ozone, which is formed by complex
photochemical reactions in the atmosphere. Accidents, such as oil spills and blowouts, are a source of
emissions related to OCS operations. Typical emissions from OCS accidents consist of hydrocarbons;
only fires produce a broad array of pollutants, including all NAAQS-regulated primary pollutants. The
criteria pollutants considered here are NO,, CO, SO,, VOC, PMyg, and PM.

NAAQS Pollutants

Some of the NAAQS pollutants, the VOC’s and NO,, are precursors to ozone, which is formed by
complex photochemical reactions in the atmosphere. Human exposure to ground-level ozone exposure
causes a variety of health problems including airway irritation, aggravation of asthma, and increased
susceptibility to respiratory illnesses. Ozone levels could increase, especially if the oil spill were to occur
on a hot, sunny day with sufficient concentrations of NO, present in the lower atmosphere. An accidental
spill would possibly have a temporary, offshore localized adverse effect due to NAAQS pollutant
concentrations. Due to the distance from shore and an assumed accidental spill size of 2,200 bbl, an oil
spill would not affect onshore ozone concentrations.

The VOC emissions from the evaporation of an oil spill can contribute to the formation of particulate
matter (PM_s). In-situ burning also generates particulate matter. Particulate matter can cause adverse
human respiratory effects and can also result in a haze. The PM,s concentrations in a plume could have
the potential to temporarily degrade visibility in any affected PSD Class | areas (i.e., National Wilderness
Areas and National Parks) such as the Breton National Wilderness Area in the CPA and other areas where
visibility is important.

Hydrocarbons

Oil is a mixture of many different chemical compounds, some of which are hazardous to health.
Toxic chemicals can cause headaches or eye irritation and some other symptoms. Benzene can cause
cancer at high levels and long exposures. The benzene, toluene, ethylbenzene, and xylene (BTEX)
fraction of oil is light and volatilizes into air. The BTEX level is commonly measured to provide an
indication of the level air quality. During an accidental spill, the levels of BTEX in the immediate area
could exceed safe levels. In hazardous conditions, OSHA and USCG regulations require workers to use
breathing protection. An accidental spill would possibly result in temporary, offshore localized elevated
levels of hydrocarbons. Due to the distance to shore and an assumed accidental spill size of 2,200 bbl, an
accidental spill would not result in elevated onshore BTEX concentrations. An analysis of the impact of a
catastrophic spill, of far greater size, is included in Appendix B.

Hydrogen Sulfide (H,S)

The presence of H,S within formation fluids occurs sporadically throughout the Gulf of Mexico OCS
and may be released during an accident. The concentrations of H,S found to date are generally greatest in
the eastern portion of the CPA. There has been some evidence that petroleum from deepwater areas
contains significant amounts of sulfur. The H,S concentrations in the OCS vary from as low as a fraction
of a ppm to as high as 650,000 ppm. H,S can cause acute symptoms, including headaches, nausea, and
breathing problems. During an accidental event, H,S concentrations could be high enough in the
immediate area to be life threatening. The BSEE’s regulations (30 CFR 250.490(a)(1)) and the clarifying
H,S NTL (NTL 2009-G31) requires a Contingency Plan, as well as sensors and alarms (30 CFR
250.490(d)) to alert and protect workers from H,S releases.
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In-situ Burning

In-situ burning of a spill results in emissions of NO,, SO,, CO, and PMy,, and would generate a
plume of black smoke. Fingas et al. (1995) describes the results of a monitoring program of a burn
experiment at sea. The program involved extensive ambient measurements during two experiments in
which approximately 300 bbl of crude oil were burned. It found that during the burn, CO, SO,, and NO,
were measured only at background levels and were frequently below detection levels. Ambient levels of
VOC’s were high within about 100 m (328 ft) of the fire but were significantly lower than those
associated with a nonburning spill. Measured concentrations of polycyclic aromatic hydrocarbons
(PAH’s) were low. It appeared that a major portion of these compounds was consumed in the burn. In
measurements taken from the NOAA WP-3D aircraft during the DWH event, lofted plumes from the
controlled burns rose above the marine boundary layer of 2,000 ft (610 m) (Ravishankara and Goldman,
2010).

McGrattan et al. (1995) modeled smoke plumes associated with in-situ burning. The PM is the type
of particulates matter measured. The results showed that the surface concentrations of particulate matter
did not exceed the health criterion of 150 ug/m in 24 hours beyond about 5 km (3 mi) downwind of an
in-situ burn. This is quite conservative since this health standard is based on a 24-hour average
concentration rather than a 1-hour average concentration. This appears to be supported by field
experiments conducted off of Newfoundland and in Alaska. In summary, the impacts from in-situ
burning are temporary. Pollutant concentrations would be expected to be within the NAAQS. The air
quality impacts from in-situ burning would therefore be minor.

Dioxins and furans are a family of extremely persistent chlorinated compounds that magnify in the
food chain. During an in-situ burn, the conditions exist (i.e., incomplete hydrocarbon combustion and the
presence of chlorides in seawater) for dioxins and furans to potentially form. Measurements of dioxins
and furans during the DWH event in-situ burning were made (Aurell and Gullett, 2010). The estimated
levels of dioxins and furans produced by the in-situ burns were similar to those from residential
woodstove fires and slightly lower than those from forest fires, according to USEPA researchers (Schaum
et al., 2010) and roughly 25-65 times higher than those observed for controlled combustion of waste
engine oil, within the range of PCDD/PCDF emission factors determined for open biomass burning, and
over 2 orders of magnitude lower than open burning of residential waste (Aurell and Gullet, 2010) and,
thus, concerns about eventual dioxin bioaccumulation in seafood were alleviated. The results obtained
from the air quality modeling and the use of a screening level assessment also indicate that the cancer
risks due to the dioxin emissions from |n -situ burns of the Gulf oil spill do not exceed USEPA’s cancer
risk management guidelines of 1 in 10°® (Schaum et al., 2010). The shoreline dioxin concentration from
the in-situ burns would be much less than the measured air concentration in rural locations of the U.S.
and, thus, concerns about bioaccumulation in seafood were alleviated.

Flaring

Flaring may be conducted to manage excess gas during an accidental event such as damage to a
pipeline. For the DWH event, a flare that burned both oil and gas was employed. Flaring would result in
the release of NO, emissions from the flare. The SO, emissions would be dependent on the sulfur content
of the crude oil.

Particulate matter from the flare would also affect visibility. Flaring or burning activities upwind of a
PSD Class | area, e.g., the Breton National Wilderness Area in the CPA, could adversely affect air quality
through increased SO, concentrations and reduced visibility. More information about the DWH event
flaring is available in Appendix B. Impacts to visibility would be temporary and are not expected to
impact coastal PSD Class | areas.

In-situ burning and flaring are temporary efforts to limit environmental impact during an accidental
spill. Flaring needs to be approved by the BSEE Regional Director. The appropriate agencies would
monitor for worker safety. Pollutant concentrations onshore would be expected to be within the NAAQS
and flaring would thus not be expected to have onshore impacts.

Dispersants

Dispersants may be applied to break up surface and subsurface oil following an accidental spill. In
surface application, aircraft fly over the spill, similar to crop dusting on land, and spray dispersants on the
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visible oil. Dispersant usage is usually reserved for offshore locations. There is the possibility that the
dispersant mist can drift from the site of application to a location where workers or the community are
exposed by both skin contact and inhalation. Following the DWH event, USEPA provided the TAGA
bus, a mobile laboratory, to perform instantaneous analysis of air in coastal communities. Two
ingredients in the COREXIT dispersant were measured. Very low levels of dispersant components were
identified. It should be noted that the COREXIT ingredients monitored are also common ingredients in a
number of household products. Therefore, their detection onshore does not equate to the detection of
dispersants. The USEPA has noted that there is no evidence that dispersant application resulted in a
significant impact to onshore air quality. Due to the distance to shore and an assumed accidental spill size
of 15,000 bbl, it is unlikely that dispersants would be carried to onshore areas.

The COREXIT ingredients also are common ingredients in a number of household products; the
detected ingredients may not be due to dispersants. The USEPA found that there is no evidence that
dispersant application resulted in a significant impact in onshore air quality. Two dispersant ingredients
were sampled in air; one of the ingredients, 2-butoxyethonal, was only presented in COREXIT 9527.

Odors

An accidental spill could result in odors (USEPA, 2010a). The low levels of pollutants may cause
temporary eye, nose, or throat irritation, nausea, or headaches, but the doses are not thought to be high
enough to cause long-term harm (USEPA, 2010a). Due to the distance to shore and an assumed
accidental spill size of 2,200 bbl, it is unlikely that applied dispersants would drift to onshore areas. The
impacts of accidental events are not expected to have significant impacts on onshore air quality. The
impacts of accident from catastrophic events are still uncertain.

Summary and Conclusion

Accidental events associated with a CPA proposed action that could impact air quality include spills
of oil, natural gas, condensate, and refined hydrocarbons; H,S release; and fire and could result in the
releases of NAAQS air pollutants (i.e., SOy, NO,, VOC’s, CO, PMy,, and PM,s). Response activities that
could impact air quality include in-situ burning, the use of flares to burn gas and oil, and the use of
dispersants applied from aircraft. Measurements taken during an in-situ burning show that a major
portion of compounds was consumed in the burn; therefore, pollutant concentrations would be expected
to be within the NAAQS. In a recent analysis of air in coastal communities, low levels of dispersants
were identified. These response activities are temporary in nature and occur offshore; therefore, there are
little expected impacts from these actions to onshore air quality. Accidents involving high concentrations
of H,S could result in deaths as well as environmental damage. Regulations and NTL’s are in place to
protect workers from H,S releases. Other emissions of pollutants into the atmosphere from accidental
events as a result of a CPA proposed action are not projected to have significant impacts on onshore air
quality because of the prevailing atmospheric conditions, emissions height, emission rates, and the
distance of these emissions from the coastline. These emissions are not expected to have concentrations
that would change onshore air quality classifications. The impacts of accidental events are not expected
to have significant impacts to onshore air quality. The impacts of catastrophic accidental events are still
uncertain.

During the DWH event, a huge number of air samples were collected. Analyses included BETX, PM,
H,S, NAAQS criteria pollutants, and dioxin. According to USEPA, in coastal communities air pollutants
from the DWH event were at levels well below those that would cause short-term health problems. The
air monitoring conducted to date has not found any pollutants at levels expected to cause long-term harm
(USEPA, 2010k). However, questions have been raised concerning the effects of the DWH event on
public health and the workers, resulting from the releases of particles and toxic chemicals due to
evaporation from the oil spill, flaring, oil burning, and the applications of dispersants; see also Chapter
4.2.1.23.4. More recent assessments of worker health have found that exposure levels were generally
below occupational exposure limits Air quality impacts include the emission of pollutants from the oil,
and the fire emissions that are hazardous to human health had the potential to occur during this accidental
event. The effects of some of the pollutants accumulate over a life time and can contribute to diseases
that can possibly be fatal years after the exposure. However, extensive personal air sampling to ensure



4-452 Western and Central Planning Areas Multisale EIS

worker safety and onshore air monitoring to ensure public safety showed that levels of pollutant remained
within acceptable ranges and that can possibly be fatal (Appendix B).

Overall, since loss of well-control events and blowouts are rare events and of short duration, potential
impacts to air quality are not expected to be significant except in the rare case of a catastrophic event.
The summary of vast amounts of data collected and additional studies will provide more information in
the future.

4.2.1.1.4. Cumulative Impacts

Background/Introduction

An impact analysis for cumulative impacts in the CPA on air quality is described in this section. This
cumulative analysis summary considers OCS and non-OCS activities that could occur and adversely
affect onshore air quality and the Breton National Wilderness Area from OCS sources during the 40-year
analysis period.

The activities in the cumulative scenario that could potentially impact onshore air quality include a
CPA proposed action and the OCS Program, State oil and gas programs, other major factors influencing
offshore environments, onshore non-OCS activities, accidental releases from oil spills, accidental releases
of H,S, natural events (e.g., hurricanes), and a catastrophic oil spill. Because the OCS Program includes
both new drilling and production as well as production ending on older wells and platform removal, the
level of impacts determined in earlier studies are assumed to adequately represent current conditions as
well.

The activities for the OCS Program include the drilling of exploration, delineation, and development
wells; platform and pipeline installation; service-vessel trips; flaring; and fugitive emissions. Emissions
of pollutants into the atmosphere from the activities associated with the OCS Program are not projected to
have significant effects on onshore air quality because of the prevailing atmospheric conditions, emission
rates and heights, and the resulting pollutant concentrations. Onshore impacts on air quality from
emissions related to OCS activities are estimated to be within PSD Class Il allowable increments. In an
Agency-funded study, the modeling results indicate that the cumulative impacts to the Breton Wilderness
Class | Area are well within the PSD Class | allowable increment (Wheeler et al., 2008). The OCS
contribution to the air quality problem in the coastal areas is small.

State oil and gas programs onshore, in territorial seas, and in coastal waters also generate emissions
that affect onshore air quality. These emissions are regulated by State agencies and/or 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 onshore air quality.

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

Other major onshore emission sources from non-OCS activities include power generation, industrial
processing, manufacturing, refineries, commercial and home heating, and motor vehicles. The total
impact from the combined onshore and offshore emissions would be significant to the ozone
nonattainment areas in southeast Texas and the parishes near Baton Rouge, Louisiana.

Portions of the Gulf Coast have ozone levels that exceed the Federal air quality standard. Ozone
levels are on a declining trend because of air-pollution control measures that have been implemented by
the States. This downward trend is expected to continue as a result of local as well as nationwide air-
pollution control efforts. However, more stringent air quality standards have recently been implemented
by USEPA, which may result in increasing the number of parishes/counties in the coastal states that are in
violation of the Federal ozone standard. The Gulf Coast has significant visibility impairment from
anthropogenic emission sources. Area visibility is expected to improve somewhat as a result of regional
and national programs to reduce emissions.

A spill could result in the loss of crude oil, crude oil with a mixture of natural gas, or refined fuel. Air
quality would be affected by the additional response vessel traffic and volatization of components of the
oil and natural gas, if released. Impacts from individual spills would be localized and temporary.

The safety issue related to an accidental release of H,S is described in Chapter 3.1.1.9.1. The same
safety precautions and regulations described in a CPA proposed action are applicable to the cumulative
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scenario. That is, a typical safety zone of several kilometers is usually established in the area around the
source or platform where the concentration of H,S would be greater than 20 ppm. In the event of H,S
releases, a Contingency Plan is required.

The effects of hurricanes on the offshore infrastructures are described in Chapters 3.1.1.9.3 and
3.3.5.2. Hurricanes 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
response and infrastructure repair activities are expected to be the same as a CPA proposed action and to
have minimum effects on the onshore air quality.

A survey of large oil-spill events in the past indicates that the long-term effects of an oil spill on
human health and the environment are still unknown. The large oil-spill incidents include the Ixtoc I oil
spill in the Bay of Campeche in the Gulf of Mexico on June 3, 1979; Exxon Valdez oil spill in Prince
William Sound, Alaska, in 1989; the Prestige oil spill in the Atlantic Ocean near Spain in 2002; and the
DWH event in the Gulf of Mexico in 2010.

The Ixtoc oil-spill accident occurred in the Bay of Campeche of the Gulf of Mexico on June 3, 1979.
This oil spill became one of the largest oil spills in history at that time (Jerneldv and Linden, 1981). It
was estimated that an average of approximately 10,000-30,000 bbl of oil per day were discharged into the
Gulf of Mexico. It was finally capped on March 23, 1980. Ocean currents carried the oil, which reached
as far as the Texas coastline. There is no study of the long-term impact of air quality from this oil spill on
the human health.

The DWH event occurred in 2010. To assess the effects of the DWH event on human health and the
environment, the Institute of Medicine held a workshop, “Assessing the Human Health Effects of the Gulf
of Mexico Oil Spill,” in New Orleans, Louisiana, on June 22-23, 2010. It was reported that people in the
coastal areas show the stresses and strains of living with the effects of the spill on their livelihood and
their way of life (McCoy and Salerno, 2010). Due to the volatile chemicals that evaporated from the oil
spill into the atmosphere, persons in the coastal areas reported experiencing sickness, fever, coughing, and
lethargy. Some of these compounds could have significant effects on human health; however, the long-
term effects on exposed persons from DWH emissions are unknown

The global CO, emissions in 2010 are estimated to be about 33.0 billion tons (Olivier et al., 2011);
the annual CO, emissions in the WPA and CPA are 0.34 and 1.3 million tons, respectively. The United
States” CO, emissions in 2008 were estimated to be 7.1 billion metric tons CO, equivalents. The annual
CO, emissions in the WPA and CPA are 0.34 and 1.3 million tons, respectively. Total OCS contributions
including all vessels, such as fishing, commercial, and military vessels, is 0.45 percent of the U.S. total.
Specifically, OCS oil and gas sources are 0.4 percent of the U.S. total. The OCS activity is about
0.005 percent of total global CO, emissions. Therefore, OCS activity would not contribute significantly
to the global warming or climate change. In summary, there are few limited studies of the long-term
impact of air quality on human health in the history of oil spills.

Summary and Conclusion

Emissions of pollutants into the atmosphere from the activities associated with the OCS Program are
not projected to have significant effects on onshore air quality because of the prevailing atmospheric
conditions, emission rates and mixing heights, and the resulting pollutant concentrations. Reductions in
emissions have been achieved through the use of low sulfur fuels, catalytic reduction, and other efforts,
and as a result, such emissions constitute minor impacts to onshore air quality. Onshore impacts on air
quality from emissions from OCS activities are estimated to be within PSD Class Il allowable increments.
The modeling results indicate that the cumulative impacts to the Breton Wilderness Class | Area are well
within the PSD Class | allowable increment (Wheeler et al., 2008). The Gulf Coast States’ ozone levels
are declining because of air-pollution control measures that they have implemented. This downward
trend is expected to continue as a result of local as well as nationwide air-pollution control efforts. The
Gulf Coast has significant visibility impairment from anthropogenic emission sources. Area visibility is
expected to improve somewhat as a result of regional and national programs to reduce emissions.

The incremental contribution of a CPA proposed action (as analyzed in Chapter 4.2.1.1.2) to the
cumulative impacts would not significantly affect coastal nonattainment areas. Portions of the Gulf Coast
onshore areas have ozone levels that exceed the Federal air quality standard, but the incremental
contribution from a CPA proposed action would be very small. The cumulative contribution to visibility
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impairment from a CPA proposed action is also expected to be very small. Area visibility is expected to
improve somewhat as a result of regional and national programs to reduce emissions. A CPA proposed
action would have an insignificant effect on ozone levels in ozone nonattainment areas and would not
interfere with the States’ schedule for compliance with the NAAQS.

4.2.1.2. Water Quality

For the purposes of this EIS, water quality is the ability of a waterbody to maintain the ecosystems it
supports or influences. In the case of coastal and marine environments, the quality of the water is
influenced by the rivers that drain into the area, the quantity and composition of wet and dry atmospheric
deposition, and the influx of constituents from sediments. Besides the natural inputs, human activity can
contribute to diminished water quality through discharges, runoff, dumping, air emissions, burning, and
spills. Also, mixing or circulation of the water can either improve the water through flushing or be the
source of factors contributing to the decline of water quality.

Evaluation of water quality is done by the measurement of factors that are considered important to the
health of an ecosystem. The primary factors influencing coastal and marine environments are
temperature, salinity, dissolved oxygen, nutrients, potential of hydrogen (pH), oxidation reduction
potential (Eh), pathogens, and turbidity or suspended load. Trace constituents such as metals and organic
compounds can affect water quality. The water quality and sediment quality may be closely linked.
Contaminants, which are associated with the suspended load, may ultimately reside in the sediments
rather than the water column.

The region under consideration is divided into coastal and offshore waters for the following
discussion. Coastal waters, as defined by BOEM, include all the bays and estuaries from the Rio Grande
River to Florida Bay (Figure 4-2). Offshore waters, as defined in this EIS, include both State offshore
water and Federal OCS waters, which includes everything outside any barrier islands to the Exclusive
Economic Zone. The inland extent is defined by the Coastal Zone Management Act.

The full analyses of the potential impacts of routine activities and accidental events associated with a
CPA proposed action and a proposed action’s incremental contribution to the cumulative impacts are
presented in this EIS. A summary of those analyses and their reexamination due to new information is
presented in the following sections. A brief summary of potential impacts follows. Impacts from routine
activities associated with a CPA proposed action would be minimal if all existing regulatory requirements
are met. Coastal water impacts associated with routine activities include increases in turbidity resulting
from pipeline installation and navigation 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 the discharge of drilling muds and cuttings, produced water, residual chemicals used
during workovers, structure installation and removal, and pipeline placement. 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 within an area of about 100 m (328 ft) adjacent to the point of discharge. Structure
installation and removal and pipeline placement disturbs the sediments and causes increased turbidity. In
addition, offshore water impacts result from supply and service-vessel bilge and ballast water discharges.

The activity associated with a CPA proposed action would contribute a small percentage of the
existing and future OCS energy industry. The specific discharges, drill muds, cuttings and produced
water, and accidents resulting in spills would occur in proportion to production and, therefore, could add a
small increase to the anticipated impacts. Furthermore, the vessel traffic and related discharges associated
with a proposed action are a fraction of the ongoing commercial shipping and military activity in the Gulf.
The impacts of discharges, sediment disturbances, and accidental releases are a small percentage of the
overall activity and the overall impacts to coastal and offshore waters.

4.2.1.2.1. Coastal Waters

4.2.1.2.1.1. Description of the Affected Environment

The Gulf of Mexico is the ninth largest waterbody in the world (USDOC, NOAA, 2008a). The
description of the physical oceanography of the Gulf of Mexico is described in Appendix A.2. The
United States portion of the Gulf of Mexico region follows the coastline of five states from the southern
tip of Texas moving eastward through Louisiana, Mississippi, Alabama, and ending in the Florida Keys
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(Figure 4-2). The combined coastline of these states totals over 47,000 mi (75,639 km) (when including
the shores of all barrier islands, wetlands, inland bays, and inland bodies of water) (USDOC, NOAA,
2008a). The Gulf’s coastal areas contain half the wetlands in the United States (USDOC, NOAA, 2008a).
Wetlands are discussed in further detail in Chapter 4.2.1.4. According to USEPA (2008b), the Gulf
Coast coastal area comprises over 750 bays, estuaries, and sub-estuary systems that are associated with
larger estuaries. Gulf Coast estuaries and wetlands provide important spawning, nursery, and feeding
areas for a wide array of fish wildlife as well as being the home for a wide range of indigenous flora and
fauna (USEPA, 2008b). The coastal waters of the Gulf Coast are an extremely productive natural system
(USEPA, 2008b), which is also important to the Gulf Coast economy as the major commercial fishing
ports in the region yield over 1.2 billion pounds of seafood on an annual basis (USDOC, NOAA, 2008a).
The natural resources of the Gulf of Mexico are also important for tourism and recreation.

Over 150 rivers empty out of North America into the Gulf of Mexico (Gore, 1992, p. 127). The river
deltas emptying into the Gulf bring freshwater and sediment into coastal waters (Gore, 1992,
pp. 127-131), which affects the water quality of receiving waters. Rivers carry excess nutrients
downstream (e.g., nitrogen and phosphorus), as well as other possible inputs such as contaminants from
industrial wastewater discharge, downstream; this effect is cumulative as the river reaches an estuary
(Gore, 1992, pp. 280 and 291). Overenrichment of nutrients may lead to eutrophication that can
eventually cause algal blooms and fish kills (Gore, 1992, p. 280) (see below for more information on
nutrient enrichment and its effects; also see the wetlands and seagrasses discussions in Chapters 4.2.1.4
and 4.2.1.5, respectively). The emptying of rivers into the GOM is part of the hydrologic cycle or water
cycle (USDOI, GS, 2010a). Understanding this cycle not only explains the movement of water on Earth
but also how water quality might be affected by both natural and anthropogenic sources. The water cycle
may introduce chemical and physical factors that alter the condition of the natural water, such as the
addition of waterborne pollutants, or the addition of warmer water, into the GOM through waterbodies
emptying into the GOM, runoff, groundwater discharge, or precipitation. Water quality in coastal waters
of the northern Gulf of Mexico is highly influenced by season. Seasonality influences salinity, dissolved
oxygen, nutrient content, temperature, pH and Eh, pathogens, turbidity, metals, and organic compounds.
Salinity in open water near the coast may vary between 29 and 32 psu during fall and winter, but it may
decline to 20 psu during spring and summer due to increased runoff (USDOI, MMS, 2000a).

The priority water quality issues identified by the Gulf of Mexico Alliance are as follows:
(1) reducing risk of exposure to disease-causing pathogens; (2) minimizing occurrence and effects of
harmful algal blooms; (3) identifying sources of mercury in Gulf seafood; and (4) improving the
monitoring of Gulf water resources (Gulf of Mexico Alliance, 2009a). In addition to water quality itself,
nutrients and nutrient impacts are also a regional priority issue for the organization (Gulf of Mexico
Alliance, 2009b).

The leading source of contaminants that impair coastal water quality is urban runoff. Urban runoff
can include suspended solids, heavy metals and pesticides, oil and grease, nutrients, and organic matter.
Urban runoff increases with population growth, and the Gulf Coast region has experienced a 109 percent
population growth since 1970, with an additional expected 15 percent increase expected by 2020
(USDOC, NOAA, 2011a). Other pollutant source categories include (1) agricultural runoff, (2) municipal
point sources, (3) industrial sources, (4) hydromodification (e.g., dredging), and (5) vessel sources (e.g.,
shipping, fishing, and recreational boating).

The National Research Council (NRC, 2003, Table 1-4, p. 237) estimated that, on average,
approximately 26,324 bbl of oil per year entered Gulf waters from petrochemical and oil refinery
industries in Louisiana and Texas. Further, NRC (2003) calculated an estimate for oil and grease loads
from all land-based sources per unit of urban land area for rivers entering the sea. Based on the size of its
watershed, the Mississippi River introduced approximately 3,680,938 bbl of oil and grease per year from
land-based sources (NRC, 2003, Table I-9, p. 242) into the waters of the Gulf of Mexico.

Since the marine environment is a dynamic system, sediment quality and water quality can affect
each other. For example, a contaminant may react with the mineral particles in the sediment and be
removed from the water column (e.g., adsorption). 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 or a storm event), the resuspension can lead to a temporary redox
flux, including a localized and temporal release of any formally sorbed metals as well as nutrient
recycling (Caetano et al., 2003; Fanning et al., 1982).
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The overall coastal condition of the Gulf Coast was evaluated from 2001 to 2002 by USEPA and was
rated as fair to poor (USEPA, 2008b). Specifically, water quality was rated as fair while sediment quality
and the coastal habitat index (a rating of wetlands habitat loss), both of which affect water quality, were
rated as poor. The USEPA also conducted similar evaluations from 1990 to 1996 (USEPA, 2001) and
again from 1997 to 2000 (USEPA, 2005). Water quality was poor overall in the first Coastal Condition
Report, but it increased to fair overall in the latter reports. Conversely, sediment quality was generally
fair in the first two reports and decreased to poor in the last report. The Barataria/Terrebonne Estuary,
near Port Fourchon, which is a common service base, was ranked fair in terms of water quality (USEPA,
2007b) and was assessed as having moderately high eutrophic conditions by NOAA (Bricker et al., 2007).
The Galveston Bay estuary system was ranked poor in terms of water quality and fair to poor in terms of
sediment quality (USEPA, 2007b). Galveston Bay was individually characterized as having moderately
low eutrophic conditions (Bricker et al., 2007). The estuarine area of the Coastal Bend Bays, which
includes Corpus Christi Bay, was ranked fair in terms of water quality and poor in terms of sediment
quality (USEPA, 2007b), while Corpus Christi Bay alone was characterized as moderately eutrophic
(Bricker et al., 2007).

The NOAA examined additional Gulf Coast estuary systems near the CPA and, of those with
sufficient data, the Mississippi/Atchafalaya Plume and Perdido Bay had high overall eutrophic conditions,
Barataria Bay had moderate high overall eutrophic conditions, Breton/Chandeleur Sound and Lake
Pontchartrain were ranked as having moderate overall eutrophic conditions, the Mississippi River had
moderately low overall eutrophic conditions, and Mississippi Sound and Lake Borgne had overall low
eutrophic conditions (Bricker et al., 2007).

The passage of hurricanes and tropical storms serves to mix and transport waters. Winds can
transport coastal waters to the inner shelf or force waters with higher salinity inland. Winds and waves
resuspend bottom sediments, resulting in temporarily elevated levels of suspended solids in the water
column. Contaminants sequestered in sediments, for example, tributyltin (an active ingredient in
biocides), may be redistributed. Similarly, nutrients in sediments may be reintroduced into the water
column and result in increased phytoplankton activity. Physical mixing of the water column by storms
can also reoxygenate bottom waters and temporarily alleviate hypoxic conditions, as has been observed
on the Louisiana shelf (Walker and Rabalais, 2006).

Hurricanes Katrina and Rita caused extensive flooding and damage to industrial and municipal waste
facilities and to residential and commercial structures. Industrial and agricultural chemicals, household
chemicals, sewage, oil, and nutrients contained in the flood waters had the potential to degrade water
quality in coastal areas. The flood waters of New Orleans contained elevated bacterial levels and were
oxygen depleted, but it was generally typical of storm water when pumped into Lake Pontchartrain
(Pardue et al., 2005). Testing approximately 1 month following the storm identified low levels of fecal
coliform in Mississippi Sound and Louisiana coastal waters (USEPA, 2006). Coast Guard Sector New
Orleans received reports that more than 8 million gallons of crude oil were discharged throughout the
region (Keel et al., 2008). However, testing approximately 1 month following the hurricanes revealed
very few detectable toxics in estuarine or coastal waters resulting from the hurricanes (USEPA, 2006).

The condition of the Gulf Coast was altered by the DWH event and associated oil spill. The
Government estimated that approximately 4.9 MMbbl of oil were released from the well during the event
(Oil Spill Commission, 2011b) and 1.84 million gallons of dispersant were used to breakup and dilute the
oil subsea at the wellhead and on the surface (Oil Spill Commission, 2011c). As well, the correspondmg
emission of methane from the wellhead during the event was estimated between 9.14 x 10° and
1.29 x 10" moles (Kessler et al., 2011; Valentine et al., 2010). In coastal waters, the maximum extent of
surface water and shoreline 0|I|ng stretched from roughly the Louisiana-Texas border to Apalachicola,
Florida (Oil Spill Commission, 2011b, Figure 7.1). As well, a subsurface oil and gas plume was
discovered in deep waters between ~1,100 and 1,300 m (3,609 and 4,265 ft) (e.g., Diercks et al., 2010).
Based on in-situ fluorescence and oxygen measurements (likely indicators of oil concentration and
biodegradation, respectively), the subsurface plume traveled to the northeast of the wellhead and much
farther to the southwest, reaching as far west as approximately -93.0° (e.g., Kessler et al., 2011; see
supporting online material).

In general, coastal water quality would potentially not only be impacted by the oil, gas, and their
respective components from an accidental event but also to some degree from cleanup and mitigation
efforts. Increased vessel traffic, hydromodification (e.g., dredging, berm building, etc.) and the addition
of dispersants and methanol to the marine environment in an effort to contain, mitigate, or clean up the oil
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may also tax the environment to some degree. Fortunately, over time, natural processes can physically,
chemically, and biologically degrade oil (NRC, 2003). The physical processes involved include
evaporation, emulsification, and dissolution; the primary chemical and biological degradation processes
include photooxidation and biodegradation (i.e., microbial oxidation).

The oil that entered the Gulf of Mexico from the DWH event is a South Louisiana sweet crude oil
(i.e., it is low in sulfur) (USDOC, NOAA, 2010r). The oil is fairly high in alkanes (organic compounds
containing only carbon and hydrogen and single bonds; sometimes called paraffin or aliphatic
compounds) (USDOC, NOAA, 2010r). Because alkanes are simple hydrocarbons, these oils are likely to
undergo biodegradation more easily (USDOC, NOAA, 2010r). Weathering of crude can occur within the
first 24-48 hours with up to a 40 percent weight loss within 7 days (English, 2010). Also, this oil is less
toxic than other crude oils in general because this oil is lower in PAH’s than many crude oils.

The DWH event released natural gas into the water column in addition to oil. Methane is the primary
component of natural gas (Maina, 2005). Limited research is available for the biogeochemistry of
hydrocarbon gases in the marine environment (Patin, 1999, p. 233). Theoretically, methane could stay in
the marine environment for long periods of time (Patin, 1999, p. 237), as methane is highly soluble in
seawater at the high pressures and cold temperatures found in deepwater environments (NRC, 2003,
p. 108). Methane diffusing through the water column would likely be oxidized in the aerobic zone and
would rarely reach the air-water interface (Mechalas, 1974, p. 23). During the DWH event, methane and
oxygen distributions were measured at 207 stations throughout the affected region (Kessler et al., 2011).
Based on these measurements, it was concluded that, within ~120 days from the onset of release,
~3.0 x 10" to 3.9 x 10" moles of oxygen were respired, primarily by methanotrophs, and left behind a
residual microbial community containing methanotrophic bacteria. The researchers further suggested that
a vigorous deepwater bacterial bloom respired nearly all the released methane within this time and that by
analogy, large-scale releases of methane from hydrate in the deep ocean are likely to be met by a similarly
rapid methanotrophic response. Unfortunately, little is known about methane toxicity in the marine
environment, but there is concern as to how methane in the water column might affect fish (Chapter
4.2.1.18.1).

Extensive water and sediment sampling was performed in coastal waters during the DWH response.
Water and sediment samples were collected in the nearshore zone at multiple sites from Texas to Florida
for quantitative analysis of oil and oil-related compounds, dispersants, or by-products (OSAT, 2010).
The main nearshore sampling efforts were conducted by USEPA, USGS, and the Center for Toxicology
and Environmental Health (a BP contractor), with additional samples provided by other Federal and State
agencies. The nearshore sampling plan was designed to determine if the spill had contaminated the
sediments and surface waters with oil-related products and/or dispersant-related chemicals. A total of
6,090 water samples were considered for comparison with USEPA’s Human Health benchmarks. None
of the samples exceeded the USEPA benchmark for human health (child swimmer scenario). A total of
6,909 water and sediment samples were considered for comparison with USEPA’s Aquatic Life
benchmarks. Of these samples, a total of 41 nearshore water benchmark exceedances were observed
throughout the event. Based on oil fingerprinting, 13 of these samples were of indeterminate origin,
19 were considered not consistent with Mississippi Canyon Block 252 oil and 9 were deemed consistent
with Mississippi Canyon Block 252 oil. Only a small subset of the analyzed samples targeted areas of
observed surface oil, such as samples collected during the Dispersant Environmental Effects Project. A
total of 24 nearshore sediment benchmark exceedances were observed throughout the event. As with
water, fewer sediment benchmark exceedances were observed in USEPA Region 6 (Texas and Louisiana)
than in USEPA Region 4 (Alabama, Mississippi, and Florida). Of the total sediment exceedances,
9 samples were of indeterminate origin, 11 were considered not consistent with Mississippi Canyon Block
252 oil, and 4 were consistent with Mississippi Canyon Block 252 oil. Notably, no water or sediment
benchmark exceedances in the nearshore measured after August 3 (the last overflight observation of
surface oil) were consistent with Mississippi Canyon Block 252 oil.

One standard tool used in response to spilled oil on water is dispersants. The purpose of chemical
dispersants is to facilitate the movement of oil into the water column in order to encourage weathering
and biological breakdown of the oil (i.e., biodegradation) (NRC, 2005a; Australian Maritime Safety
Authority, 2010). If the oil moves into the water column and is not on the surface of the water, it is less
likely to reach sensitive shore areas (USEPA, 2010c). Since sea birds are often on the surface of the
water or in shore areas, dispersants are also considered to be very effective in reducing the exposure of
sea birds to oil (Australian Maritime Safety Authority, 2010). In addition to dispersion being enhanced
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by artificial processes, oil may also be dispersed through natural processes. For instance, microbial
metabolism of crude oil results in the dispersion of oil (Bartha and Atlas, 1983). Oil dispersion, as a spill-
response strategy, has both positive and negative effects. The positive effect is that the oil, once
dispersed, is more available to be degraded. The negative effect is that the oil, once dispersed, is more
available to microorganisms and temporarily increases the toxicity (Bartha and Atlas, 1983). The toxicity
of dispersed oil in the environment depends on many factors, including the effectiveness of the
dispersion, temperature, salinity, the degree of weathering, type of dispersant, and degree of light
penetration in the water column (NRC, 2005a). The toxicity of dispersed oil is primarily due to the toxic
components of the oil itself (Australian Maritime Safety Authority, 2010).

COREXIT 9500 and 9527 were used in response to the DWH event and resulting spill (USEPA,
2010c). The components of these dispersants are identical with the exception of the base solvent;
COREXIT 9527 has an organic solvent as a base (McDonald et al. 1984; USEPA, 2010c). Dispersants
used in the 1960’s were quite toxic, but more recently developed dispersants such as COREXIT are
considerably less toxic (Doe and Wells, 1978; Leahy and Colwell, 1990). Lindstrom and Braddock
(2002) found that environmental use of COREXIT 9500 could result in either increases or decreases in
the toxicity of residual oil through selective microbial mineralization of hydrocarbons. In fact, reviews of
studies have found that the general effectiveness of dispersants in enhancing biodegradation of crude oil
and individual hydrocarbons is highly variable and depends on several factors, including the chemical
formulation of the dispersant, its concentration, and the dispersant/oil application ratio (Boehm, 1983). A
recent study assessed the impacts of COREXIT EC9500A, which was widely deployed during the DWH
event, on microbial communities from a beach impacted by the spill (Hamdan and Fulmer, 2011). In
cultured laboratory samples spiked with dispersant, the findings suggest that hydrocarbon-degrading
bacteria could be impacted by very high dispersant concentrations (>1 mg/L), with potential implications
for the capacity of the environment to bioremediate spills. However, there was evidence that the
dispersants worked in dispersing oil at the wellhead in the case of the DWH event (USDOC, NOAA,
2010s; USEPA, 2010c). COREXIT 9527 has been shown to greatly increase volatile liquid hydrocarbons
incorporation into water, as well as to accelerate the process in experiments compared with observations
where no dispersant was used (McDonald et al. 1984). In fact, dispersants used during the DWH event
have been noted to reduce the volatile organic compounds that can be a workplace issue for response
workers on ships near the site (White House Press Briefing, 2010). Since the amount of dispersants used
for the spill resulting from the DWH event is unprecedented and since this is the first time dispersants
have been applied in such quantities on the surface in deep waters, and at the depth of the well itself,
continual monitoring and evaluation of their use is imperative to be sure, for example, that hypoxic
conditions are not reached in subsurface waters (White House Press Briefing, 2010). Note, however, that
hypoxic conditions were not reached during the DWH event in the subsurface plume (e.g., OSAT, 2010).

During the DWH response, sediment and water samples collected in the nearshore zone were
analyzed for a number of dispersant-related chemicals, including, but not limited to dipropylene glycol
n-butyl ether (DPnB), propylene glycol, and dioctylsulfosuccinate. Between May 13 and October 20,
2010, there were 4,850 water and 412 sediment samples collected in the nearshore zone (OSAT, 2010).
None of the concentrations of dispersant-related chemicals found in water samples collected during the
response exceeded USEPA’s benchmarks. Only 66 samples (60 water and 6 sediment) had detectable
levels of dispersant-related chemicals. DPnB was the most common detectable dispersant-compound and
was found in 57 of the 60 water samples; however, concentrations never exceeded 3 pg/L (cf. USEPA
screening level 1 mg/L). The presence of dispersant-related chemicals in water occurred all along the
Gulf Coast; however, a majority of the nearshore detects were encountered around Louisiana. Propylene
glycol was the only dispersant-related chemical detected in the sediments. Unfortunately, no benchmark
for dispersant indicator compounds in sediment exists; thus, the significance of these concentrations is
unknown.

It is currently impossible to estimate precisely the long-term impacts that the spill from the DWH
event will have on coastal water quality. Various monitoring efforts and environmental studies are
underway. More time is needed to fully assess the impacts of the DWH event. Although response efforts
decreased the fraction of oil remaining in Gulf waters and reduced the amount of oil contacting the
coastline, oil still remains in the environment (SCAT, 2011a and 2011b; OSAT-2, 2011). As such, there
remains some incomplete or unavailable information that may be relevant to reasonably foreseeable
impacts on coastal water quality. Much of this information relates to the DWH event and is continuing to
be collected and developed through the NRDA process. These data collection and research projects may



Description of the Environment and Impact Analysis 4-459

be years from completion. Few data or conclusions have been released to the public to date. Regardless
of the costs involved, it is not within BOEM’s ability to obtain this information from the NRDA process
within the timeline of this EIS. In light of this incomplete and unavailable information, BOEM subject-
matter experts have used credible scientific information that is available and applied it using scientifically
accepted methodology. Given the available data on sediments and water quality that have been released,
as described above, BOEM believes that this incomplete or unavailable information is not essential to a
reasoned choice among alternatives.

4.2.1.2.1.2. Impacts of Routine Events

Background/Introduction

The scenario information related to a CPA proposed action is presented in Table 3-3. The routine
activities associated with a CPA proposed action that would impact water quality include the following:

o discharges during drilling of exploration and development wells;

e structure installation and removal;

e discharges during production;

¢ installation of pipelines;

o workovers of wells,

e maintenance dredging of existing navigational canals;

e service vessel discharges; and

¢ nonpoint-source runoff from platforms and OCS Program-related vessels.

Proposed Action Analysis

Sediment disturbance and turbidity may result from nearshore pipeline installation or maintenance
dredging. The installation of pipelines can increase the local total suspended solids in the water. The
adverse effect on water quality would be temporary and localized. For the nearshore sections of OCS
pipelines, COE and State permits for constructing pipelines would require that turbidity impacts be
mitigated through the use of turbidity screens and other turbidity reduction or confinement equipment.
No new navigation channels are expected to be dredged as a result of a CPA proposed action, but a CPA
proposed action would contribute to maintenance dredging of existing navigation canals. Maintenance
dredging would temporarily increase turbidity levels in the vicinity of the dredging and disposal of
materials.

In coastal waters, the water quality would be impacted by the discharges from the service vessels in
port. Service-vessel round trips projected for a CPA proposed action are 94,000-168,000 trips over the
40-year life of a proposed action (Table 3-3). Based on current service-base usage, it is assumed the
majority of these trips would occur in Louisiana’s coastal waters. The types of discharges and regulations
are discussed in Chapters 3.1.2.2. Most discharges are treated or otherwise managed prior to release. In
coastal waters, bilge and ballast water may be discharged with an oil content of 15 ppm or less (33 CFR
151.10). The discharges would affect the water quality locally. However, regulations are becoming more
stringent. The USCG Ballast Water Management Program became mandatory for some vessels in 2004
(33 CFR 151 Subparts C and D) (USDHS, CG, 2010b). The goal of the program was designed to prevent
the introduction of nonindigenous (invasive) species that would affect local water quality. Furthermore,
USCG published the Ballast Water Discharge Standard Notice of Proposed Rulemaking in the Federal
Register on August 28, 2009. Additionally, the final Vessel General Permit, issued by USEPA, became
effective on December 19, 2008. This permit is in addition to already existing NPDES permit
requirements and now increases the NPDES regulations so that discharges incidental to the normal
operation of vessels operating as a means of transportation are no longer excluded unless exempted from
NPDES permitting by Congressional legislation (USEPA, 2011d).
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Up to one new gas processing plant is projected as a result of a CPA proposed action. In addition, a
CPA proposed action would contribute to the use of existing onshore facilities in Louisiana, Mississippi,
Alabama, and possibly Texas. These supporting onshore facilities would discharge into local wastewater
treatment plants and waterways during routine operations. The types of onshore facilities are discussed in
Chapter 3.1.2.1. All point-source discharges are regulated by USEPA, the agency responsible for coastal
water quality, or the USEPA-authorized State agency. The U.S. Environmental Protection Agency’s
NPDES storm-water effluent limitation guidelines control storm-water discharges from support facilities.
Indirect impacts could occur from nonpoint-source runoff, such as rainfall, which has drained from
infrastructure (e.g., a public road or parking lot) and may contribute hydrocarbons, trace-metal pollutants,
and suspended sediments. These indirect impacts would be minimal, as long as existing regulations are
followed, and difficult to discern from other sources.

Summary and Conclusion

The primary impacting sources to water quality in coastal waters are point-source and storm-water
discharges from support facilities, vessel discharges, and nonpoint-source runoff. These activities are not
only highly regulated but also localized and temporary in nature. The impacts to coastal water quality
from routine activities associated with a CPA proposed action should be minimal because of the distance
to shore of most routine activities, USEPA regulations that restrict discharges, and few, if any, new
pipeline landfalls or onshore facilities would be constructed.

4.2.1.2.1.3. Impacts of Accidental Events

Background/Introduction

Accidental events associated with a CPA proposed action that could impact coastal water quality
include spills of oil and refined hydrocarbons, releases of natural gas, usage of chemical dispersants in oil
spill response, spills of chemicals or drilling fluids, loss of well control, collisions, or other malfunctions
that would result in such spills. Chapter 3.2 discusses the accidental events that could result from the
impact-producing factors and scenario, with particular attention given to the risk of oil spills, response to
such oil spills, loss of well control, pipeline failures, vessel collisions, and chemical and drilling fluid
spills. A brief summary is presented here. The impacts of rare, catastrophic spills are discussed in
Appendix B. A catastrophic event would not be expected to occur in coastal waters because of lower
projected production volumes and faster response times, but a catastrophic spill in offshore waters could
affect coastal waters.

Proposed Action Analysis

Oil Spills and Natural Gas and Condensate Releases

Water quality is altered and degraded by oil spills through the increase of petroleum hydrocarbons
and their various transformation/degradation products in the water. The extent of impact from a spill
depends on the behavior and fate of oil in the water column (e.g., the movement of oil and the rate and
nature of weathering), which, in turn, depends on oceanographic and meteorological conditions at the
time (Appendices A.2 and A.3), as well as human-induced actions for minimizing spill impacts (e.g., the
use of chemical dispersants, in-situ burning, and containment booms/skimmers). Crude oils are not a
single chemical, but instead are complex mixtures with varied compositions. The various fractions within
the crude behave differently in water. Thus, the behavior of the oil and the risk that the oil poses to
natural resources depends on the composition of the specific oil encountered (Michel, 1992). Generally,
oils can be divided into three groups of compounds, with (1) light-weight, (2) medium-weight, and
(3) heavy-weight components. Chapter 3.2.1 further describes the characteristics of OCS oil and
discusses oil spills. Generally, the lighter ends of the oil are more water soluble and would contribute to
acute toxicity. As the spill weathers, the aromatic components at the water’s surface are more likely to
exit the water through evaporation. The heavier fractions are less water soluble and would partition to
organic matter. This fraction is more likely to persist in sediments and would contribute to longer-term
impacts, depending on variability in physical processes (such as storms), weathering, and biodegradation.



Description of the Environment and Impact Analysis 4-461

In addition to oil, natural gas may also be explored for or produced in the GOM. Wells and sidetracks
(smaller wells drilled as auxiliaries off main wells) may produce a mixture of both oil and natural gas.
Condensate is a liquid hydrocarbon phase that generally occurs in association with natural gas. The
quality and quantity of components in natural gas vary widely by the field, reservoir, or location from
which the natural gas is produced. Although there is not a “typical” makeup of natural gas, it is primarily
composed of methane (Maina, 2005). Thus, if natural gas were to leak into the environment, methane
may be released to the environment. Methane is a carbon source, such as oil, and its introduction into the
marine environment could result in lowering dissolved oxygen levels due to microbial degradation. For
example, the DWH oil spill resulted in the emission of an estimated 9.14 x 10° to 1.29 x 10*° moles of
methane from the wellhead (Kessler et al., 2011; Valentine et al., 2010), with maximum subsurface
methane concentrations of 183-315 um measured in May/June 2010 (Valentine et al., 2010; Joye et al.,
2011). This methane release corresponded to a measurable decrease in oxygen in the subsurface plume
due to respiration by a community of methanotrophic bacteria; however, hypoxic conditions were never
reached (OSAT, 2010). Note that methane released from the DWH was generally confined to the
subsurface, with minimal amounts reaching the atmosphere (Kessler et al., 2011; Ryerson et al., 2011b).
Unfortunately, little is known about the toxicity of natural gas and its components in the marine
environment, but there is concern as to how methane in the water column might affect fish (Chapter
4.2.1.18).

The National Academy of Sciences (NRC, 2003), Patin (1999), and Boesch and Rabalais (1987) have
reviewed the fate and effects of spilled oil and, to a lesser degree, natural gas releases. Chapter 3.2.1.7
presents the risk of coastal spills associated with a proposed action. Spills in coastal waters could occur at
storage or processing facilities supporting the OCS oil and gas industry or from the transportation of
OCS-produced oil through State offshore waters and along navigation channels, rivers, and through
coastal bays. For coastal spills, two additional factors that must be considered are the shallowness of the
area the spill is in and the proximity to shore. Spills in coastal waters are more likely to be in shallow
waters than offshore spills. Spills near the shore are less likely to be diluted since the volume of water in
shallow waters is less than in deep waters. Furthermore, spills are more likely to contact land as there is
less distance from the spill to land and less time for the oil to weather before it reaches the shore. Since
oil does not mix with water and is usually less dense, most of the oil forms a slick at the surface. Small
droplets in the water may adhere to suspended sediment and be removed from the water column. Oil may
also penetrate sand on the beach or be trapped in wetlands, where it can be re-released into the water
some time after the initial spill, such as due to resuspension during storm events.

Oil-Spill Response and Chemical Dispersants

In the case of an accidental event, it is likely that response efforts would reduce the amount of oil.
Chapter 3.2.1.9 provides a further discussion of oil-spill-response considerations. Coastal water quality
would not only be impacted by the oil, gas, and their respective components but also to some degree from
cleanup and mitigation efforts. Increased vessel traffic, hydromodification (e.g., dredging, berm building,
boom deployment, etc.), and the addition of dispersants and methanol to the marine environment in an
effort to contain, mitigate, or clean up the oil may also tax the environment to some degree.

One standard tool used in response to spilled oil on water is dispersants. Dispersants are not
preauthorized for use in coastal areas (NRC, 2005a), but it is possible that the use of dispersants in
offshore spills may have effects on coastal environments. The purpose of chemical dispersants is to
facilitate the movement of oil into the water column in order to encourage weathering and biological
breakdown of the oil (i.e., biodegradation) (NRC, 2005a; Australian Maritime Safety Authority, 2010).

A large volume of chemical dispersants was applied during the DWH oil spill, equaling 1.84 million
gallons of dispersant used to breakup and dilute the oil subsea at the wellhead and on the surface (Oil
Spill Commission, 2011c). The only dispersant formulation used was the Corexit® series, which contains
a complex mixture of monomeric and polymeric surfactants including dioctylsulfosuccinate,
polyoxyethylene sorbitan mono- and trioleates, and sorbitan monooleates (Getzinger and Ferguson,
2011). While dispersants were not used in the nearshore sampling zone as part of the response, there
were concerns that dispersant-related chemicals could be transported into the nearshore zone. Sediment
and water samples collected in the nearshore zone were analyzed for a number of dispersant-related
chemicals, including, but not limited to dipropylene glycol n-butyl ether (DPnB), propylene glycol, and
dioctylsulfosuccinate. Between May and mid-October 2010, there were 4,850 water and 412 sediment
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samples collected in the nearshore zone (OSAT, 2010). None of the concentrations of dispersant-related
chemicals found in water samples collected during the response exceeded USEPA’s benchmarks. Only
66 samples (60 water and 6 sediment) had detectable levels of dispersant-related chemicals. The DPnB
was the most common detectable dispersant-compound and was found in 57 of the 60 water samples;
however, concentrations never exceeded 3 ug/L (cf. USEPA screening level 1 mg/L). The presence of
dispersant-related chemicals in water occurred all along the Gulf Coast; however, a majority of the
nearshore detects were encountered around Louisiana. Propylene glycol was the only dispersant-related
chemical detected in the sediments. Unfortunately, no benchmark for dispersant indicator compounds in
sediment exists; thus, the significance of these concentrations is unknown. A recent study assessed the
impacts of COREXIT EC9500A, which was widely deployed during the DWH event, on microbial
communities from a beach impacted by the spill (Hamdan and Fulmer, 2011). In cultured laboratory
samples spiked with dispersant, the findings suggest that hydrocarbon-degrading bacteria could be
impacted by very high dispersant concentrations (>1 mg/L), with potential implications for the capacity of
the environment to bioremediate spills.

Through the use of dispersants, if the oil moves into the water column and is not on the surface of the
water, it is less likely to reach sensitive shore areas (USEPA, 2010c). The toxicity of dispersed oil in the
environment depends on many factors, including the effectiveness of the dispersion, temperature, salinity,
the degree of weathering, type of dispersant, and degree of light penetration in the water column (NRC,
2005a). The toxicity of dispersed oil is primarily due to the toxic components of the oil itself (Australian
Maritime Safety Authority, 2010).

Fortunately, over time, natural processes can physically, chemically, and biologically degrade oil
(NRC, 2003). The physical processes involved include evaporation, adsorption, emulsification, and
dissolution; the primary chemical and biological degradation processes include photooxidation and
biodegradation (i.e., microbial oxidation).

Chemical Spills

A study of chemical spills from OCS activities determined that accidental releases of zinc bromide
and ammonium chloride could potentially impact the marine environment (Boehm et al., 2001). Both of
these chemicals are used for well treatment or completion and are not in continuous use; thus, the risk of a
spill is small. Most other chemicals are either relatively nontoxic or used in such small quantities that a
spill would not result in measurable impacts. Zinc bromide is of particular concern because of the toxic
nature of zinc. Close to the release point of an ammonium chloride spill, the ammonia concentrations
could exceed toxic levels.

Pipeline Failures

A pipeline failure would result in the release of crude oil, condensate, or natural gas; the impacts of
which are discussed above. Pipeline failures are discussed in more detail in Chapter 3.2.3.

Fuel Qil Spills from Collisions

A collision may result in the spillage of crude oil, refined products such as diesel or chemicals. Crude
oil and chemicals are discussed in the preceding paragraphs. Diesel is the type of refined hydrocarbon
spilled most frequently as the result of a collision. Minimal impacts result from a spill since diesel is light
and will evaporate, naturally disperse, and/or biodegrade within a few days (USDOC, NOAA, 2006). A
collision could result in the release of up to the entire contents of the fuel tanks. Since collisions occur
infrequently, the potential impacts to coastal water quality are not expected to be significant.

Summary and Conclusion

Accidental events associated with a CPA proposed action that could impact coastal water quality
include spills of oil and refined hydrocarbons, releases of natural gas and condensate, usage of chemical
dispersants in oil-spill response, and spills of chemicals or drilling fluids. The loss of well control,
pipeline failures, collisions, or other malfunctions could also result in such spills. Although response
efforts may decrease the amount of oil in the environment, the response efforts may also impact the
environment through, for example, increased vessel traffic, hydromodification, and application of
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dispersants. Natural degradation processes would also decrease the amount of spilled oil over time. For
coastal spills, two additional factors that must be considered are the shallowness of the area and the
proximity of the spill to shore. Over time, natural processes can physically, chemically, and biologically
degrade oil. Chemicals used in the oil and gas industry are not a significant risk in the event of a spill
because they are either nontoxic, used in minor guantities, or are only used on a noncontinuous basis.
Spills from collisions are not expected to be significant because collisions occur infrequently.

4.2.1.2.1.4. Cumulative Impacts

Activities in the cumulative scenario that could impact coastal water quality generally include the
broad categories of a proposed action and the OCS Program, State oil and gas activity, the activities of
other Federal agencies (including the military), natural events or processes, and activities related to the
direct or indirect use of land and waterways by the human population (e.g., urbanization, agricultural
practices, coastal industry, and municipal wastes). Many of these categories would cause some of the
same specific impacts (e.g., vessel traffic would occur for all of those categories except natural
processes).

Sediment disturbance and turbidity may result from nearshore pipeline installation, maintenance
dredging, disposal of dredge materials, sand borrowing, sediment deposition from rivers, and hurricanes.
Turbidity is also influenced by the season. These impacts may be the result of Gulfwide OCS-related
activities, State oil and gas activities, the activities of other Federal agencies, and natural processes.
Dredging projects related to restoration or flood prevention measures may be directed by the Federal
Government for the benefit of growing coastal populations. The COE and State permits would require
that the turbidity impacts due to pipeline installation be mitigated by using turbidity screens and other
turbidity reduction or confinement equipment. These impacts generally degrade water quality locally and
are not expected to last for long periods of time.

Vessel discharges can degrade water quality. Vessels may be service vessels supporting a proposed
action, OCS-related activities, or State oil and gas activities. However, the vessels may also be vessels
used for shipping, fishing, military activities, or recreational boating. Fortunately, for many types of
vessels, most discharges are treated or otherwise managed prior to release through regulations
administered by USCG and/or USEPA, and many regulations are becoming more stringent. For example,
the USCG Ballast Water Management Program, which was designed to prevent the introduction of
invasive species, became mandatory for some vessels in 2004 (33 CFR 151 Subparts C and D) (USDHS,
CG, 2010b). Furthermore, USCG published the Ballast Water Discharge Standard Notice of Proposed
Rulemaking in the Federal Register on August 28, 2009. Additionally, the final Vessel General Permit,
issued by USEPA, became effective on December 19, 2008. This permit is in addition to already existing
NPDES permit requirements and now increases the NPDES regulations so that discharges incidental to
the normal operation of vessels operating as a means of transportation are no longer excluded unless
exempted from NPDES permitting by Congressional legislation (USEPA, 2011d). These regulations
should minimize the cumulative impacts of vessel activities.

Erosion and runoff from nonpoint sources degrade water quality. Nonpoint-source runoff from
onshore support facilities could result from OCS-related activities as well as State oil and gas activities
and other industries and coastal development. The leading source of contaminants that impair coastal
water quality is urban runoff. Urban runoff can include suspended solids, heavy metals and pesticides, oil
and grease, nutrients, and organic matter. Urban runoff increases with population growth, and the Gulf
Coast region has experienced a 109 percent population growth since 1970, with an additional expected
15 percent increase by 2020 (USDOC, NOAA, 2011a). The natural emptying of rivers into the GOM as
part of the water cycle may introduce chemical and physical factors that alter the condition of the natural
water through both natural and anthropogenic sources, such as the addition of waterborne pollutants and
inflowing waters of different temperature, as well as inputs to the GOM from groundwater discharge and
precipitation. Nutrients carried in waters of the Mississippi River contribute to seasonal formation of the
hypoxic zone on the Louisiana-Texas shelf. Recently, USEPA has proposed the first set of nutrient
standards; the first set of standards is for the State of Florida (USEPA, 2010l). The proposed new water
quality standards would set a series of numeric nutrient (nitrogen and phosphorus) limitations for
Florida’s lakes, rivers, streams, springs, and canals. The USEPA has regulatory programs designed to
protect the waters that enter the Gulf, including regulation of point-source discharges. The USEPA has
authorized the Gulf Coast States to administer the State NPDES programs. If these and other water
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quality programs and regulations continue to be administered and enforced, it is not expected that
additional oil and gas activities would adversely impact the overall water quality of the region.

Water quality in coastal waters of the northern Gulf of Mexico is also highly influenced by season.
Seasonality influences salinity and dissolved oxygen, nutrient content, temperature, pH and Eh,
pathogens, turbidity; metals, and organic compounds.

Since the marine environment is a dynamic system, sediment quality and water quality can affect
each other. For example, a contaminant may react with the mineral particles in the sediment and be
removed from the water column (e.g., adsorption). 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 or a storm event), the resuspension can lead to a temporary shift
in water quality, including a localized and temporal release of any formally sorbed metals as well as
nutrient recycling (Caetano et al., 2003; Fanning et al., 1982).

Accidental releases of oil, gas, or chemicals would degrade water quality during and after the spill
until either the spill is cleaned up or natural processes degrade or disperse the spill. These accidental
releases could be a result of a CPA proposed action, ongoing OCS activity, State oil and gas activity, the
transport of commaodities to ports, and/or coastal industries. The impacts of rare, catastrophic spills are
discussed in Appendix B. A catastrophic event would not be expected to occur in coastal waters, but a
catastrophic spill in offshore waters could affect coastal waters. For example, the DWH oil spill impacted
coastal waters and sediments in Louisiana, Mississippi, Alabama, and Florida. The extent of impact from
a spill depends on the release location and the behavior and fate of oil in the water column (e.g., the
movement of oil and the rate and nature of weathering), which, in turn, depends on oceanographic and
meteorological conditions at the time (Appendices A.2 and A.3). The effect on coastal water quality
from spills estimated to occur from a CPA proposed action are expected to be minimal relative to the
cumulative effects from hydrocarbon inputs from other sources such as river outflow, industrial
discharges, and bilge water releases, as discussed in the National Research Council’s report QOil in the Sea
(NRC, 2003).

A major hurricane can result in a greater number of coastal oil and chemical spill events with
increased spill volume and oil-spill-response times. In the case of an accidental event, it is likely that
response efforts would reduce the amount of oil. Chapter 3.2.1.9 provides further discussion of oil-spill-
response considerations. Coastal water quality would not only be impacted by the oil, gas, and their
respective components but also to some degree from cleanup and mitigation efforts. Increased vessel
traffic, hydromodification (e.g., dredging, berm building, boom deployment, etc.) and the addition of
dispersants and methanol to the marine environment in an effort to contain, mitigate, or clean up the oil
may also tax the environment to some degree.

Summary and Conclusion

Water quality in coastal waters would be impacted by sediment disturbance and suspension (i.e.,
turbidity), vessel discharges, erosion, runoff from nonpoint-source pollutants (including river inflows),
seasonal influences, and accidental events. These impacts may be a result of a CPA proposed action and
the OCS Program, State oil and gas activity, the activities of other Federal agencies (including the
military), natural events or processes, or activities related to the direct or indirect use of land and
waterways by the human population (e.g., urbanization, agricultural practices, coastal industry, and
municipal wastes). The impacts resulting from a CPA proposed action are a small addition to the
cumulative impacts on the coastal waters of the Gulf because non-OCS activities, including vessel traffic,
erosion, and nonpoint source runoff, are cumulatively responsible for a majority of coastal water impacts.
Increased turbidity and discharge from a CPA proposed action would be temporary in nature and
minimized by regulations and mitigation. Since a catastrophic OCS Program-related accident would be
rare and not expected to occur in coastal waters, the impact of accidental spills is expected to be small.
The incremental contribution of the routine activities and accidental events associated with a proposed
action to the cumulative impacts on coastal water quality is not expected to be significant.
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4.2.1.2.2. Offshore Waters

4.2.1.2.2.1. Description of the Affected Environment

The Gulf of Mexico is the ninth largest waterbody in the world (USDOC, NOAA, 2008a). Over 150
rivers empty out of North America into the Gulf of Mexico (Gore, 1992, p. 127). The majority of this
input is accounted for by the two largest United States Deltas, the Mississippi and the 5-river Mobile Bay
System (Gore, 1992, p. 127). The river deltas emptying into the Gulf bring freshwater and sediment into
coastal waters (Gore, 1992, pp. 127-131), which affects the water quality of receiving waters. Rivers
carry excess nutrients (e.g., nitrogen and phosphorus), as well as other possible inputs such as
contaminants from industrial wastewater discharge, downstream; this effect is cumulative as the river
reaches an estuary (Gore, 1992, pp. 280 and 291). The emptying of rivers into the GOM is part of the
hydrologic cycle or water cycle (USDOI, GS, 2010a). Understanding this cycle not only explains the
movement of water on Earth but also how water quality might be affected by both natural and
anthropogenic sources. The water cycle may introduce components into the GOM through waterbodies
emptying into the GOM, runoff, groundwater discharge, or precipitation. Water quality can be affected
by not only chemical processes but also by physical and biological processes. For example, the water
quality of the Gulf of Mexico is influenced by the physical oceanography of the Gulf of Mexico, which is
described in Appendix A.2. Besides nutrients, water quality is generally gauged by measuring a series of
parameters commonly including, but not limited to, temperature, salinity, dissolved oxygen, pH, Eh,
pathogens, and turbidity. Water quality may also examine possible pollutants such as metals and organic
compounds.

The water offshore of the Gulf’s coasts can be divided into two regions: shallow (<1,000 ft; 305 m)
and deep water (>1,000 ft; 305 m). Waters on the continental shelf (0-200 m; 0-656 ft) and slope
(200-2,000 m; 656-6,562 ft) are heavily influenced by the Mississippi and Atchafalaya Rivers, the
primary sources of freshwater, sediment, nutrients, and pollutants from a huge drainage basin
encompassing 55 percent of the continental U.S. (Murray, 1998). The presence or extent of a nepheloid
layer, a body of suspended sediment at the sea bottom (Kennet, 1982, p. 524), affects water quality on the
shelf and slope. 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). These anticyclonic eddies can entrain and transport high turbidity shelf waters farther offshore
over deep Gulf waters. Cold-core cyclonic eddies (counterclockwise rotating) 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 Appendix A.2.

Seawater generally averages pH 8 at the surface due to marine systems being buffered by carbonates
and bicarbonates. However, in the open waters of the Gulf of Mexico, pH ranges from approximately
8.1 to 8.3 at the surface (Gore, 1992, p. 87). The pH decreases to approximately 7.9 at a depth of 700 m
(2,297 ft), and in deeper waters, it increases again to approximately 8.0 (Gore, 1992, p. 87).

The salinity at the sea surface in the offshore central Gulf of Mexico is generally 36 ppt (Gore, 1992,
p. 81). Lower salinities are characteristic nearshore where freshwater from the rivers mix with Gulf
waters. For example, salinity can decrease to less than 25 ppt near inlets due riverine inputs (Gore, 1992,
p. 81). Salinity also varies seasonally. For example, salinity in open water near the coast may vary
between 29 and 32 psu during fall and winter but decline to 20 psu during spring and summer due to
increased runoff (USDOI, MMS, 2000a) (practical salinity units [psu] are similar to parts per thousand
[ppt], but not identical).

Temperatures in the Gulf of Mexico vary seasonally. The average summer surface temperature is
approximately 29 °C (84 °F) (Gore, 1992, p. 79). In winter, temperature in the northern Gulf is 19 °C
(65 °F) and in the southern portion of the Gulf, it is about 24 °C (75 °F) (Gore, 1992, p. 79). However,
temperatures may dip lower during cold fronts. In winter, seawater is well mixed vertically (Gore, 1992,
p. 80). At other times, sea-surface temperatures can vary from temperatures at depth. In the summer,
warm water may be found from the surface down to a certain depth known as the thermocline. Below this
depth, the temperature becomes cooler and therefore the water becomes denser (Gore, 1992, pp. 79-80).
In the Gulf, the thermocline may be found anywhere from just below the surface to 160 ft (50 m) deep.
Seawater also gets colder in deep water. Below 1,000 m (about 3,300 ft), temperatures are the coldest in
the Gulf at <4.4 °C (40 °F).
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Dissolved oxygen enters the upper waters (~100-200 m; 328-656 ft) of the Gulf of Mexico through
the atmosphere and photosynthesis (Jochens et al., 2005). In deep waters, dissolved oxygen is introduced
through the transport and mixing of oxygen-rich watermasses into the Gulf of Mexico from the Caribbean
Sea through the Yucatan Channel (Jochens et al., 2005). The Gulf of Mexico does not have watermass
formation to replenish the deep oxygen concentrations (Jochens et al., 2005). Thus, the deep circulation
of the Gulf of Mexico and its related mixing are the mechanisms that replenish the deep oxygen (Jochens
et al., 2005). Oxidation of organic matter is the major oxygen sink in the Gulf of Mexico (Jochens et al.,
2005). The Gulf of Mexico has an oxygen minimum zone, which is generally located from 300 to 700 m
(984 to 2,297 ft) (Jochens et al., 2005).

The zone of hypoxia on the Louisiana-Texas shelf is the largest zone in the United States and the
entire western Atlantic Ocean (Turner et al., 2005; Figure 4-3). The oxygen-depleted bottom waters
occur seasonally and are affected by the timing of the Mississippi and Atchafalaya Rivers’ discharges
carrying nutrients and freshwater to shelf surface waters. The formation of the hypoxic zone is attributed
to a combination of riverborne nutrient inputs supporting phytoplankton growth and shelf stratification,
which limits aeration of bottom waters. The hypoxic conditions last until local wind-driven C|rculat|on
mixes the water again. The areal extent of mid- -summer hypOX|a has ranged from 40 to 22,000 km? (15 to
8,494 mi?) and averaged approximately 13, 500 km? (5, 212 mi®) during 1985-2007 (Greene et al., 2009).
The 2010 GOM dead zone covered 20,000 km? (7,722 mi?), making it one of the largest ever (LUMCON
2011). Record spring flooding of the Mississippi River was expected to result in one of the largest
recorded hypoxic zones, but the zone was smaller than expected due to strong winds and waves
associated with Tropical Storm Don. Variability in mid-summer hypoxic area was modeled using
riverine discharge, nitrate loading, and total phosphorus loading and resulted in hypoxia area predictions
to within £30 percent (Greene et al., 2009).

Separate zones of hypoxia have been discovered in other shelf regions. A hypoxic zone was observed
5-15 mi (8-24 km) off the coast of Texas and is likely the result of freshwater inputs generated in Texas
and summer upwelling. In 2007, a Texas-created dead zone was discovered and attributed to excessive
rainfall and runoff into the Brazos River (LUMCON, 2010). As well, regions of the Mississippi Bight
(located just east of the MISSISSIppI River Delta) have been affected by low oxygen bottom waters. For
example, a hypoxic zone of 200 km? (72 mi?)was revealed on an August 2006 cruise between the 10- and
20-m isobaths south of Horn and Petit Bois Islands (Brunner, 2007).

The priority, water quality issues identified by the Gulf of Mexico Alliance are as follows:
(1) reducing risk of exposure to disease-causing pathogens; (2) minimizing occurrence and effects of
harmful algal blooms; (3) identifying sources of mercury in Gulf seafood; and (4) improving the
monitoring of Gulf water resources (Gulf of Mexico Alliance, 2009a). In addition to water quality itself,
nutrients and nutrient impacts are also a regional priority issue for the organization (Gulf of Mexico
Alliance, 2009b).

As with coastal waters, water and sediments on the shelf and slope are greatly affected by runoff.
Runoff may include any number of pollutants such as nutrients, pesticides and other organic chemicals,
and metals. The National Research Council (2003, Table I-4, p. 237) estimated that, on average,
approximately 26,324 bbl of oil per year entered Gulf waters from petrochemical and oil refinery
industries in Louisiana and Texas. The Mississippi River introduced approximately 3,680,938 bbl of oil
and grease per year from land-based sources (NRC, 2003, Table 1-9, p. 242) into the waters of the Gulf of
Mexico. As well, shelf waters or sediments off the coast of Louisiana contain variable concentrations of
organic pollutants including polynuclear aromatic hydrocarbons (PAH’s), herbicides such as Atrazine,
chlorinated pesticides, and polychlorinated biphenyls (PCB’s), and trace inorganic (metals) pollutants
(Turner et al., 2003). The source of these contaminants is primarily the river water that feeds into the
area. The concentrations of chlorinated pesticides and PCB’s, which are associated with suspended
particulates and sediment, continue to decline since their use has been discontinued.

Offshore waters, especially deeper waters, are more directly affected by natural seeps that are located
in offshore waters of the Gulf of Mexico. Hydrocarbons enter the Gulf of Mexico through natural seeps
in the Gulf of Mexico at a rate of approximately 980,392 bbl per year (a range of approximately
560,224-1,400,560 bbl per year) (NRC, 2003, p. 191). Hydrocarbons from natural seeps are considered to
be the highest contributor of petroleum hydrocarbons to the marine environment (NRC, 2003, p. 33).
Produced water (formation water) is the largest waste stream by volume from the oil and gas industry that
enters Gulf waters. Produced water is commonly treated to separate free oil and is either injected back
into the reservoir or discharged overboard according to NPDES permit limits. The NRC has estimated
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the quantity of oil in produced water entering the Gulf per year to be 473,000 bbl (NRC, 2003, p. 200,
Table D-8). These numbers were generated from converting the units reported in the noted reference and
do not imply any level of significance.

Since the marine environment is a dynamic system, sediment quality and water quality can affect
each other. For example, a contaminant may react with the mineral particles in the sediment and be
removed from the water column (e.g., adsorption). 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 or a storm event), the resuspension can lead to a temporary redox
flux, including a localized and temporal release of any formally sorbed metals as well as nutrient
recycling (Caetano et al., 2003; Fanning et al., 1982). However, resuspension events are less likely in
deepwater environments. Deepwater sediments, with the exception of barium concentrations in the
vicinity of previous drilling, do not appear to contain elevated levels of metal contaminants (USDOI,
MMS, 1997 and 2000a). The western Gulf has lower levels of total organic carbon and hydrocarbons in
sediment, particularly those from terrestrial sources, than the central Gulf (Gallaway and Kennicutt,
1988). Reported total hydrocarbons, including biogenically derived (e.g., from biological sources), in
sediments collected from the Gulf slope range from 5 to 86 nanograms/gram (Kennicutt et al., 1987).
Hydrocarbons in sediments have been determined to influence biological communities of the Gulf slope,
even when present in trace amounts (Gallaway and Kennicutt, 1988).

A 3-year, environmental baseline study conducted from 1974 to 1977 in the eastern GOM resulted in
an overview of the Mississippi, Alabama, and Florida (MAFLA) OCS environment to 200 m (656 ft)
(State University System of Florida, Institute of Oceanography, 1977; Dames & Moore, Inc., 1979).
Analysis of water, sediments, and biota for hydrocarbons indicated that the MAFLA area is relatively
pristine, with some influence of anthropogenic and petrogenic hydrocarbons from river sources. Analysis
of trace metal contamination for the trace metals analyzed (barium, cadmium, chromium, copper, iron,
lead, nickel, vanadium, and zinc) also indicated no contamination. A decade later, the continental shelf
off Mississippi and Alabama was revisited (Brooks, 1991). Bottom sediments were analyzed for high-
molecular-weight hydrocarbons and heavy metals. High-molecular-weight hydrocarbons can come from
natural petroleum seeps at the seafloor or recent biological production as well as input from
anthropogenic sources. In the case of the Mississippi-Alabama shelf, the source of petroleum
hydrocarbons and terrestrial plant material is the Mississippi River. Higher levels of hydrocarbons were
observed in the late spring, which coincides with increased river influx. The sediments, however, are
washed away later in the year, as evidenced by low hydrocarbon values in winter months. Contamination
from trace metals was not observed (Brooks, 1991).

Several studies have addressed offshore water and sediment quality in deep waters. Water at depths
>1,400 m (4,593 ft) is relatively homogeneous with respect to temperature, salinity, and oxygen (Nowlin,
1972; Pequegnat, 1983; Gallaway et al., 1988; Jochens et al., 2005). Limited analyses of trace metals and
hydrocarbons for the water column and sediments exist (Trefry, 1981; Gallaway et al., 1988).
Continental Shelf Associates, Inc. (CSA) completed an Agency-funded field study of four drilling sites
located in water depths of 1,033-1,125 m (3,389-3,691 ft) (CSA, 2006). The sampling design called for
before and after exploratory or development drilling and captured the drilling-related changes that occur
in sediments and sediment pore water. Chemical impacts of drilling were detected at all four sites.
Impacts noted within the near-field zone included elevated barium, SBF, total organic carbon (TOC)
concentrations, and low sediment oxygen levels. At the Viosca Knoll Block 916 site, the closest drilling
activity had occurred 1.4 mi (2.3 km) north-northwest and 2 years prior to the study; no drilling had ever
been performed at the Viosca Knoll Block 916 site. The site was located at a water depth of 1,125 m
(3,691 ft) and 70 mi (120 km) from the mouth of the Mississippi River. At this relatively pristine
location, mean concentrations of sediment barium increased by ~30-fold at near-field stations following
exploratory drilling (from 0.108% to 3.32%). As well, mean concentrations of sediment mercury and
total PAH increased in the near-field from 71 to 90 nanograms/gram and 232 to 279 nanograms/gram,
respectively. At this site, sediment cadmium concentrations did not change significantly following
exploratory drilling.

The condition of the Gulf Coast was altered by the DWH event and associated oil spill. The
Government estimated that approximately 4.9 MMbbl of oil were released from the well during the event
(Oil Spill Commission, 2011b) and 1.84 million gallons of dispersant were used to breakup and dilute the
oil subsea at the wellhead and on the surface (Oil Spill Commission, 2011c). As well, the correspondin%
emission of methane from the wellhead during the event was estimated between 9.14x 10° and 1.29 x 10"
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moles (Kessler et al., 2011; Valentine et al., 2010). In coastal waters, the maximum extent of surface
water and shoreline oiling stretched from roughly the Louisiana-Texas border to Apalachicola, Florida
(Oil Spill Commission, 2011b, Figure 7.1). As well, a subsurface oil and gas plume was discovered in
deep waters between ~1,100 and 1,300 m (3,609 and 4,265 ft) (e.g., Diercks et al., 2010). Based on in-
situ fluorescence and oxygen measurements (likely indicators of oil concentration and biodegradation,
respectively), the subsurface plume traveled to the northeast of the wellhead and much farther to the
southwest, reaching as far west as approximately -93.0° (e.g., Kessler et al., 2011; see supporting online
material).

Offshore water quality would not only be impacted by the oil, gas, and their respective components
but also to some degree from cleanup and mitigation efforts. Increased vessel traffic, hydromodification,
and the addition of dispersants, methanol, and water-based drilling mud to the marine environment in an
effort to contain, mitigate, or clean up the oil may also tax the environment to some degree. Fortunately,
over time, natural processes can physically, chemically, and biologically degrade oil (NRC, 2003). The
physical processes involved include evaporation, emulsification and dissolution; the primary chemical
and biological degradation processes include photooxidation and biodegradation (i.e., microbial
oxidation).

The oil that entered the Gulf of Mexico from the DWH event is a South Louisiana sweet crude oil
(i.e., it is low in sulfur) (USDOC, NOAA, 2010r). The oil is fairly high in alkanes (organic compounds
containing only carbon and hydrogen and single bonds, sometimes called paraffin or aliphatic
compounds) (USDOC, NOAA, 2010r). Because alkanes are simple hydrocarbons, these oils are likely to
undergo biodegradation more easily (USDOC, NOAA, 2010r). Weathering of crude can occur within the
first 24-48 hours with up to a 40 percent weight loss within 7 days (English, 2010). Also, this oil is less
toxic than other crude oils in general because this oil is lower in PAH’s than many crude oils.

The DWH event released natural gas into the water column in addition to oil. Methane is the primary
component of natural gas (Maina, 2005). Limited research is available for the biogeochemistry of
hydrocarbon gases in the marine environment (Patin, 1999, p. 233). Theoretically, methane could stay in
the marine environment for long periods of time (Patin, 1999, p. 237) as methane is highly soluble in sea
water at the high pressures and cold temperatures found in deepwater environments (NRC, 2003, p. 108).
Methane diffusing through the water column would likely be oxidized in the aerobic zone and would
rarely reach the air-water interface (Mechalas, 1974, p. 23). During the DWH event, methane and oxygen
distributions were measured at 207 stations throughout the affected region (Kessler et al., 2011). Based
on these measurements, it was concluded that, within ~120 days from the onset of release, ~3.0 x 10" to
3.9 x 10" moles of oxygen were respired, primarily by methanotrophs, and left behind a residual
microbial community containing methanotrophic bacteria. The researchers further suggested that a
vigorous deepwater bacterial bloom respired nearly all the released methane within this time and that, by
analogy, large-scale releases of methane from hydrate in the deep ocean are likely to be met by a similarly
rapid methanotrophic response. However, lively debate continues over these findings (Joye et al., 2011;
Kessler et al., 2011). Unfortunately, little is known about methane toxicity in the marine environment,
but there is concern as to how methane in the water column might affect fish (Chapter 4.2.1.18.1).

As in coastal waters, extensive water and sediment sampling was performed in offshore waters by the
DWH response (OSAT, 2010). Note that the following is a synthesis of data from the offshore (shelf)
and deepwater sampling zones in the OSAT report, separated by the 200-m isobath. Approximately
700 water and 250 sediment samples collected in shelf waters from May through October 2010 were
analyzed in the OSAT report. Chronic and acute aquatic life ratios were calculated for all samples in
which PAH compounds were analyzed. Six water samples in shelf waters exceeded the USEPA chronic
aquatic life benchmark, and one of these exceeded the acute aquatic life benchmark during May-June
2010. No shelf water samples exceeded the benchmark after August 3, 2010. In shelf sediment samples,
none of the samples exceeded the USEPA chronic aquatic life benchmark. In the deepwater sampling
zone, water and sediment samples were collected by a number of vessels (NOAA, BP contract, and
academic) operating both in the vicinity of the wellhead and in the far field. Approximately 4,000 water
and sediment samples from the deepwater zone were analyzed in the OSAT report. In the deepwater
zone, there was a total of 70 exceedances of aquatic life benchmarks for PAH’s in water and
7 exceedances in sediment. Chronic exceedances in water samples in deepwater potentially associated
with Mississippi Canyon Block 252 oil were constrained to within approximately 70 km (43 mi) of the
wellhead and to approximately two depths (the near-surface and the subsurface between ~1,100 and
1,300 m [3,609 and 4,265 ft]). Quantitative results indicate that deposits of drilling mud-entrained oil
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remained near the wellhead. Seven sediment samples within 3 km (2 mi) of the wellhead collected since
August 3, 2010, exceeded aquatic life benchmarks for PAH’s, with oil concentrations of 2,000-5,000
ppm.

One tool that was used in response to the oil leaking into the Gulf of Mexico from the DWH event
was dispersants. The purpose of chemical dispersants is to facilitate the movement of oil into the water
column in order to encourage weathering and biological breakdown of the oil (i.e., biodegradation) (NRC,
2005a; Australian Maritime Safety Authority, 2010). The amounts of dispersant sprayed at the surface
and injected at the wellhead were 1,072,514 gallons and 771,272 gallons, respectively (USDHS, CG,
2010c). The fate of this dispersant remains under study. If the oil moves into the water column and is not
on the surface of the water, it is less likely to reach sensitive shore areas (USEPA, 2010c). In addition to
dispersion being enhanced by artificial processes, oil may also be dispersed through natural processes.
For example, microbial metabolism of crude oil results in the dispersion of oil (Bartha and Atlas, 1983).
Dispersion has both positive and negative effects. The positive effect is that the oil, once dispersed, may
be more available to be degraded (however, we note that contrary findings for beached oil were presented
by Hamdan and Fulmer, 2011). The negative effect is that the oil, once dispersed, has an increased
distribution and surface area, increasing the exposure of organisms to oil in the water column (Bartha and
Atlas, 1983). Toxicity of dispersed oil in the environment would depend on many factors, including the
effectiveness of the dispersion, temperature, salinity, the degree of weathering, type of dispersant, and the
degree of light penetration in the water column (NRC, 2005a). The toxicity of dispersed oil is primarily
due to the toxic components of the oil itself (Australian Maritime Safety Authority, 2010).

A large volume of chemical dispersants was applied during the DWH oil spill, equaling 1.84 million
gallons of dispersant used to breakup and dilute the oil subsea at the wellhead and on the surface (Oil
Spill Commission, 2011c). The only dispersant formulation used was the Corexit® series, which contains
a complex mixture of monomeric and polymeric surfactants including dioctylsulfosuccinate,
polyoxyethylene sorbitan mono- and trioleates, and sorbitan monooleates (Getzinger and Ferguson,
2011). While dispersants were not used in the nearshore sampling zone as part of the response, there
were concerns that dispersant-related chemicals could be transported into the nearshore zone. Sediment
and water samples collected in the nearshore zone were analyzed for a number of dispersant-related
chemicals, including, but not limited to dipropylene glycol n-butyl ether (DPnB), propylene glycol, and
dioctylsulfosuccinate. Between May and mid-October 2010, there were 4,850 water and 412 sediment
samples collected in the nearshore zone (OSAT, 2010). None of the concentrations of dispersant-related
chemicals found in water samples collected during the response exceeded USEPA’s benchmarks. Only
66 samples (60 water and 6 sediment) had detectable levels of dispersant-related chemicals. The DPnB
was the most common detectable dispersant-compound and was found in 57 of the 60 water samples;
however, concentrations never exceeded 3 pg/L (cf. USEPA screening level 1 mg/L). The presence of
dispersant-related chemicals in water occurred all along the Gulf Coast; however, a majority of the
nearshore detects were encountered around Louisiana. Propylene glycol was the only dispersant-related
chemical detected in the sediments. Unfortunately, no benchmark for dispersant indicator compounds in
sediment exists; thus, the significance of these concentrations is unknown. A recent study assessed the
impacts of COREXIT EC9500A, which was widely deployed during the DWH event, on microbial
communities from a beach impacted by the spill (Hamdan and Fulmer, 2011). In cultured laboratory
samples spiked with dispersant, the findings suggest that hydrocarbon-degrading bacteria could be
impacted by very high dispersant concentrations (>1 mg/L), with potential implications for the capacity of
the environment to bioremediate spills.

COREXIT 9500 and 9527 were used in the DWH event response (USEPA, 2010c). The components
of these dispersants are identical, with the exception of the base solvent; COREXIT 9527 has an organic
solvent as a base (McDonald et al., 1984; USEPA, 2010c). Dispersants used in the 1960’s were quite
toxic, but more recently developed dispersants such as COREXIT are considerably less toxic (Doe and
Wells, 1978; Leahy and Colwell, 1990). Lindstrom and Braddock (2002) found that environmental use of
COREXIT 9500 could result in either increases or decreases in the toxicity of residual oil through
selective microbial mineralization of hydrocarbons. In fact, reviews of studies have found that the
general effectiveness of dispersants in enhancing biodegradation of crude oil and individual hydrocarbons
is highly variable and depends on several factors, including the chemical formulation of the dispersant, its
concentration, and the dispersant/oil application ratio (Boehm, 1983). However, there was evidence that
the dispersants worked in the case of the DWH event (USDOC, NOAA, 2010s; USEPA, 2010c).
COREXIT 9527 has been shown to greatly increase volatile liquid hydrocarbons’ incorporation into water
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as well as to accelerate the process in experiments compared with if no dispersant was used (McDonald et
al., 1984). In fact, dispersants used during the DWH event were noted to reduce the volatile organic
compounds, which can be a workplace issue for response workers on ships near the site (White House
Press Briefing, 2010). Since the amount of dispersants used in the DWH event is unprecedented and
since this is the first time dispersants have been applied in deep waters, continual monitoring and
evaluation of their use is imperative to be sure, for example, that hypoxic conditions are not reached in
subsurface waters (White House Press Briefing, 2010). Note, however, that hypoxic conditions were not
reached during the DWH event in the subsurface plume (e.g., OSAT, 2010).

As part of the DWH response, the OSAT (2010) report analyzed results from water and sediment
samples analyzed for dispersant-related chemicals collected from June through October 2010. Deepwater
samples were analyzed for the dispersant-related chemicals 2-Butoxyethanol, DPnB, and propylene
glycol. Screening levels exist for dispersant compounds in water only. The dispersant-related chemical
measured predominantly in the deepwater zone was DPnB, with a benchmark for DPnB in water of
1,000 pg/L (1 ppm). Of the 4,114 total water samples that were analyzed for dispersants in deepwater,
353 samples contained measurable amounts of DPnB. The range in detected DPnB concentrations was
0.0170-113.4 ug/L (mean 4.3 pg/L), with all samples significantly below the chronic screening level.
Peaks in DPnB detects were observed in two distinct layers, at the surface and in the subsurface
(1,100-1,300 m; 3,609-4,265 ft) similar to distributions of exceedances of the aquatic life benchmark for
PAH’s. Of 440 shelf water samples analyzed, there were no exceedances of dispersant-related
benchmarks for individual compounds. Approximately half of these samples did have detections of
dispersant-related chemicals. In shelf sediment samples, there was only one detection of a dispersant-
related chemical out of 243 samples.

As a result of physical dispersion and/or subsea dispersant injection, subsurface plumes of dispersed
oil would likely occur near blowout sites in deep, offshore waters. In a review of deep oil-spill modeling
activities, Adams and Socolofsky (2005) concluded that jets of oil and gas will break up into droplets and
bubbles upon release from an orifice and that ambient currents (or stratification) may cause formation of
subsurface oil and gas plumes. During the DWH event, a subsurface oil and gas plume was first
discovered in deep waters between ~1,100 and 1,300 m (3,609 and 4,265 ft) in early May 2010 (Diercks
et al., 2010). Dissolved oxygen levels are a concern with any release of a carbon source, such as oil and
natural gas, and became a particular concern during the DWH event since dispersants were used in deep
waters for the first time. Thus, USEPA required monitoring protocols in order to use subsea dispersants
(USDOC, NOAA, 2010s). In areas where plumes of dispersed oil were previously found, dissolved
oxygen levels decreased by about 20 percent from long-term average values in the GOM; however,
scientists reported that these levels stabilized and were not low enough to be considered hypoxic
(USDOC, NOAA, 2010t). The drop in oxygen, which did not continue over time, has been attributed to
microbial degradation of the oil. Studies during the spill indicated that bacteria were degrading
hydrocarbons from both gas and oil in the subsurface plume, with degradation rates varying based on time
and location (Camilli et al., 2010; Hazen et al., 2010; Valentine et al., 2010). Over time, as the oil
continued to degrade and diffuse, hypoxia became less of a concern. In fact, the 2010 hypoxic zone could
not be linked to the DWH event in either a positive or a negative manner (LUMCON, 2011).

During the DWH event, one of the earlier attempts to stop the oil from leaking from the well was a
procedure called a “top kill.” The top Kill involved using a top kill mud mix that was primarily composed
of barite, the heavy mineral used for its mass to hold pressure in the well string, as well as small amounts
of other components for hydrate control (Boland, official communication, 2011). This top kill mud mix
was really not a “drilling” mud at all, oil-based or water-based, because there was no reason to have
lubricating or other qualities needed for drilling as it was simply for weighting to try to contain the
blowout. This procedure was not successful and resulted in the release of some mud mix used for this
operation. However, BOEM research has shown that drilling mud discharges do not move very far, even
when discharged at the surface (CSA, 2006).

It is currently impossible to estimate precisely whether there will be long-term impacts from the
DWH spill on offshore water quality. The DWH event and resulting spill occurred in offshore waters and
was of considerable magnitude. Various monitoring efforts and environmental studies are underway.
Although response efforts decreased the fraction of oil remaining in Gulf waters and reduced the amount
of oil contacting the coastline, oil still remains in the offshore environment, albeit at levels that were
considered not actionable by USCG (OSAT, 2010). As such, there is incomplete or unavailable
information that may be relevant to reasonably foreseeable impacts on offshore water quality. This
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information includes data and analyses that may be forthcoming after the DWH event and is continuing to
be collected and developed through the NRDA process. These data collection and research projects may
be years from completion. Few data or conclusions have been released to the public to date. Regardless
of the costs involved, it is not within BOEM’s ability to obtain this information from the NRDA process
within the timeline of this EIS. In light of this incomplete and unavailable information, BOEM subject-
matter experts have used credible scientific information that is available and applied it using scientifically
accepted methodology. Given the data samples that are available regarding water quality and sediments
after the DWH event, as described above, BOEM believes that this incomplete or unavailable information
is not essential to a reasoned choice among alternatives.

4.2.1.2.2.2. Impacts of Routine Events
Background/Introduction

The scenario information related to a CPA proposed action is presented in Table 3-3. The routine
activities associated with a CPA proposed action that would impact water quality include the following:

o discharges during drilling of exploration and development wells;

structure installation and removal;

e discharges during production;

¢ installation of pipelines;

e workovers of wells,

e maintenance dredging of existing navigational canals;
e service vessel discharges; and

e nonpoint-source runoff.

Proposed Action Analysis

The USEPA regulates discharges associated with offshore oil and gas exploration, development, and
production activities on the OCS under the Clean Water Act’s NPDES program. Regulated wastes
include drilling muds, drill cuttings, produced water, production solids such as produced sand, well
treatment fluids, well completion fluids, well workover fluids, sanitary wastes, domestic wastes, and
miscellaneous wastes (USEPA, 2009b). The U.S. Environmental Protection Agency’s NPDES general
permit for Region 6 (GMG290000) authorizes discharges from exploration, development, and production
facilities located in and discharging to Federal waters of the Gulf of Mexico seaward of the outer
boundary of the territorial seas offshore of Louisiana and Texas. The permit was reissued and went into
effect on October 1, 2007 (USEPA, 2007a) and will expire on September 30, 2012. This permit covers a
large portion of the CPA, as USEPA’s regional boundaries do not coincide with BOEM’s planning area
boundaries. The USEPA Region 4 issues individual and general permits covering facilities that discharge
in water depths seaward of 200 m (656 ft) occurring offshore the coasts of Alabama and Florida. The
western boundary of the coverage area is demarcated by Mobile and Viosca Knoll lease blocks located
seaward of the boundary of the territorial seas from the coasts of Mississippi and Alabama. The USEPA
Region 4’s NPDES general permit (GMG460000) for offshore oil and gas activities in Federal waters in
the eastern portion of the OCS of the Gulf of Mexico (off of the coast of Mississippi and eastward)
expired on December 31, 2009 (USEPA, 2009c). The USEPA Region 4 issued the new permit,
GEG460000, on March 15, 2010, and it expires on March 21, 2015 (USEPA, 2010m). The changes in
the new permit include the following: (1) the permit number; (2) requirements for cooling water intake
structures (similar requirements are already in effect in Region 6); (3) best management practices plan
requirements to address discharges of debris from blasting and painting activities; (4) clarifications of the
testing procedures for determining the degradation of nonaqueous base fluids in a marine, closed-bottle,
biodegradation test system; (5) clarifications for the reporting requirements for ratio values used to report
compliance with the sediment toxicity and biodegradation tests; and (6) the requirement to perform a
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seabed survey was deleted since the industry completed this study during the term of the previous permit
(USEPA, 2009c). Thus, the permit is similar to the previous permit with the exception of the
clarifications and more stringent requirements noted above.

The bulk of waste materials produced by offshore oil and gas activities are produced water (formation
water) and drilling muds and cuttings. All of these waste streams are regulated by USEPA through
NPDES permits. Characteristics of drilling muds and cuttings, the impacts of discharge, and regulatory
controls are discussed in greater detail in Chapter 3.1.1.4.1. A CPA proposed action is projected to
result in the drilling of a total of 168-329 exploratory and delineation wells and 215-417 development and
production wells (Table 3-3). Muds are the weighted fluids used to lubricate the drill bit, and cuttings are
the ground rock displaced from the well. Drilling muds generally consist of clays, barite, lignite, caustic
soda (sodium hydroxide), lignosulfonates, and a base fluid such as freshwater, saltwater, mineral oil,
diesel oil, or a synthetic oil (USDOI, BOEMRE, 2010h; NRC, 1983; USEPA, 2009b). However, the
exact formulas are complex and vary. Three general types of drilling muds have been used during drilling
operations: water-based drilling muds (WBM or WBF), oil-based drilling muds (OBM or OBF), and
synthetic-based drilling muds (SBM or SBF). The WBM and WBM-wetted cuttings may be discharged.
Historically, the industry has used primarily WBM because they are inexpensive. The OBM’s are used to
improve drilling performance in difficult situations, such as wells drilled in reactive shales, deep wells,
and horizontal and extended-reach wells. The base fluid for OBM is typically diesel or mineral oil.
Because these oils often contain toxic materials such as PAH’s, the discharge of OBM or cuttings wetted
with OBM is prohibited, and these muds are now rarely used in deepwater operations and are only
occasionally used on the shelf. The SBM’s were developed as a lower-toxicity alternative to OBM and
have mostly replaced their use. The base fluid is a synthetic material, typically an olefin or ester, free of
toxic PAH’s. Discharge of SBM is prohibited and, due to cost, is generally recycled (USEPA, 2009b).
However, SBM-wetted cuttings may be discharged after the majority of the SBM has been removed.
Water-based muds and cuttings that are discharged increase turbidity in the water column and alter the
sediment characteristics in the area where they settle (Neff, 2005). The SBF-wetted cuttings do not
disperse as readily in water and descend in clumps to the seafloor (Neff et al., 2000). The SBF on the
wetted cuttings gradually breaks down and may deplete the oxygen level at the sediment water interface
as it degrades (Neff et al., 2000).

During production, produced water is brought up from the hydrocarbon-bearing strata along with the
oil and gas that is generated. Characteristics of produced water, the impacts of discharge, and regulatory
controls are discussed in greater detail in Chapter 3.1.1.4.2. The scenario for the CPA projects that
215-417 development and production wells would be drilled, of which 81-156 are expected to be
producing oil wells and 108-241 are expected to be producing gas wells (Table 3-3). Greater volumes of
produced water are associated with oil than with gas production. In fact, a report on produced-water
volumes in the United States noted that 87 percent of produced water came from oil production (Clark
and Veil, 2009). Note, this same report identified that less than 3 percent of total U.S. produced water is
generated from Federal offshore activities. Produced water may contain dissolved solids, metals,
hydrocarbons, and naturally-occurring radionuclides in higher concentrations than Gulf waters (Veil et
al., 2004). Produced water may contain residuals from the treatment, completion or workover compounds
used, as well as additives used in the oil/water separation process (Veil et al., 2004). Produced water is
treated to meet NPDES requirements before it is discharged. Discharge requirements include required
dilution of the produced water. Additional chemical products are used to “workover,” treat, or complete a
well.  These wastes are regulated by USEPA through the NPDES program as noted above.
Characteristics of workover, treatment and production chemicals, the impacts of discharge, and regulatory
controls are discussed in greater detail in Chapter 3.1.1.4.3. Some examples of chemicals that might be
used to “workover” or treat a well include, but are not limited to, brines used to protect a well, acids used
to increase well production, and miscellaneous products used to separate water from oil, to prevent
bacterial growth, or to eliminate scale formation or foaming (Boehm et al., 2001). Completion fluids
consist of salt solutions, weighted brines, polymers, and various additives used to prevent damage to the
wellbore during operations that prepare the drilled well for hydrocarbon production (USEPA, 2009b).

During structure installation and removal, impacts from anchoring, mooring, pipeline and flowline
emplacement, and the placement of subsea production structures may occur. A CPA proposed action is
projected to result in the installation of 35-67 structures and the removal of 32-61 structures (Table 3-3).
A CPA proposed action is also projected to result in the installation of 130-2,075 km (~81-1,289 mi) of
pipeline. Additional information on bottom-area disturbance is available in Chapter 3.1.1.3.2.1. More
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specifically, a description of the pipeline installation is provided in Chapter 3.1.1.3.2. In the report titled
Brief Overview of Gulf of Mexico OCS Oil and Gas Pipelines: Installation, Potential Impacts, and
Mitigation Measures (Cranswick, 2001), the report states the following:

According to MMS regulations (30 CFR 250.1003(a)(1)), pipelines with diameters >8 5/8
inches that are installed in water depths <200 ft are to be buried to a depth of at least 3 ft
below the mudline. The regulations also provide for the burial of any pipeline, regardless
of size, if the MMS determines that the pipeline may constitute a hazard to other uses of
the OCS; in the GOM, the MMS has determined that all pipelines installed in water
depths <200 ft must be buried. The purpose of these requirements is to reduce the
movement of pipelines by high currents and storms, to protect the pipeline from the
external damage that could result from anchors and fishing gear, to reduce the risk of
fishing gear becoming snagged, and to minimize interference with the operations of other
users of the OCS. For lines 8 5/8 inches and smaller, a waiver of the burial requirement
may be requested and may be approved if the line is to be laid in an area where the
character of the seafloor will allow the weight of the line to cause it to sink into the
sediments (self-burial). For water depths <200 ft, any length of pipeline that crosses a
fairway or anchorage in Federal waters must be buried to a minimum depth of 10 ft
below mudline across a fairway and a minimum depth of 16 ft below mudline across an
anchorage area. Some operators voluntarily bury these pipelines deeper than the
minimum.

Any disturbance of the seafloor would increase turbidity in the surrounding water, but the increased
turbidity should be temporary and restricted to the area near the disturbance.

Service-vessel discharges include bilge and ballast water and sanitary and domestic waste. A CPA
proposed action is projected to result in 94,000-168,000 service-vessel round trips (Table 3-3). A marine
sanitation device is required to treat sanitary waste generated on the service vessel so that surrounding
water would not be impacted by possible bacteria or viruses in the waste (40 CFR 140 and 33 CFR 159).
The discharge of treated sanitary waste would still contribute a small amount of nutrients to the water. A
description of service-vessel operational wastes is provided in Chapter 3.1.1.4.10. Oil may contaminate
bilge and, although less likely, ballast water. The regulations for the control of oil discharges are in
33 CFR 151.10. The regulations state that bilge and ballast water may only be discharged with an oil
content of less than 15 ppm. The discharges would affect the water quality locally. However, regulations
regarding discharges from vessels are becoming increasingly stringent. The USCG Ballast Water
Management Program became mandatory for some vessels in 2004 (33 CFR 151 Subparts C and D)
(USDHS, CG, 2010b). The program was designed to prevent the introduction of nonindigenous
(invasive) species, which would affect local water quality. Furthermore, USCG published the Ballast
Water Discharge Standard Notice of Proposed Rulemaking in the Federal Register on August 28, 20009.
Additionally, the final Vessel General Permit, issued by USEPA, became effective on December 19,
2008. This permit is in addition to already existing NPDES permit requirements and now expands the
NPDES regulations so that discharges incidental to the normal operation of vessels operating as a means
of transportation are no longer excluded unless exempted from NPDES permitting by Congressional
legislation (USEPA, 2011d).

Summary and Conclusion

During exploratory activities, the primary impacting sources to offshore water quality are discharges
of drilling fluids and cuttings. During platform installation and removal activities, the primary impacting
sources to water quality are sediment disturbance and temporarily increased turbidity. Impacting
discharges during production activities are produced water and supply-vessel discharges. Regulations are
in place to limit the toxicity of the discharge components, the levels of incidental contaminants in these
discharges, and, in some cases, the discharge rates and discharge locations. Pipeline installation can also
affect water quality by sediment disturbance and increased turbidity. Service-vessel discharges might
include water with oil concentration of approximately 15 ppm as established by regulatory standards.
Any disturbance of the seafloor would increase turbidity in the surrounding water, but the increased
turbidity should be temporary and restricted to the area near the disturbance. There are multiple Federal
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regulations and permit requirements that would decrease the magnitude of these activities. Impacts to
offshore waters from routine activities associated with a CPA proposed action should be minimal as long
as regulatory requirements are followed.

4.2.1.2.2.3. Impacts of Accidental Events

Background/Introduction

Accidental events associated with a CPA proposed action that could impact offshore water quality
include spills of oil and refined hydrocarbons, releases of natural gas, usage of chemical dispersants in oil
spill response, spills of chemicals or drilling fluids, and loss of well control, collisions, or other
malfunctions that would result in such spills. Chapter 3.2 discusses the accidental events that could
result from the impact-producing factors and scenario, with particular attention given to the risk of oil
spills, response to such oil spills, loss of well control, pipeline failures, vessel collisions, and chemical
and drilling fluid spills. A brief summary is presented here. The impacts of rare, catastrophic spills are
discussed in Appendix B.

Proposed Action Analysis

Oil Spills and Natural Gas and Condensate Releases

Water quality is altered and degraded by oil spills through the increase of petroleum hydrocarbons
and their various transformation/degradation products in the water. Most of the oil spills that may occur
as a result of a CPA proposed action are expected to be <1 bbl (Table 3-12). The extent of impact from a
spill depends on the behavior and fate of oil in the water column (e.g., the movement of oil and the rate
and nature of weathering), which, in turn, depends on oceanographic and meteorological conditions at the
time (Appendices A.2 and A.3), as well as human-induced actions for minimizing spill impacts (e.g., use
of chemical dispersants, in-situ burning, and containment booms/skimmers). Crude oils are not a single
chemical, but instead are complex mixtures with varied compositions. The various fractions within the
crude behave differently in water. Thus, the behavior of the oil and the risk that the oil poses to natural
resources depends on the composition of the specific oil encountered (Michel, 1992). Generally, oils can
be divided into three groups of compounds, with (1) light-weight, (2) medium-weight, and (3) heavy-
weight components. Chapter 3.2.1 further describes the characteristics of OCS oil and discusses oil
spills. Generally, the lighter ends of the oil are more water soluble and would contribute to acute toxicity.
As the spill weathers, the aromatic components at the water’s surface are more likely to exit the water
through evaporation. The heavier fractions are less water soluble and would partition to organic matter.
This fraction is more likely to persist in sediments and would contribute to longer-term impacts.

In addition to oil, natural gas may also be explored for or produced in the GOM. Wells and sidetracks
(smaller wells drilled as auxiliaries off main wells) may produce a mixture of both oil and natural gas.
Condensate is a liquid hydrocarbon phase that generally occurs in association with natural gas. The
quality and quantity of components in natural gas vary widely by the field, reservoir, or location from
which the natural gas is produced. Although there is not a “typical” makeup of natural gas, it is primarily
composed of methane (Maina, 2005). Thus, if natural gas were to leak into the environment, methane
may be released to the environment. Methane is a carbon source, such as oil, and its introduction into the
marine environment could result in lowering dissolved oxygen levels due to increased mlcroblal
degradatlon For example, the DWH oil spill resulted in the emission of an estimated 9.14 x 10° to
1.29 x 10" moles of methane from the wellhead (Kessler et al., 2011; Valentine et al., 2010), with
maximum subsurface methane concentrations of 183-315 pum measured in May/June 2010 (Valentine
et al., 2010; Joye et al., 2011). This methane release corresponded to a measurable decrease in oxygen in
the subsurface plume due to respiration by a community of methanotrophic bacteria; however, hypoxic
conditions were never reached (OSAT, 2010). Note that methane released from the DWH was generally
confined to the subsurface, with minimal amounts reaching the atmosphere (Kessler et al., 2011; Ryerson
et al., 2011b). Unfortunately, little is known about the toxicity of natural gas and its components in the
marine environment, but there is concern as to how methane in the water column might affect fish
(Chapter 4.2.1.18.1).

Hydrogen sulfide (H,S), a toxic gas that is associated with certain formations in the GOM, could be
released with natural gas. Depending on the concentration and volume, an H,S release at the seafloor
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could negatively impact the water quality as the gas rises to the surface (Patin, 1999). Unlike methane,
H,S is water soluble and can cause hazardous pollution situations in the water environment, such as
leading to disturbances in the chemical composition of surface waters, with consequences for human
health and biota.

The National Academy of Sciences (NRC, 2003), Patin (1999), and Boesch and Rabalais (1987) have
reviewed the fate and effects of spilled oil and, to a lesser degree, natural gas releases. Chapters 3.2.1.5
and 3.2.1.6 present the risk of offshore spills associated with a proposed action. Oil spills at the water
surface may result from a platform accident. Subsurface spills are more likely to occur from pipeline
failure or a loss of well control. As noted above, the behavior of a spill depends on many things,
including the characteristics of the oil being spilled as well as oceanographic and meteorological
conditions. An experiment in the North Sea indicated that the majority of oil released during a deepwater
blowout would quickly rise to the surface and form a slick (Johansen et al., 2001). In such a case, impacts
from a deepwater oil spill would occur at the surface where the oil is likely to be mixed into the water and
dispersed by wind and waves. The oil would undergo natural physical, chemical, and biological
degradation processes including weathering. However, data and observations from the DWH event
challenged the previously prevailing thought that most oil from a deepwater blowout would quickly rise
to the surface. Measurable amounts of hydrocarbons (dispersed or otherwise) were detected in the water
column as subsurface plumes and on the seafloor in the vicinity of the release (e.g., Diercks et al., 2010;
OSAT, 2010). In the DWH subsurface plume, half-lives were estimated for petroleum hydrocarbons and
n-alkanes on the order of 1 month and several days, respectively, indicating the impacts of various
weathering processes (Reddy et al., 2011 and references therein). After the Ixtoc blowout in 1979, which
was located 50 mi (80 km) offshore in the Bay of Campeche, Mexico, some subsurface oil also was
observed dispersed within the water column (Boehm and Fiest, 1982); however, the scientific
investigations were limited (Reible, 2010). The water quality of offshore waters would be affected by the
dissolved components and oil droplets that are small enough that they do not rise to the surface or are
mixed down by surface turbulence. In the case of subsurface oil plumes, it is important to remember that
these plumes would be affected by subsurface currents, dilution, and natural physical, chemical, and
biological degradation processes including weathering.

Oil-Spill Response and Chemical Dispersants

In the case of an accidental event, it is likely that response efforts would reduce the amount of oil in
the environment. Chapter 3.2.1.9 provides a further discussion of oil-spill-response considerations.
Offshore water quality would not only be impacted by the oil, gas, and their respective components but
also to some degree from cleanup and mitigation efforts. Increased vessel traffic, top kill attempts
involving the use of drilling muds, and the addition of dispersants and methanol to the marine
environment in an effort to contain, mitigate, or clean up the oil may also tax the environment to some
degree.

Top kills use drilling muds, which are heavy due to the mineral component barite, in order to stop
flow from a well. Top kill methods would typically involve the use of water-based drilling muds, which
may be discharged to the ocean under normal operations as regulated by USEPA (USDOI, BOEMRE,
2010h). Depending on the success of the procedure, a portion of the mud could end up on the seafloor
since drilling mud discharges do not move far from where they are released (CSA, 2006). See
“Accidental Release of Drilling Fluids” below for more information. During the DWH event, a water-
based kill mud was used during multiple top kill procedures, which proved unsuccessful. The top kill
mud composition was almost all barite, with small amounts of other components for hydrate control.

One standard tool used in response to spilled oil on water is dispersants. The purpose of chemical
dispersants is to facilitate the movement of oil into the water column in order to encourage weathering
and biological breakdown of the oil (i.e., biodegradation) (NRC, 2005a; Australian Maritime Safety
Authority, 2010).

A large volume of chemical dispersants was applied during the DWH oil spill, equaling 1.84 million
gallons of dispersant used to breakup and dilute the oil subsea at the wellhead and on the surface (Oil
Spill Commission, 2011c). The only dispersant formulation used was the COREXIT® series, which
contains a complex mixture of monomeric and polymeric surfactants including the anionic surfactant
dioctylsulfosuccinate, polyoxyethylene sorbitan mono- and trioleates, and sorbitan monooleates
(Getzinger and Ferguson, 2011). Sediment and water samples collected in the offshore and deepwater
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zones were analyzed for a number of dispersant-related chemicals, with DPnB as the most commonly
detected (OSAT, 2010). Between May and mid-October 2010, a total of 4,916 water and sediment
samples were collected in the offshore and deepwater zones. Peaks in DPnB detects were observed in
two distinct layers in deep water, at the surface and in the subsurface (1,100-1,300 m; 3,609-4,265 ft),
similar to distributions for PAH’s. A total of 554 offshore and deepwater samples (552 water and
2 sediment) had detectable levels of dispersant-related chemicals. However, none of the concentrations of
dispersant-related chemicals found in water samples collected during the response exceeded USEPA’s
benchmarks. Only a small subset of the analyzed samples targeted areas of observed surface oil, such as
samples collected during the Dispersant Environmental Effects Project. Unfortunately, no benchmark for
dispersant indicator compounds in sediment exists; thus, the significance of these concentrations is
unknown. Concentrations of the dispersant DPnB in water samples collected during the response
decreased significantly with time.

Further research is needed to assess the fate and toxicity of dispersants released in the deep
subsurface. For example, benchmarks still need to be set by USEPA for chronic and acute toxicity levels
of dispersant-related chemicals in sediments (USEPA, 2010c). Without such benchmarks, it is difficult to
assess the impacts of these compounds on marine life in sediments. As well, recent research
demonstrated the application of high sensitivity analytical methods to study of dispersant-related
compounds in the subsurface plume during the DWH event (Kujawinski et al., 2011). These researchers
used ultrahigh-resolution mass spectrometry and liquid chromatography with tandem mass spectrometry
(LC/MS/MS) to identify and quantify one key ingredient of the dispersant, dioctylsulfosuccinate. They
showed that dioctylsulfosuccinate was sequestered in deepwater hydrocarbon plumes at 1,000-1,200 m
(3,281-3937 ft) water depth and persisted up to 300 km (186 mi) from the well, 64 days after deepwater
dispersant applications ceased. Note that the concentrations they observed were below those tested in
published toxicology assays (e.g., NRC, 2005a). Based on observed concentrations, the researchers
concluded that dioctylsulfosuccinate underwent negligible, or slow, rates of biodegradation in the affected
waters. These preliminary findings point to the need for further dispersant degradation studies, as well as
assessment of the fates and reactivities of the other dispersant-related compounds..

Through the use of dispersants, if the oil moves into the water column and is not on the surface of the
water, it is less likely to reach sensitive shore areas (USEPA, 2010c). The toxicity of dispersed oil in the
environment would depend on many factors, including the effectiveness of the dispersion, temperature,
salinity, the degree of weathering, type of dispersant, and the degree of light penetration in the water
column (NRC, 2005a). The toxicity of dispersed oil is primarily due to the toxic components of the oil
itself (Australian Maritime Safety Authority, 2010).

In addition to response efforts, the natural environment can attenuate some oil. The Gulf of Mexico
has numerous natural hydrocarbon seeps, as discussed in Chapter 3.1.1.7.1. Thus, the marine
environment can be considered adapted to handling small amounts of oil released over time.
Furthermore, over time, natural processes can physically, chemically, and biologically degrade oil (NRC,
2003). The physical processes involved include evaporation, adsorption, emulsification, and dissolution;
the primary chemical and biological degradation processes include photooxidation and biodegradation
(i.e., microbial oxidation).

Chemical Spills

A study of chemical spills from OCS activities determined that accidental releases of zinc bromide
and ammonium chloride could potentially impact the marine environment (Boehm et al., 2001). Both of
these chemicals are used for well treatment or completion and are not in continuous use; thus, the risk of a
spill is small. Most other chemicals are either relatively nontoxic or used in such small quantities that a
spill would not result in measurable impacts. Zinc bromide is of particular concern because of the toxic
nature of zinc. Close to the release point of an ammonium chloride spill, the ammonia concentrations
could exceed toxic levels.

Accidental Releases of Drilling Fluids

Drilling muds or fluids are the weighted fluids used to lubricate the drill bit. Drilling muds generally
consist of clays, barite, lignite, caustic soda (sodium hydroxide), lignosulfonates, and a base fluid such as
freshwater, saltwater, mineral oil, diesel oil, or a synthetic oil (USDOI, BOEMRE, 2010h; NRC, 1983;
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USEPA, 2009a); however, the exact formulas are complex and vary. The impacts of discharge and
regulatory controls of drilling muds are discussed in great detail in Chapter 3.1.1.4.1. Three general types
of drilling muds are used during drilling operations: predominantly water-based drilling muds (WBM or
WBF) and synthetic-based drilling muds (SBM or SBF), and less frequently oil-based drilling muds
(OBM or OBF). Accidental releases of drilling fluids would have similar effects as discharges. In
general, Continental Shelf Associates, Inc.’s research has shown that drilling mud discharges do not move
very far even when discharged at the surface (CSA, 2006); therefore, accidental releases of drilling muds
are not expected to move very far either. The WBM’s may be discharged, but those discharges are
regulated by the USEPA through NPDES permits. The WBM’s that are discharged increase turbidity in
the water column and alter the sediment characteristics in the area where they settle (Neff, 2005). The
base mud for OBM is typically diesel or mineral oil. Because these oils often contain toxic materials such
as PAH’s, the discharge of OBM or cuttings wetted with OBM is prohibited. Thus, an accidental release
of OBM’s could decrease water and sediment quality locally. The SBM’s were developed as an
alternative to OBM and, thus, the use of OBM’s has been decreasing. The base fluid is a synthetic
material, typically an olefin or ester, free of toxic PAH’s. Discharge of SBM itself is prohibited and, due
to cost, is generally recycled (USEPA, 2009b). However, SBM-wetted cuttings may be discharged after
the majority of the SBM has been removed. The SBF-wetted cuttings do not disperse as readily in water
and descend in clumps to the seafloor (Neff et al., 2000). The SBF on the wetted cuttings gradually
breaks down and may deplete the oxygen level at the sediment water interface as it degrades (Neff et al.,
2000). An accidental release of SBF is expected to behave similarly with the SBF sinking to the seafloor
adjacent to the release site and resulting in local anoxic conditions.

Pipeline Failures

A pipeline failure would result in the release of crude oil, condensate, or natural gas, the impacts of
which are discussed above. Pipeline failures are discussed in more detail in Chapter 3.2.3.

Fuel Oil Spills from Collisions

A collision may result in the spillage of crude oil, refined products such as diesel, or chemicals.
Crude oil and chemicals are discussed in the preceding paragraphs. Diesel is the type of refined
hydrocarbon spilled most frequently as the result of a collision. Minimal impacts result from a spill since
diesel is light and will evaporate, naturally disperse, and/or biodegrade within a few hours to a few days
(USDOC, NOAA, 2006). Impacts can be more serious when heaver oil is spilled, resulting in a
submerged spill and oil-contaminated sediments (Lehmann, 2006). This can occur when oil submerges as
a function of its inherent mass relative to that of the receiving water or when oil submerges as a function
of its inherent mass plus sediment. An example of such a spill occurred on November 11, 2005, in the
Gulf of Mexico when the double-hull tank barge DBL 152 collided with the submerged remains of a
pipeline service platform that collapsed during Hurricane Rita. The barge was carrying approximately
119,793 bbl (5,031,306 gallons) of a blended mixture of low API gravity (4.5) slurry oil, and as a result of
the incident, the bulk of the released oil sank to the bottom (USDOC, NOAA and ENTRIX, 2009). Since
collisions occur infrequently (USDOI, BOEMRE, 2011b), the potential impacts to offshore water quality
are not expected to be significant.

Loss of Well Control

A loss of well control is the uncontrolled flow of a reservoir fluid that may result in the release of gas,
condensate, oil, drilling fluids, sand, or water. The impacts of the release of gas, condensate, oil, and
drilling fluids are discussed above. A loss of well control includes events with no surface expression or
impact on water quality and events with a release of oil or drilling fluids. A loss of well control event
may also result in localized suspension of sediments, thus affecting water quality temporarily. Loss of
well control is a broad term that includes very minor well-control incidents up to the most serious well-
control incidents (Appendix B). Historically, most losses of well control have occurred during
development drilling operations, but losses of well control can happen during exploratory drilling,
production, well completions, or workover operations. Although losses of well control are an occasional
occurrence during operations on the OCS, only a few of these incidents lead to condensate/crude oil
spillage (USDOI, BOEMRE, AIB, 2011). During the period 1971-2009, 41,514 wells were drilled on the
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OCS and 249 well control incidents occurred, 50 of which resulted in the spillage of condensate/crude oil.
These spills ranged from minor to medium in size (<1 bbl to 450 bbl). The total spilled from these
50 incidents was 1,829 bbl or approximately 0.00001147 percent of the volume produced during this
period. Blowouts are a loss of well control subset of more serious incidents, with a greater risk of oil spill
or human injury. It is through the loss of well control that the volume and duration of a catastrophic oil
spill could occur as was the case with the DWH event. From 1971 to 2010, one well control incident
resulted in a spill volume of 1,000 bbl or more and that was the DWH event (USDOI, BOEMRE, AIB,
2011). Although there is an extremely low probability of a catastrophic spill event, the impacts of such an
event on water quality are addressed in Appendix B. Overall, since major losses of well control and
blowouts are rare events, potential impacts to offshore water quality are not expected to be significant
except in the rare case of a catastrophic event.

Summary and Conclusion

Accidental events associated with a CPA proposed action that could impact offshore water quality
include spills of oil and refined hydrocarbons, releases of natural gas and condensate, usage of chemical
dispersants in oil-spill response, spills of chemicals or drilling fluids, loss of well control, pipeline
failures, collisions, or other malfunctions that would result in such spills. Spills from collisions are not
expected to be significant because collisions occur infrequently. Overall, loss of well control events and
blowouts are rare events and of short duration, so potential impacts to offshore water quality are not
expected to be significant except in the rare case of a catastrophic event (Appendix B). Although
response efforts may decrease the amount of oil in the environment, the response efforts may also impact
the environment through, for example, increased vessel traffic and application of dispersants. Natural
physical, chemical, and biological processes would decrease the amount of spilled oil over time through
dilution, weathering, and degradation of the oil (NRC, 2003). Chemicals used in the oil and gas industry
are not a significant risk for a spill because they are either nontoxic, used in minor quantities, or are only
used on a noncontinuous basis. Although there is the potential for accidental events, a CPA proposed
action would not significantly change the water quality of the Gulf of Mexico over a large spatial or
temporal scale.

4.2.1.2.2.4. Cumulative Impacts

Activities in the cumulative scenario that could impact offshore water quality generally include the
broad categories of a proposed action and the OCS Program, the activities of other Federal agencies
(including the military), natural events or processes, State oil and gas activity, and activities related to the
direct or indirect use of land and waterways by the human population (e.g., urbanization, agricultural
practices, coastal industry, and municipal wastes). Although some of these impacts are likely to affect
coastal areas to a greater degree than offshore waters, coastal pollutants that are transported away from
shore would also affect offshore environments. Many of these categories noted above would have some
of the same specific impacts (e.g., vessel traffic would occur for all of these categories listed above except
natural processes).

Sediment disturbance and turbidity may result from pipeline installation, installation and removal of
platforms, discharges of muds and cuttings from drilling operations, disposal of dredge materials, sand
borrowing, sediment deposition from rivers, and hurricanes. Turbidity is also influenced by the season.
In offshore waters, these impacts may be the result of Gulfwide, OCS-related activities by other Federal
agencies, including the military, and natural processes. State oil and gas activities may have some effect
if they take place near offshore waters. Dredging projects related to restoration or flood prevention
measures may be directed by the Federal Government for the benefit of growing coastal populations.
These impacts generally degrade water quality locally and are not expected to last for long time periods.
Furthermore, discharges from drilling platforms are regulated by USEPA through the NPDES permit
process; thus, effects from these discharges should be limited.

Vessel discharges can degrade water quality. Vessels may be service vessels supporting a CPA
proposed action, OCS-related activities, or State oil and gas activities. However, the vessels may also be
vessels used for shipping, fishing, military activities, or recreational boating. State oil and gas activities,
fishing, and recreational boating would have fewer effects on offshore waters except for larger fishing
operations and cruise lines, as smaller vessels tend to remain near shore. Fortunately, for many types of
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vessels, most discharges are treated or otherwise managed prior to release through regulations
administered by USCG and/or USEPA, and many regulations are becoming more stringent. For example,
the USCG Ballast Water Management Program, which was designed to prevent the introduction of
invasive species, became mandatory for some vessels in 2004 (33 CFR 151 Subparts C and D) (USDHS,
CG, 2010b). Furthermore, USCG published the Ballast Water Discharge Standard Notice of Proposed
Rulemaking in the Federal Register on August 28, 2009. Additionally, the final Vessel General Permit,
issued by USEPA, became effective on December 19, 2008. This permit is in addition to already existing
NPDES permit requirements and now increases the NPDES regulations so that discharges incidental to
the normal operation of vessels operating as a means of transportation are no longer excluded unless
exempted from NPDES permitting by Congressional legislation (USEPA, 2011d). These regulations
should minimize the cumulative impacts of vessel activities.

Erosion and runoff from point and nonpoint sources degrade water quality. Nonpoint-source runoff
from onshore support facilities could result from OCS-related activities as well as State oil and gas
activities and other industries and coastal development. Although offshore waters would not be affected
as strongly as coastal waters since contaminants would be more diluted by the time they reached offshore
areas, in many cases this runoff would still contribute somewhat to the degradation of offshore waters.
Urban runoff can include suspended solids, heavy metals and pesticides, oil and grease, nutrients, and
organic matter. Urban runoff increases with population growth, and the Gulf Coast region has
experienced a 109 percent population growth since 1970, with an additional expected 15 percent increase
by 2020 (USDOC, NOAA, 2011a). The National Research Council (2003, Table 1-4, p. 237) estimated
that, on average, approximately 26,324 bbl of oil per year entered Gulf waters from petrochemical and oil
refinery industries in Louisiana and Texas. Chapter 3.1.1.7 discusses the various sources of petroleum
hydrocarbons that can enter the Gulf of Mexico in further detail. The natural emptying of rivers into the
GOM as part of the water cycle may introduce chemical and physical factors that alter the condition of the
receiving waters. The Mississippi River introduced approximately 3,680,938 bbl of oil and grease per
year from land-based sources (NRC, 2003, Table 1-9, p. 242) into the waters of the Gulf. Nutrients
carried in waters of the Mississippi River contribute to seasonal formation of the hypoxic zone on the
Louisiana-Texas shelf. Recently, USEPA has proposed the first set of nutrient standards, which are for
the State of Florida (USEPA, 2010l). The proposed new water quality standards would set a series of
numeric nutrient (nitrogen and phosphorus) limitations for Florida’s lakes, rivers, streams, springs, and
canals. The USEPA also regulates point-source discharges. The USEPA has various regulatory programs
designed to protect the waters that enter the Gulf. If these and other water quality programs and
regulations continue to be administered and enforced, it is not expected that additional oil and gas
activities would adversely impact the overall water quality of the region.

Offshore waters, especially deeper waters, are more directly affected by natural seeps since the
natural seeps in the Gulf of Mexico are located in offshore waters. Natural seeps are the result of natural
processes. Hydrocarbons enter the Gulf of Mexico through natural seeps at a rate of approximately
980,392 bbl/yr (a range of approximately 560,224-1,400,560 bbl/yr) (NRC, 2003, p. 191). Hydrocarbons
from natural seeps are considered to be the highest contributor of petroleum hydrocarbons to the marine
environment (NRC, 2003, p. 33). However, studies have shown that benthic communities are often
acclimated to these seeps and may even utilize them to some degree (NRC, 2003, references therein and
p. 33).

Discharges from exploration and production activities can degrade water quality in offshore waters.
The USEPA regulates discharges associated with offshore oil and gas exploration, development, and
production activities on the OCS under the Clean Water Act’s NPDES program. 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
(USEPA, 2009b). The bulk of waste materials produced by offshore oil and gas activities are produced
water (formation water) and drilling muds and cuttings. Produced water is the largest waste stream by
volume from the oil and gas industry that enters Gulf waters. The NRC has estimated the quantity of oil
in produced water entering the Gulf per year to be 11,905 bbl of oil contributed from 473,000,000 bbl of
produced water, with a resulting oil and grease discharge of approximately 11,905 bbl per year (NRC,
2003, p. 200, Table D-8). However, produced water is commonly treated to separate free oil and, as
noted above, is a regulated discharge. Since discharges from drilling and production platforms are
regulated by USEPA through the NPDES permit process, the effects from these discharges should be
limited.
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Since the marine environment is a dynamic system, sediment quality and water quality can affect
each other. For example, a contaminant may react with the mineral particles in the sediment and be
removed from the water column (e.g., adsorption). 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 a storm event), the resuspension can lead to a temporary redox flux,
including a localized and temporal release of any formally sorbed metals as well as nutrient recycling
(Caetano et al., 2003; Fanning et al., 1982).

Accidental releases of oil, gas, or chemicals would degrade water quality during and after the spill
until either the spill is cleaned up or natural processes degrade or disperse the spill. These accidental
releases could be a result of a CPA proposed action, ongoing OCS activity, State oil and gas activity, the
transport of commodities to ports, and/or coastal industries. Actions taking place directly in offshore
waters would generally have more significant impacts on offshore waters. The impacts of rare,
catastrophic spills are discussed in Appendix B. In the case of the DWH oil spill, large regions of surface
and subsurface waters in the CPA were impacted, and the long-term impacts of the spill are still being
assessed. The extent of impact from a spill depends on the location of release and the behavior and fate
of oil in the water column (e.g., the movement of oil and the rate and nature of weathering), which, in
turn, depends on oceanographic and meteorological conditions at the time (Appendices A.2 and A.3).
Chapter 4.2.1.2.2.3 contains more information on accidental releases. A major hurricane can result in a
greater number of spill events, with increased spill volume and oil-spill-response times. In the case of an
accidental event, it is likely that response efforts would reduce the amount of oil. See Chapter 3.2.1.9 for
further discussion of oil-spill-response considerations. Offshore water quality would not only be
impacted by the oil, gas, and their respective components but also to some degree from cleanup and
mitigation efforts. Increased vessel traffic and the addition of dispersants and methanol to the marine
environment in an effort to contain, mitigate, or clean up the oil may also tax the environment to some
degree.

Summary and Conclusion

Water quality in offshore waters may be impacted by sediment disturbance and suspension (i.e.,
turbidity), vessel discharges, erosion and runoff of nonpoint-source pollutants (including river inflows),
natural seeps, discharges from exploration and production activities, and accidental events. These
impacts may be a result of a CPA proposed action and the OCS Program, the activities of other Federal
agencies (including the military), private vessels, and natural events or processes. To a lesser degree,
these impacts may also be a result of State oil and gas activity or activities or related to the direct or
indirect use of land and waterways by the human population (e.g., urbanization, agricultural practices,
coastal industry, and municipal wastes). Routine activities that increase turbidity and discharges are
temporary in nature and are regulated; therefore, these activities would not have a lasting adverse impact
on water quality. In the case of a large-scale spill event, degradation processes in both surface and
subsurface waters would decrease the amount of spilled oil over time through natural processes that can
physically, chemically, and biologically degrade oil (NRC, 2003). The impacts resulting from a CPA
proposed action are a small addition to the cumulative impacts on the offshore waters of the Gulf, when
compared with inputs from natural hydrocarbon inputs (seeps), coastal factors (such as erosion and
runoff), and other non-OCS industrial discharges. The incremental contribution of the routine activities
and accidental discharges associated with a CPA proposed action to the cumulative impacts on offshore
water quality is not expected to be significant.

4.2.1.3. Coastal Barrier Beaches and Associated Dunes

The full analyses of the potential impacts of routine activities and accidental events associated with a
CPA proposed action and a proposed action’s incremental contribution to the cumulative impacts are
presented in this section. A summary of those analyses and their reexamination due to new information is
presented in the following sections. A brief summary of potential impacts follows. Routine activities
associated with a CPA proposed action, such as increased vessel traffic, maintenance dredging of
navigation canals, and pipeline installation, would cause negligible impacts and would not deleteriously
affect coastal barrier beaches and associated dunes. Indirect impacts from routine activities are negligible
and indistinguishable from direct impacts of onshore activities. The potential impacts from accidental
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events, primarily oil spills, associated with a CPA proposed action are anticipated to be minimal. The
incremental contribution of a CPA proposed action to the cumulative impacts to coastal barrier beaches
and associated dunes is expected to be small.

4.2.1.3.1. Description of the Affected Environment

The U.S. Gulf shoreline from the Mexican border to Florida is about 1,500 km (932 mi) long. Ocean
wave intensities around the Gulf are generally low to moderate. 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 ocean to the beach berm-
crest. The backshore is found between the beach berm-crest and the dunes, and it may be sparsely
vegetated. The berm-crest and backshore may occasionally be absent due to storm activity.

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.

Sand dunes and shorelines conform to environmental conditions found at its site. These conditions
usually include waves, currents, wind, and human activities. When Gulf waters are elevated by storms,
waves are generally larger and can overwash lower coastal barriers, creating overwash fans or terraces
behind and between the dunes. With time, opportunistic plants 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
of broad flats or coastal strands consists of scrubby woody vegetation, marshes, and maritime forests.
Saline and freshwater ponds may be found among the dunes and on the landward flats. Landward, 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.

Larger changes to barrier landforms are primarily due to storms, subsidence, deltaic cycles, longshore
currents, and human activities. Barrier landform configurations continually change, accreting and
eroding, in response to prevailing and changing 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, which is due to seasonal meteorological and wave-energy differences.
Noncyclical changes in landforms can be progressive, causing landform movement landward, seaward, or
laterally along the coast.

Lateral movement of barrier landforms is of particular importance. As headlands and beaches erode,
their sediments are transported offshore or laterally along the shoreline. Eroding headlands typically
extend sand spits that may enclose marshes or previously open, shallow Gulf waters. By separating
inshore waters from Gulf waters and slowing the dispersal of freshwater into the Gulf, movements of
barrier landforms contribute to the area and diversity of estuarine habitat along a coast. Most barrier
islands around the Gulf are moving laterally to some degree. Where this occurs, the receding end of the
island is typically eroding; the leading end accretes. These processes may be continuous or cyclic.

Accumulations and movements of sediments that make up barrier landforms are often described in
terms of regressive and transgressive sequences. Transgressive landforms dominate around the GOM. A
transgressive sequence moves the shore landward, allowing marine deposits to form on terrestrial
sediments. Transgressive coastal landforms around the Gulf have low profiles and are characterized by
narrow widths; low, sparsely vegetated, and discontinuous dunes; and numerous, closely spaced, active
washover channels. Landward movement or erosion of a barrier shoreline may be caused by any
combination of the following factors: subsidence, sea-level rise, storms, channels, groins, seawalls, and
jetties. Movement of barrier systems is not a steady process because the passage rates and intensities of
cold fronts and tropical storms, as well as intensities of seasons, are not constant (Williams et al., 1992).
A regressive sequence deposits terrestrial sediments over marine deposits, building land into the sea, as
would be seen during deltaic land-building processes. Regressive barriers have high and broad dune
profiles. These thick accumulations of sand may form parallel ridges.

The coastal environments discussed here are those barrier beaches, wetlands, and submerged
vegetation that might be impacted by activities resulting from a CPA proposed action. Geographically,
the discussion covers coastal areas that range from the Texas/Louisiana border through Alabama. Several
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geologic subareas are found along this coast and they vary biologically. The environmental descriptions
of this coast are organized into three geologic subareas: (1) the larger western portion of the Chenier
Plain that extends into eastern Texas and western Louisiana; (2) the Mississippi River Delta complex of
southeastern Louisiana; and (3) the barrier-island and Pleistocene Plain complex of Mississippi and
Alabama. The landmasses in these areas are relatively low, so some form broad flat plains with gradually
sloping topographies. Tides there are diurnal and micro-tidal. Tidal influences can be seen 25-40 mi
(40-64 km) inland in some areas of Texas, Louisiana, Mississippi, and Alabama due to large bay
complexes, channelization, and low topographies. Wind-driven tides are often dominant over the
minimal gravity tides that occur there.

The descriptive narrative for these resources in the CPA that follows reflects the post-storm and post-
DWH spill status of these resources. Barrier island and barrier beach formation are summarized in the
sections that follow.

The current discussion of the DWH event includes the identification of resources exposed to oil and
to what degree these resources were oiled based on available data. The information discussed is based on
information from the Shoreline Cleanup Assessment Team (SCAT) maps and reports that were publicly
available (OSAT, 2010 and OSAT-2, 2011); newspaper interviews; scientific magazines; and public,
State, and Federal resource agency Deepwater Horizon oil-spill-response sites available on the Internet.
Avreas that have had oil exposure are identified, as these are part of the existing condition of the resource.
No assumptions as to health of the resource are made here since monitoring and studies are ongoing. The
discussions relating to the potential effects of the DWH event presented here are based on past studies,
current interviews with scientists participating in field studies, and observation teams concerning the
types of possible effects the spill could have on these resources.

Chenier Plain

The Chenier Plain of eastern Texas and western Louisiana began developing about 3,000 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 gathered huge volumes of
mud and sand, and formed a shoreface that slopes very gently (almost imperceptibly) downward for a
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 and cause 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 the coast to
transgressive shorelines.

During periods when the course of the Mississippi River was at the western edge of its Deltaic Plain,
sediments from the river were carried westward by currents along the shore. This formed mudflats along
the Chenier Plain shoreline (Kemp, 1986). When the active river channel moved eastward and the
Chenier Plain lost most of its sediment supply, erosion reworked the mud deposits. This winnowed out
the finest materials and formed beachfront ridges (cheniers) along the coast, leaving remnants of the old
mudflats (now marshes) behind them. The present topography reflects multiple river mouth ridges
converging to form a single beachfront ridge between the river inlets (Gosselink et al., 1979). With the
increase of flow this century in the Atchafalaya River close to the western edge of the delta, fluvial
processes are again dominating the Chenier Plain, and mudflat development is occurring along its eastern
coast (Kemp, 1986). Today, the Red River and about 30 percent of the Mississippi River are diverted to
the Atchafalaya River. The diversions have increased the sediment load in the longshore currents that
generally move slowly westward along the coast.

The barrier beaches of the Chenier Plain are generally narrow, low, and sediment starved due to the
nature of coastal currents and the shoreface. Beach erosion has exposed relic marsh terraces that were
buried by past overwash events. The Chenier Plain also supports an extensive marshland interspersed
with large inland lakes formed in river valleys that were drowned after the last glaciation. When the sea
reached its present level, the shoreline was more landward. Hurricane Rita (2005) severely impacted the
shoreface and beach communities of Cameron Parish in southwest Louisiana. Some small towns in this
area have no standing structures remaining. A storm surge approaching 6 m (20 ft) caused beach erosion
and overwash, which flattened coastal dunes, depositing sand and debris well into the back marshes.
After Rita, Hurricane lke (2008) came ashore just west of the Texas/Louisiana border, severely impacting
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the eastern Chenier Plain near Cameron, Louisiana with a storm surge of 1-3 m (3-10 ft) that overtopped
the beach and severely impacted the Chenier Plain.

Coastal change includes both beach erosion and erosion of channels where water continues to flow
seaward to the Gulf of Mexico (Doran et al., 2009). In addition to the hurricane effects, the shoreline of
the Chenier Plain was exposed to dispersed oil from the DWH event. Based on the SCAT observation
maps available as of September 20, 2010, that portion of the Louisiana coastline from the area east of the
Chenier Plain to the Louisiana/Mississippi State boundary was exposed to oil. The shoreline was
untouched from this point to just east of Rockefeller Wildlife Refuge and Game Preserve (LA State
Highway 3147). Observations by the SCAT field observers noted no oil in these areas. A year later
(September 28, 2011) the shoreline was not identified by SCAT as showing oiling from the Chenier Plain
to just east of Rockefeller Wildlife Refuge and Game Preserve (LA State Highway 3147) (USDOC,
NOAA, 2011f [ERMA, September 28, 2011]). Since there is no publicly available archival information
on any changes to the Chenier Plain from oil exposure, it can only be reported that the areas were oiled
but to varying degrees and for varying durations. The oiled sites are still under observation and the
cleanup and monitoring operations are ongoing.

Mississippi River Delta Complex

The Mississippi Delta region comprises much of coastal Louisiana and adjacent Mississippi. It
stretches from the Atchafalaya Bay to the Chandeleur Islands and includes the New Orleans metropolitan
area. The Delta complex contains major river channels and levees, bayous, swamps, marshes, lakes, tidal
flats and channels, barrier islands, and shallow sea environments. Most barrier shorelines of the
Mississippi River Delta in Louisiana 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 an excellent example of
this situation. Gradually, woodland vegetation became established on the dune sands (e.g., oaks and
oleander). Salty meadows, marshes, and lagoons occupy the lower terrain. Today, the Mississippi River
is channelized through the Belize Delta, more commonly known as the Birdsfoot Delta. Channelization
isolated the river from most of this sixth (Birdsfoot) delta, except near the distributary mouths. There, a
small fraction of the river’s sediment load is contributed to longshore currents for building and
maintaining barrier shores. The bulk of river sediments are deposited in deep water, where they cannot be
reworked and contribute to the longshore sediment drift. 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
steepest shoreface of the delta is found at the Caminada-Moreau Coast, where the greatest rates of erosion
occur. At this site, the longshore currents split to the east and west, which removes sand from the area
without replenishment (Wolfe et al., 1988; Wetherell, 1992; Holder and Lugo-Fernandez, 1993).

Regressive shorelines do occur in Louisiana’s deltaic region. The diversion at the Atchafalaya River
has allowed the transport of large volumes of sediment into the shallow Atchafalaya Bay. There, inland
deltas are forming at the mouths of the Atchafalaya River and Wax Lake Outlet. Satellite photography of
these deltas reveals that dredge-disposal islands were constructed off Point au Fer in shallow water
(3-5ft; 1-2 m) at the mouth of Atchafalaya Bay. If the Atchafalaya River Delta continues to build
seaward as expected, these islands and the surrounding shallows would provide the foundations for a
future barrier shoreline in this area.

Barrier island chains 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. The cumulative areas and rates of landloss from these
ephemeral features are to some extent expected because present physical conditions are different from
those that existed when the islands first formed. For example, during the past few thousand years
sediment supply has diminished, rates of relative sea-level rise have increased, and hurricanes and winter
storms have been frequent events that generate extremely energetic waves capable of permanently
removing sediment from the islands. These processes continuously act in concert, increasing the rates of
beach erosion and reducing the area of coastal land.

At greatest risk of further degradation are the barrier islands associated with the Mississippi Delta;
these include the Chandeleur-Breton Island, Timbalier Island, and Isle Dernieres chains in Louisiana.
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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. Small shoreline regressions occur as a result of jetties located on
the eastern end of Grand lIsle, the western end of Caminada-Moreau Beach, the Empire navigational
canal, and elsewhere in Louisiana. Most dune zones of the Mississippi River Delta contain low, single-
line dune ridges that may be sparsely to heavily vegetated. Generally in this area, the vegetation on a
dune ridge gets denser as the time between storms lengthens. Unfortunately, the past decade had an
increase in tropical storm activity for the project area.

Hurricane Katrina (2005) caused severe erosion and landloss for the coastal barrier islands of the
Deltaic Plain. The eye of Hurricane Katrina passed directly over the 50-mi (80-km) Chandeleur Island
chain. Aerial surveys conducted by USGS on September 1, 2005, show that these islands were heavily
damaged by the storm (USDOI, GS, 2005). The Chandeleur Islands were reduced by Hurricane Katrina
from 5.64 mi? to 2.5 mi? (14.61 km? to 6.5 km?) and then to 2.0 mi? (5.2 km? by Hurricane Rita
(Di Silvestro, 2006). Grand Isle received extremely high winds and a 12- to 20-ft (3.5- to 6-m) storm
surge that caused tremendous structural damage to most of its camps, homes, and businesses (Louisiana
Sea Grant, 2006). Although barrier islands and shorelines have some capacity to regenerate over time,
the process is very slow and often incomplete. With each passing storm, the size and resiliency of these
areas can be diminished, especially when major storms occur within a short time period. Hurricane
Katrina was the fifth hurricane to impact the Chandeleur Island chain within an 8-year period. The other
storms were Hurricanes Georges (1998), Lili (2002), Ivan (2004), and Dennis (2005). Landmass rebuilt
since Hurricane lvan was subsequently washed away by Hurricane Katrina. Hurricanes Gustav and lke
(2008) reactivated ponds caused by the surge of Katrina. Surge impacts of Hurricane Gustav in the
Deltaic Plain are smaller in scale and magnitude than surge impacts of Hurricane Ike in the Chenier Plain.
The effects of Hurricane Gustav were also seen in the further erosion of the Chandeleur Islands, as well as
significant erosion of the barrier islands forming the southern boundary of Terrebonne and Timbalier
Bays (Barras, 2009). The Chandeleur Islands were reduced to 544.5 ha (1,345.5 ac), a reduction of
102.6 ha (253.5 ac) from the island’s land area of 647.1 ha (1,599.0 ac) in 2006 (Barras, 2009).
Following Hurricane ke, significant surge-formed and surge-expanded ponds were not really noticeable
east of Vermilion Bay (Barras, 2009). Some new scours located on southeastern Marsh Island were
originally scoured by Hurricane Lili on October 3, 2002 (Barras, 2007b). Water levels were visibly lower
on the 2006 imagery of the Marsh Island area, causing the shallow scours to be classified as land in that
dataset. Boyd and Penland (1988) estimated that storms raise mean water levels 1.73-2.03 m
(5.68-6.66 ft) above mean sea level from 10 to 30 times per year. Under those conditions, barrier islands
of the Mississippi River Delta complex experience severe overwash of up to 100 percent. Shell Key is a
barrier feature that varies greatly from the others around the Delta. It is located south of Marsh Island,
Louisiana, at the mouth of Atchafalaya Bay, and is composed almost entirely of oyster-shell fragments. It
is found amid extensive shell reefs, which are part of the Shell Keys National Wildlife Refuge. This
dynamic feature builds and wanes with passing storms. In 1992 and 1999, Hurricanes Andrew and
Francis reduced the island to little more than a shoal. The shallow, submerged shell reefs around Shell
Key also serve as barrier features. Located on the other side of the bay’s mouth and to the southeast, the
Point au Fer Shell Reefs were commercially dredged for shells, and no longer exist (USDOI, FWS and
USDOC, Census Bureau, 2001; Schales and Soileau, official communication, 2001).

In addition to the hurricanes and winter storms, the Mississippi River Delta complex and its
associated barrier islands were initially oiled as a result of the DWH event. Before the capping and
permanent plugging of the well was complete, oil had reached the shorelines of the Chandeleur Islands,
Whiskey Island, Raccoon Island, South Pass, East Fourchon/Elmers Island, Grand Isle, Trinity Island, and
Brush Island (Cleveland, 2010). Most of Louisiana’s shoreline had some exposure to oil. Some areas
were oiled more than once. The oiling ranged from light to heavy to occasional tarballs depending on the
location and time. In most cases, the oil came ashore in lines perpendicular to the shoreline rather than in
sheets. In an attempt to protect the Chandeleur Islands and the marshes shoreward of the islands from oil,
the State of Louisiana constructed protective berms seaward of the islands. (See Chapter 3.3.3, “OCS
Sand Borrowing,” regarding berms constructed in Louisiana as part of the DWH response). These berms
are considered as part of the currently existing environment due to potential negative effects that this
construction may have on the viability and sustainability of the protected island. Based on the review of
currently available SCAT maps (USDOC, NOAA, 2011f [ERMA, September 28, 2011]) and field
observations, the majority of the shoreline from the Atchafalaya Delta to the Mississippi River Delta is
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either categorized as not oiled or with small areas (2.8 km; 1.8 mi) that have a mixture of no oil and
lightly oiled (USDOC, NOAA, 2011f [ERMA, September 28, 2011]).

Mississippi and Alabama Coasts

The only factor that has a historical trend that coincides with the progressive increase in rates of
landloss is the progressive reduction in sand supply associated with nearly simultaneous deepening of
channels dredged across the outer bars of the three tidal inlets maintained for deep-draft shipping.
Neither rate of relative sea-level rise nor storm parameters have long-term historical trends that match the
increased rates of landloss since the mid-1800’s. The historical rates of relative sea-level rise in the
northern Gulf of Mexico have been relatively constant, and storm frequencies and intensities occur in
multidecadal cycles. However, the most recent landloss accelerations are likely related to the increased
storm activity since 1995. The Mississippi-Alabama barrier islands do not migrate landward as they
decrease in size. Instead, the centers of most of the islands are migrating westward in the direction of the
predominant littoral drift through processes of updrift erosion and downdrift deposition (Richmond, 1962;
Otvos, 1979). Although the sand spits and shoals of the Mississippi-Alabama barriers are being
transferred westward, the vegetated interior cores of the islands remain fixed in space. Rucker and
Snowden (1989) measured the orientations of relict forested beach ridges on the Mississippi barriers and
concluded that the ridges and swales were formed by recurved spit deposition at the western ends of the
islands. The Dog Keys define the Mississippi Sound of Mississippi and Alabama. Mississippi has about
33.9 mi (54.6 km) of barrier beaches on these islands (USDOI, FWS, 1999). Dauphin Island, Alabama,
represents about another 7 mi (12 km). This relatively young group of islands was formed 3,000-4,000
years ago as a result of shoal-bar accretion (Otvos, 1979). They are separated by wide passes with deep
channels. Shoals are typically adjacent to these barriers. Generally, these islands are regressive and
stable in size as they migrate westward in response to the predominantly westward-moving longshore
currents. These islands generally have high beach ridges and prominent sand dunes. The islands are well
vegetated among and behind the dunes and around ponds. Southern maritime climax forests of pine and
palmetto are found behind some of their dune fields.

Dauphin Island, Alabama, is the exception to the above description. It is essentially a low-profile,
transgressive barrier island, except for a small, eroding, Pleistocene core at its eastern end. The western
end is a Holocene spit that is characterized by small dunes and many washover fans, exposed marsh
deposits, and tree stumps exposed in the surf zone. Dauphin Island experienced significant shoreline
retreat and rollover after Hurricane Katrina, with overwash deposits forming in the sound. Pelican Island,
Alabama, is a vegetated sand shoal located Gulfward of Dauphin Island. Southeasterly of that island is
Sand Island, which is little more than a shoal. These barrier islands are part of Mobile Bay’s ebb-tidal
delta. As such, they continually change shape under storm and tidal pressures. Their sands generally
move northwesterly into the longshore drift, nourishing beaches downdrift. These sediments can also
move landward during flood tides (Hummell, 1990). 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). It has
the widest beaches and largest dune system among the barrier beaches in the CPA.

Since the mid-1800’s, average rates of landloss for all the Mississippi islands accelerated
systematically. There is an inverse relationship between island size and percentage of land reduction for
each barrier. For example, Horn Island, the largest of the Mississippi barrier islands, lost 24 percent and
Ship Island lost 64 percent of its area since the mid-1800’s (Morton, 2008). Ship Island is particularly
vulnerable to storm-driven landlosses because topographic and bathymetric boundary conditions focus
wave energy onto the island. The three predominant morphodynamic processes associated with landloss
are as follows: (1) unequal lateral transfer of sand related to greater updrift erosion compared with
downdrift deposition; (2) barrier narrowing resulting from simultaneous erosion of the Gulf and
soundside shores; and (3) barrier segmentation related to storm breaching. The western portion of
Dauphin Island is migrating landward as a result of storms that erode the Gulf shore, overwash the island,
and deposit sand in Mississippi Sound. This has caused a gain in land during the 20th century. Petit
Bois, Horn, and Ship Islands have migrated westward as a result of predominant westward sediment
transport by alongshore currents, and Cat Island is being reshaped as it adjusts to post-formation changes
in wave and current patterns associated with deposition of the St. Bernard lobe of the Mississippi Delta
(Morton, 2008).



4-486 Western and Central Planning Areas Multisale EIS

The principal causes of barrier island landloss are frequent intense storms, a relative rise in sea level,
and a deficit in the sediment budget. However, the most recent landloss accelerations are likely related to
the increased storm activity since 1995. Although overwash channels do not commonly occur, the islands
may be overwashed during strong storms, as was seen after Hurricanes lvan (2004), Dennis (2005), and
Katrina (2005). Hurricane Katrina’s storm surge caused substantial beach erosion and, in some cases,
completely devastated coastal areas. In Dauphin Island, approximately 90 mi (150 km) to the east of the
point where the hurricane made landfall, the sand that comprised the barrier island was transported across
the island into Mississippi Sound, pushing the island towards land.

Deepwater Horizon Event Oil Exposure

In April 2010, the explosion of the DWH drilling platform resulted in the largest oil spill in the
history of the U.S. The spill was approximated at 4.1 MMbbl of oil being released into the environment;
the well was capped on July 15, 2010, after oil flowed into the Gulf for 87 days. The drilling rig was
located west of the Mississippi River approximately 90 mi (145 km) from the Louisiana coast. The bulk
of the oil was off the coast of Louisiana, but eventually the oil spread east of the Mississippi River along
the Mississippi, Alabama, and Florida coastlines as far away as Panama City, Florida. At the time of
preparation of this EIS, there remains incomplete and unavailable scientific information on the impacts of
the spill. The available information presented here is primarily from accounts based on interviews with
scientists or personnel with the USCG’s Oil Spill Response Team at the Unified Command Post
overseeing cleanup operations. Various wildlife and resource agencies have launched SCAT to locate the
oil as it appears in order to engage cleanup teams. Other agencies are involved in the NRDA process,
which is collecting data to identify and quantify the impacts of the spill. To date, only select portions of
this information is publicly available; therefore, the information presented here only notes what resources
have been contacted by the spilled oil based on the latest available SCAT observation maps and data
available from interviews of local scientists participating in the oil response effort (USDOC, NOAA,
2011f [ERMA, September 28, 2011]).

Initially, the DWH event exposed most of the Gulf Coast shoreline to some degree of oiling (i.e.,
from western Louisiana to the Florida panhandle) (OSAT-2, 2011). This cumulative figure of oiled
shoreline includes the shorelines of beaches and barrier islands that were exposed to oil whether it was
very light, light, moderate, heavily oiled, or only observations of tarballs. In Louisiana, the heavy to
moderate oiling was sporadic along the shorelines of Grand Terre Island, Grand Isle, and Bay Batiste. By
May 23, 2010, the Louisiana Department of Environmental Quality had confirmed shoreline impact on
the Chandeleur Islands, Whiskey Island, Raccoon Island, South Pass, East Fourchon/Elmers Island,
Grand Isle, Trinity Island, Brush Island, the Pass a Loutre area, and Marsh Island. On June 1, 2010, oil
first appeared on Dauphin Island off the coast of Alabama near the mouth of Mobile Bay. Strands of oil
about 1 m (3 ft) wide and 2 mi (3 km) long were found on Petit Bois Island near the Mississippi-Alabama
border (Cleveland, 2010). The shoreline in the Barataria Bay complex, along with the shorelines west of
the Mississippi River Delta complex, received the most oil (Cleveland, 2010). Some of these areas may
have been oiled several times.

By comparison, more recent available SCAT observations (USDOC, NOAA, 2011f [ERMA,
September 28, 2011]) note barrier islands from the Texas border to the Alabama/Florida border with
much less remnant oil than was reported a year ago (September 2010). Based on an additional review of
SCAT observation maps (USDOC, NOAA, 2011f [ERMA, September 28, 2011]), the remnant oil along
these shorelines continues to be greatly reduced and is expected to be further removed through cleanup
efforts, weathering, and the high-energy wave action in these areas. All of the following estimates of
oiled shorelines were created from the measurement tool associated with the SCAT maps (USDOC,
NOAA, 2011f [ERMA, September 28, 2011]). Based on these SCAT observations (September 28, 2011),
the Louisiana coast from the Texas State line (Sabine) to the Mississippi State line continues to improve.

Observations on the Chandeleur Islands indicated no oil on the seaward side of the islands, a small
area of moderate to heavy remnant oil on the back side of the islands, and a small heavily oiled area in the
interior of the island (USDOC, NOAA, 2011f [ERMA, September 28, 2011]). Grand lIsle still has
moderate oiling on the eastern tip of the island (USDOC, NOAA, 2011f [ERMA, September 28, 2011]).
Grand Terre Island has either traces of oil or is lightly oiled on its Gulf side, with the exception of a small
area (approximately 33 m [108 ft]) that is still heavily oiled on the eastern end of the Island (USDOC,
NOAA, 2011f [ERMA, September 28, 2011]). The Gulf Island National Seashore chain (i.e., Cat, Horn,
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Petit Bois Islands, etc.) off the Mississippi coast is primarily free of remnant oil except for a small
segment that is lightly oiled (USDOC, NOAA, 2011f [ERMA, September 28, 2011]). While all of these
coastlines previously received various degrees of oiling, the remnant oil that is currently observed is
weathered oil that has been treated and has either no or much reduced toxic components. Because these
coastlines encountered some degree of oiling, oil may now be part of the existing condition of the
resource. As noted in the more recent SCAT observations, this oil is expected to continue to be removed
from the shoreline by cleanup efforts, weathering, and the high-energy wave action in these coastal
environments that continuously reworks the shoreline. The SCAT maps and new data available since the
DWH event that are incorporated into this EIS provide valuable information on the status of coastal
barrier beaches and dunes that may have been impacted by the event.

As identified in this chapter, BOEM acknowledges that there remains incomplete and unavailable
information related to coastal barrier beaches and associated dunes that may be relevant to reasonably
foreseeable significant impacts on these resources. For example, although there is substantial information
available since the DWH event, which is included in this EIS, additional information will likely be
developed through the NRDA process. The BOEM believes that the incomplete or unavailable
information regarding coastal barrier beaches and dunes would likely not be essential to a reasoned choice
among alternatives, particularly in the cumulative effects analysis. The bulk of this information is
expected to be developed through the ongoing NRDA process. To date, relatively little raw data have
been released publicly by the NRDA process, and it may be years before studies are completed and results
are released. This information will certainly not be available within the timeframe contemplated by this
NEPA analysis. Regardless of the costs involved, it is not within BOEM’s ability to obtain this
information from the NRDA process within the timeline of this EIS. The BOEM subject-matter experts
have used what scientifically credible information is available in their analyses, including the recent
SCAT data, and applied this information using accepted scientific methodology.

4.2.1.3.2. Impacts of Routine Events

Background/Introduction

Impacts to the general vegetation and physical aspects of coastal environments by routine activities
resulting from a CPA proposed action are considered in detail in Chapter 4.2.1.4.2. This section
considers impacts from routine activities associated with a CPA proposed action to the physical shape and
structure of barrier beaches and associated dunes. The primary impact-producing routine activities
associated with a CPA proposed action that could affect these environments include pipeline
emplacements, navigation channel use (vessel traffic) and dredging, and the use and construction of
support infrastructure.

Pipeline Emplacements

Where a pipeline crosses the shoreline is referred to as a pipeline landfall. Many OCS Program-
related pipelines make landfall on Louisiana’s barrier islands and shorelines. Pipeline landfall sites on
barrier islands could cause accelerated beach erosion and island breaching. A CPA proposed action does
not include new pipelines that make landfall on barrier islands or mainland beaches. If more detailed site-
specific, postlease analysis indicates barrier beach landfalls are necessary, modern techniques such as
directional drilling would be used to bring the pipeline ashore. Studies have shown that little to no impact
to barrier beaches results from modern techniques such as directional boring (LeBlanc, 1985; Wicker
etal.,, 1989). Since 2002, only one new pipeline has come to shore in Louisiana from OCS-related
activities. The 30-in Endymion oil pipeline, which delivers crude oil from South Pass Block 89 to the
LOOP storage facility near the Clovelly Oil and Gas Field, was installed in 2003. Based on a review of
the data in the COE permit application (No. 20-020-1632), the emplacement of the pipeline caused zero
impacts to marshes (emergent wetlands) and beaches. This was because the operator used horizontal,
directional (trenchless) drilling techniques to avoid damages to these sensitive habitats. Additionally, the
pipeline route maximized an open-water route to the extent possible. A comparison of aerial photos taken
before and after Hurricanes Katrina and Rita reveal no observable landloss or impacts associated with the
Endymion oil pipeline. Hurricane Gustav further eroded barrier beaches and completely degraded small
islands such as Wine Island. Although Hurricane Gustav eroded some beaches and damaged onshore
pipelines near Port Fourchon, offshore pipelines were left intact.
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Vessel Traffic and Dredging

Vessel traffic that may support a CPA proposed action is discussed in Chapter 3.1.1.8.4. Navigation
channels projected to be used in support of a CPA proposed action are discussed in Chapter 3.1.2.1.8.
Navigation channels that support the OCS Program are listed in Table 3-14. Current navigation channels
would not change, and no new navigation channels are required as a result of a CPA proposed action.

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 activities uses the channels and canals along the Louisiana
coast. There is a small potential for resuspension and transport of oil from the DWH event as a result of
heavy vessel traffic or dredging in areas previously oiled and where submerged oil mats exist. As a result
of the storm surge of Hurricane Gustav, the channel at Port Fourchon lost depth from siltation and
displacement of some of the rock channel armor.

Based on an earlier study by Johnson and Gosselink (1982), canal widening rates in coastal Louisiana
range from about 2.58 m/yr (8.46 ft/yr) for canals with the greatest boat activity to 0.95 m/yr (3.12 ft/yr)
for canals with minimal boat activity. A recent study entitled “Navigation Canal Bank Erosion in the
Western and Central Gulf of Mexico” indicates that shoreline retreat rates along canals were highly
variable within and across unarmored portions of the canals (Thatcher et al., 2011). It was noted that
geology and vegetation type influenced the rate of shoreline change. The study also noted that the canal
widening rate slowed to -0.99 m/yr (-3.25 ft/yr) for the 1996/1998-2005/2006 time period as compared
with -1.71 m/yr (-5.61 ft/yr) for the 1978/1979-1996/1998 time period. The existing armored navigation
channels (e.g., Port Fourchon) that are used to reach shore bases minimize or eliminate the potential for
shoreline erosion from vessel traffic. Widening rates for navigation canals have been reduced as a result
of aggressive management and the restoration of canal edges to prevent erosion. An example of this is
the construction of rock breakwaters along portions of some of these canals, as well as enforcing “wake
zone” speeds (Johnston et al., 2009). In addition, BOEM and the USGS National Wetlands Resource
Center have designed and funded a study that was reviewed and coordinated with the Louisiana
Department of Natural Resources to better understand salinity behavior in marshes adjacent to navigation
canals. This 2-year study began in January 2010 and is scheduled for completion in 2012.

Remnant oil is still being found intermittently in coastal areas. This remnant oil has been treated with
dispersants and weathered, but it has the potential for resuspension as a result of the routine activities
noted above. If encountered, the remnant oil is expected to be nontoxic due to natural weathering,
microbial breakdown, and post-spill dispersant treatments. The last overflight observation of potentially
recoverable oil on the ocean surface was made on August 3, 2010 (OSAT, 2010). With regard to samples
taken, “Since 3 August 2010, <1% of water samples and ~1% of sediment samples exceeded USEPA’s
Aquatic Life benchmarks for PAH’s. Analysis of individual samples indicated that none of the water
sample exceedances were consistent with MC252. Of the sediment exceedances, only those within 3 km
of the wellhead were consistent with MC252.”

Subsurface tar mats were found in some nearshore sampling areas and could temporarily be
remobilized and could become a source of shoreline reoiling (OSAT-2, 2011). If the remnant oil is
encountered, routine activities such as dredging or vessel traffic can potentially resuspend and transport it
within the area. The oil is greatly weathered and treated, so it is expected to have low or no level of
toxicity for interstitial beach inhabitants and disturbance from routine activities is unlikely to significantly
impact coastal barrier beaches and associated dunes. Based on the findings of the OSAT-2 report (2011),
weathered oil samples showed PAH’s were depleted by 86-98 percent in most beach locations. The PAH
model predictions also predict that PAH concentrations in subtidal buried oil will decrease to 20 percent
of current levels within 5 years (OSAT-2, 2011).

Continued Use of Support Infrastructure

In the past, OCS-related facilities were built in the vicinity of barrier shorelines of the CPA. The use
of some existing facilities in support of a CPA proposed action and subsequent proposed lease sales in the
CPA may extend the useful lives of those facilities. During that extended life, erosion-control structures
may be installed to protect a facility. Although these measures may initially protect the facility as
intended, such structures may accelerate erosion elsewhere in the vicinity. For example, when structures
are used to retain sand in a specific area, erosion (or reduced accretion) of the downdrift beaches will be
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caused by the reduced sediment supply coming from the protected area (American Shore and Beach
Preservation Association, 2011). They may also cause the accumulation of sediments updrift of the
structures. These sediments might have alleviated erosion downdrift of the structure. These induced
erosion impacts would be most damaging locally. In deltaic Louisiana where the sediment supply is
critically low, these impacts may be distributed much more broadly. These impacts would last as long as
the interruption of the sediment drift continues and can continue after the structure is removed if the
hydrodynamics of the area are permanently modified. Expansions of existing facilities located on barrier
beaches or in associated dunes would cause loss and disturbance of additional habitat. Abandoned facility
sites must be cleared in accordance with Federal, State, and local government, and landowner
requirements. Materials and structures that would impair or divert sediment drift among the dunes and on
the beach must be removed.

Proposed Action Analysis

Zero to one pipeline landfalls are projected as a result of a CPA proposed action. Should one be
constructed, it would most likely be in Louisiana, where the large majority of the infrastructure exists for
receiving oil and gas from the CPA. No landfalls are presently planned for barrier or mainland beaches,
but if it is later determined that such a landfall in the vicinity of a barrier beach and associated dunes is
necessary, current regulatory procedures would be used to evaluate any impacts associated with the
action. Wherever a landfall occurs, regulatory programs and permitting processes (COE and the
Louisiana Dept. of Natural Resources) are sequenced to ensure wetlands are protected first through
avoidance, then minimization of impacts, and finally compensation for unavoidable impacts. The use of
modern technologies (e.g., directional boring) greatly reduces and possibly eliminates impacts to coastal
barrier islands and beaches. Therefore, effects on barrier beaches and dunes from pipeline laying
activities associated with a CPA proposed action are expected to be minor or nonexistent.

A CPA proposed action is estimated to account for 2-3 percent of the service-vessel traffic in
navigation canals associated with the OCS Program from 2012 through 2051 (Tables 3-3 and 3-4).
Erosion of coastal barrier beaches and associated dunes from vessel traffic associated with a CPA
proposed action are expected to be negligible.

Adverse impacts from maintenance dredging of navigation channels can be mitigated by discharging
dredged materials onto barrier beaches or strategically into longshore sediment currents downdrift of
maintained channels, or by using the dredged material to create wetlands. Negative effects of sediment
sinks created by jetties can be mitigated by reducing the jetty length to the minimum needed and by filling
the downdrift side of the jetty with appropriate sediment. Sediment traps that are created by
unnecessarily large bar channels can also be mitigated by reassessing the navigational needs of the port
and by appropriately reducing the depth of the channel. These dredging activities are permitted,
regulated, and coordinated by COE with the appropriate State and Federal resource agencies. Impacts
from these operations are minimal due to requirements for the beneficial use of the dredged material for
wetland and beach construction and restoration where appropriate. Permit requirements further mitigate
dredged material placement in approved disposal areas by requiring the dredged material to be placed in
such a manner that it neither disrupts hydrology nor changes elevation in the surrounding marsh. Effects
on coastal barrier beaches and associated dunes associated with dredging from a CPA proposed action are
expected to be restricted to minor and localized areas downdrift of the channel. There are 0-1 gas
processing plants projected to be constructed as a result of a CPA proposed action. Should one be
constructed, it would most likely be in Louisiana. Effects on coastal barrier beaches and associated dunes
associated with the construction of a gas processing plant from a CPA proposed action are expected to be
restricted to minor and very localized areas downdrift of the channel.

The SCAT maps and data available since the DWH event that are incorporated into this EIS provide
valuable information on the status of coastal barrier beaches and dunes that may have been impacted by
the event. There remains incomplete and unavailable information that may be relevant to reasonably
foreseeable significant impacts on these resources. Nevertheless, there is substantial information
available since the DWH event which is included in this EIS, and BOEM believes that the incomplete or
unavailable information regarding effects of the DWH event on coastal barrier beaches and dunes would
likely not be essential to a reasoned choice among alternatives. The bulk of this information is expected
to be developed through the ongoing NRDA process. To date, relatively little raw data have been
released publicly by the NRDA process, and it may be years before studies are completed and results are
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released. This information will certainly not be available within the timeframe contemplated by this
NEPA analysis. Regardless of the costs involved, it is not within BOEM’s ability to obtain this
information from the NRDA process within the timeline of this EIS. The BOEM subject-matter experts
have used what scientifically credible information is available in their analyses, applied using accepted
scientific methodology. As noted above, even if there remain unknown impacts to coastal barrier beaches
and dunes from the DWH event, impacts from routine activities related to a CPA proposed action would
not be expected to be substantial since most routine activities are located far from coastal beaches or
would be subject to permitting and location siting requirements (e.g., dredging and pipeline landfalls).

Summary and Conclusion

Effects to coastal barrier beaches and associated dunes from pipeline emplacements, navigation
channel use and dredging, and construction or continued use of infrastructure in support of a CPA
proposed action are expected to be restricted to temporary and localized disturbances. The 0-1 pipeline
landfalls projected in support of a CPA proposed action are not expected to cause significant impacts to
barrier beaches because of the use of nonintrusive installation methods and regulations. Any new
processing plants would not be expected to be constructed on barrier beaches.

Maintenance dredging of barrier inlets and bar channels is expected to occur, which, combined with
channel jetties, causes minor and localized impacts on adjacent barrier beaches. Mitigating adverse
impacts should be addressed in accordance with requirements set forth by the appropriate Federal and
State permitting agencies. Because these impacts occur regardless of a CPA proposed action, a proposed
action would account for a small percentage of these impacts from routine events. There could be a slight
chance of disturbing or resuspending buried, remnant oil from the DWH event through channel
maintenance or trenching associated with pipeline placement. However, based on sediment analyses in
the OSAT report (2010), there were no exceedances of USEPA’s aquatic life benchmarks for PAH’s in
sediment beyond 3 km (~2 mi) from the wellhead that were linked to the oil from the DWH event. Since
dredging, vessel traffic, and pipeline emplacement activities would be far removed from most affected
areas, the chance of resuspension of toxic sediment would be improbable.

In conclusion, a CPA proposed action is not expected to adversely alter barrier beach configurations
much beyond existing, ongoing impacts in localized areas or to result in remobilizing toxic remnant oil.
Strategic placement of dredged material from channel maintenance, channel deepening, and related
actions can mitigate adverse impacts upon those localized areas.

4.2.1.3.3. Impacts of Accidental Events

Background/Introduction

Impacts to the general vegetation and physical aspects of coastal environments by oil spills and
cleanup response activities resulting from a CPA proposed action are considered in Chapters 4.2.1.3.3
and 4.2.1.4.3. The types and sources of spills that may occur and their characteristics are described in
Chapter 3.2.1. There is also a risk analysis of accidental events in Chapter 3.2.1. Figures 3-9 and 3-10
provide the probability of an offshore spill >1,000 bbl occurring and contacting counties and parishes
around the Gulf. A low-probability catastrophic spill is discussed in Appendix B.

Potential impacts from oil spills to barrier islands seaward of the barrier-dune system are considered
in this section, while potential impacts to barrier islands landward of the barrier-dune system are
considered in the wetlands analysis (Chapter 4.2.1.4.3). Impacts to biological, recreational, and
archaeological resources associated with beach and dune environments are described in the impact
analysis sections for those specific resources.

Oil-Spill Impacts

While it is possible that unweathered oil may reach shorelines, it not probable from a CPA proposed
action. Moreover, for tides to carry oil from a spill across and over the dunes, strong southerly winds
would have to persist for an extended time prior to or immediately after a spill. Strong winds required to
produce such high tides would also accelerate dispersal and spreading of the oil slick, thereby reducing
impact severity at the landfall site. Significant dune contact by a spill associated with a CPA proposed
action is not likely; however, the reduced degree of protection does make the mainland beaches and
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habitat on the back side of the barrier islands more susceptible to oiling than they were under pre-storm
conditions if winds bring the oil shoreward. If the unweathered oil and its toxic components reached the
fine and soft sediment beaches, the interstitial microfauna associated with the beach face may be affected.
The effects could be changes in species diversity that could result in changes in forage areas for species
using these microfauna as a food base (Teal and Howarth, 1984).

There are various factors and conditions that affect the toxicity and severity of oil spills on the barrier
island systems and the associated vegetation. The two most important variables involve location
(distance of spill from landfall) and weather. If there is sufficient distance and contributing weather
conditions between the spill and landfall, the spill can be dispersed, thinned, and emulsified. This would
allow for optimal conditions for biodegradation, volatilization, and photooxidation. Therefore, due to the
distance from shore of the spill, the weather, the time oil remains offshore, and dispersant use (see
discussion of dispersants in Chapter 3.2.1.5.2), offshore-based light Louisiana crude oil would be less
toxic when it reaches the coastal environments. In addition, the GOM has more natural oil seeps (provide
400,000 bbl/year) than any other marine environment in North America; therefore, the GOM has a
resident population of microbiota, including oil-biodegrading bacteria that are adapted to this
environment and that rapidly respond to degrade any additional oil that enters the environment (Atlas and
Hazen, 2011). The resiliency of coastal beaches and the effect of oil on these beaches are, in part, based
on the toxicity of the oil’s components once it reaches the beaches. Recent insight into the fate of oil that
may reach beaches from an offshore spill has been noted in the OSAT-2 report (2011). Based on the
OSAT report (2010), even the oil that reached the shore from the catastrophic DWH event was weathered
to the point that no USEPA exceedances were observed for aquatic life or wildlife in the sediments or
water samples from 3 km (~2 mi) from the well head shoreward. Beach samples indicated 86-98 percent
depletion of total PAH, and in most locations, it was estimated that buried supratidal oil (most resilient
due to no oxidation) would decrease to 20 percent of current levels within 5 years (OSAT-2, 2011).

Inland spills have the greatest potential for affecting the coastal barrier resources due to their
proximity to the resources. Inland spills resulting from damage to pipelines, vessel collisions,
malfunctions of onshore production or storage facilities, and blowouts have the greatest potential for
contacting the barrier and mainland beach resources. The effects from these oil spills depend on the
geographic location, volume, and rate of the spill; type of oil; oil-slick characteristics; oceanic conditions
and season at the time of the spill; and response and cleanup efforts. Inland spills from offshore coastal
waters and in the vicinity of Gulf tidal inlets present a greater potential risk to barrier beaches and dunes
because of their close proximity, but inland spills occurring away from Gulf tidal inlets are not expected
to significantly impact barrier beaches and dunes.

No significant impacts to the physical shape and structure of barrier beaches and associated dunes are
expected to occur as a result of accidental events associated with a CPA proposed action. However, as a
result of the DWH event, the State of Louisiana has partially constructed an oil mitigation berm seaward
of the Chandeleur Islands (Chapter 3.3.3). Theoretically, the berm is to protect the island and inland
marshes from incoming oil. The Federal resource agencies (i.e., NMFS, FWS, and USEPA), as well as
the local scientific community, are concerned that the berm may cause further erosion of the island
because of changes to hydrology and topography (Lavioe et al., 2010). In addition, the use of heavy
equipment for shaping the berm material and the chance of disturbing pipelines in the borrow areas could
cause potential indirect impacts to the coast.

The results of an earlier study (Webb, 1988) utilizing oiled and unoiled sands indicated the survival of
dune transplants was better for both species of plants tested in the oil-contaminated dune than the oil-free
dune. It was concluded that common dune plants can colonize or can be transplanted successfully into
oil-contaminated sands. The explanation of the favorable survival is probably due to the weathering from
the photooxidation, volatilization, and biodegradation of the oil. Analysis of the weathered crude oil did
not indicate a high percentage of PAH’s. The study concluded that the weathering process removed most
of the toxic compounds (Webb, 1988).

Through cleanup efforts, associated foot traffic may work oil farther into the sediment than would
otherwise occur. Close monitoring and restrictions on the use of bottom-disturbing equipment would be
needed to avoid or minimize those impacts. Certain mainland beaches in Louisiana (Grand Isle and
Grand Terre Island), Mississippi (Waveland, Biloxi, and Gulfport), Alabama (Perdido and Gulf Shores),
and Florida (Santa Rosa, Pensacola, and Eglin) are currently undergoing either manual or mechanical
cleanup primarily for tarballs or some submerged weathered oil mats. Mechanical, tractor-mounted
sifters disrupt the sand base, cause compaction, and disturb the nontidal beach habitat. Should a spill
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contact a barrier beach, oiling is expected to be light due to the distance of most OCS Program activities
from barrier beaches and sand removal during cleanup activities minimized because current spill-response
activities discourage physical cleanup methods in beaches and marshes. Residual oils from the DWH
event are still being cleaned in various locations. Based on the September 2011 and more recent SCAT
information, remnant oil on barrier and mainland beaches ranges from no oil/lightly oiled to only a few
moderately oiled sites noted in sections above. The OSAT-2 report (2011) further noted that there was a
greater potential for impact to wildlife and aquatic resources from aggressive cleanup than from the
remnant oil on the beaches . The Net Environmental Benefits Analysis done as part of the OSAT-2 report
(2011) noted that the environmental effects of residual oil remaining after cleanup are relatively minor
when compared with the effects of continued cleanup efforts on both the beach habitats and associated
resources. This is because, as both mechanical and manual methods are used to remove smaller amounts
of oil, they are physically altering the state of the environment.

The SCAT maps and new data available since the DWH event that are incorporated into this EIS
provide valuable information on the status of coastal barrier beaches and dunes that may have been
impacted by the event. The BOEM acknowledges that there remains incomplete and unavailable
information that may be relevant to reasonably foreseeable significant impacts on these resources. As
there is substantial information available since the DWH event, which is included in this EIS, BOEM
believes that the incomplete or unavailable information regarding effects of DWH on coastal barrier
beaches and dunes would likely not be essential to a reasoned choice among alternatives. The bulk of this
information is expected to be developed through the ongoing NRDA process. To date, relatively little
raw data have been released publicly by the NRDA process, and it may be years before studies are
completed and results are released. This information will certainly not be available within the timeframe
contemplated by this NEPA analysis. Regardless of the costs involved, it is not within BOEM’s ability to
obtain this information from the NRDA process within the timeline of this EIS. The BOEM subject-
matter experts have used what scientifically credible information is available in their analyses, applied
using accepted scientific methodology. The likelihood of any accidental event reaching coastal barrier
beaches remains remote due to the fact that most routine activities are far removed from coastal barrier
beaches and dunes. Most activities that could result in inshore spills (e.g., vessel traffic) would also likely
be in navigational channels at some distance from most barrier beaches and dunes.

Proposed Action Analysis

Barrier islands and beaches adjacent to the CPA are restricted to the coastal waters of Louisiana,
Mississippi, Alabama, and western Florida. The greatest threat to the barrier island and beach resources
would be from inland oil spills. Based on the assumption that spill occurrence is proportional to the
volume of oil handled, sensitive coastal environments in eastern Louisiana from Atchafalaya Bay to east
of the Mississippi River (including Barataria Bay) have the greatest risk of contact from spills related to a
CPA proposed action.

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, commercial
and recreational activities remain the same. Therefore, the coastal waters of Louisiana, Mississippi, and
Alabama would have a total of 200, 30, and 10 spills <1,000 bbl/yr, respectively, from all sources, as a
result of a CPA proposed action. When limited to just oil- and gas-related spill sources such as platforms,
pipelines, MODU’s, and support vessels, Louisiana, Mississippi, and Alabama would have a total of
130-170, 3-5, and ~2 spills <1,000 bbl/yr, respectively. Louisiana is the state most likely to have a spill
occurrence of >1,000 bbl in its coastal waters as a result of a CPA proposed action.

Activity that would result from the addition of a CPA proposed lease sale would cause a negligible
increase in the risk of a large spill occurring and contacting barrier islands and beaches. If oil should
reach the beaches from this distance, it would be sufficiently weathered and detoxified through
biodegradation, mixing, and the weathering process. The probabilities of an offshore spill >1,000 bbl
occurring and contacting environmental features are described in Chapters 3.2.1.5.7. In addition, the
results of a risk analysis estimating the likelihood of a <1,000-bbl spill occurring and contacting
environmental resources (including barrier islands) can be found in Chapters 3.2.1.6.6 and 3.2.1.7.2.
Eight parishes in Louisiana have a chance of a spill 21,000 bbl occurring and contacting their shores
(Figure 3-10). For these parishes, the probability of an OCS offshore spill >1,000 bbl ranges from
<0.5 to 8 percent. Generally, the coastal deltaic parishes of Louisiana have the highest risk of being
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contacted by an offshore spill resulting from a CPA proposed action. Plaquemines Parish has the highest
probability at 3-8 percent (Figure 3-10). For offshore spills <1,000 bbl, only those >50 bbl would be
expected to have a chance of persisting as a cohesive slick long enough for the slick to reach land. A few
(5-11) offshore spills of 50-1,000 bbl are estimated to occur as a result of a CPA proposed action, and a
few of these slicks are expected to occur proximate to State waters and to reach shore (Table 3-12).
Should a slick from such a spill make landfall, the volume of oil remaining in the slick is expected to be
small.

Sensitive coastal environments in eastern Louisiana from Atchafalaya Bay to east of the Mississippi
River, including Barataria Bay, have the greatest risk of being contacted by spills from operations related
to a CPA proposed action. Should a spill contact a barrier beach, oiling is expected to be light and sand
removal during cleanup activities minimized. No significant impacts to the physical shape and structure
of barrier beaches and associated dunes are expected to occur as a result of a CPA proposed action.

The potential impacts of a catastrophic spill such as the DWH event are discussed in Appendix B to
the extent possible with the current data available. However, the probability of a catastrophic spill such
as the DWH event is low. If a catastrophic spill such as the DWH event should occur, the extent of the
oiling may vary depending on sea conditions, dispersant use, and response time and methods. As seen
with the DWH event, physical alterations to hydrological conditions through berm construction may
result in changes to future barrier island behavior. The end result of island modification as a result of
changed hydrologic conditions due to berm construction will only be known through the results of long-
term monitoring.

Summary and Conclusion

Due to the proximity of inshore spills to barrier islands and beaches, inshore spills pose the greatest
threat because of their concentration and lack of weathering by the time they hit the shore and because
dispersants are not utilized in inshore waters due to the negative effects on the shallow-water coastal
habitats. Such spills may result from either vessel collisions that release fuel and lubricants or from
pipelines that rupture. Impacts of a nearshore spill would be considered short term in duration and minor
in scope because the size of such a spill is projected to be small (coastal spills are assumed to be 77 bbl;
Chapter 3.2.1.7.1). Offshore-based crude oil would be lessened in toxicity when it reaches the coastal
environments. This is due to the distance from shore, the weather, the time oil remains offshore, and the
dispersant used. Equipment and personnel used in cleanup efforts can generate the greatest direct impacts
to the area, such as the disturbance of sands through foot traffic and 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. Close monitoring and restrictions on the use of bottom-
disturbing equipment would be needed to avoid or minimize those impacts.

Although monitoring is still ongoing, the current data show that the toxic components of remnant oil
are expected to continue to decline as noted above (OSAT-2, 2011). Therefore, the currently available
information suggests that impacts on barrier islands and beaches from accidental impacts associated with
a CPA proposed action would be minimal. However, the long-term effects of the berm construction on
Chandeleur Island cannot be evaluated at this time due to the lack of long-term monitoring data
concerning the change in hydrological conditions created by the construction. Should a spill other than a
catastrophic spill contact a barrier beach, oiling is expected to be light and sand removal during cleanup
activities minimized. No significant long-term impacts to the physical shape and structure of barrier
beaches and associated dunes are expected to occur as a result of a CPA proposed action. A CPA
proposed action would not pose a significant increase in risk to barrier island or beach resources.

4.2.1.3.4. Cumulative Impacts

Background/Introduction

This cumulative analysis considers the effects of impact-producing factors related to a CPA proposed
action, prior and future OCS 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. Specific impact-producing factors considered in this cumulative analysis include channelization of
the Mississippi River, beach protection and stabilization projects, natural processes, navigation channels,
development and urbanization, oil spills, oil-spill response and cleanup activities, pipeline landfalls,
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potential for nearshore salinity modifications (preparation of salt domes for oil storage), tourism, and
recreational activities.

River Channelization and Beach Protection

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. This reduction in sediment not only
impedes delta building, but it also fails to provide the needed sediment transport required for nourishment
of the eroding offshore barrier islands and their beaches. 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 normally accomplished 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 Gulf. These changes may result in the opening
and deepening of many new tidal channels that connect to the Gulf and inland waterbodies. These
incremental changes would cause adverse impacts to barrier beaches and dunes. Efforts to stabilize the
Gulf shoreline have adversely impacted barrier landscapes in Louisiana. Large numbers and varieties of
stabilization techniques including groins, jetties, seawalls, and artificially maintained channels and jetties
that were installed to stabilize navigation channels have been applied along the Gulf Coast. These efforts
have contributed to coastal erosion by depriving downdrift beaches of sediments and by increasing or
redirecting the erosional energy of waves (Morton, 1982). Over the last 20 years, better dune and beach
stabilization has been accomplished by using more natural applications such as sand dunes, beach
nourishment, and vegetative plantings.

As a result of the DWH event, protective berms were constructed seaward of barrier islands
(Chandeleur Islands), as well as west of the Mississippi River, to protect the inland marshes, wetlands,
and seagrasses from incoming oil associated with this large spill. The effects of this berm construction on
barrier islands could alter present sediment transport needed for barrier island growth, as well as change
inlet velocities and hydrology in such a way that accelerated erosion of Chandeleur Island could occur
(Lavoie et al., 2010). Aside from the construction impacts, the amount of mined sand required would
continue to reduce the already scarce supply of sand needed for both natural barrier island building and
future coastal restoration projects. Lavoie et al. (2010) suggested that long-term monitoring of the berms
and the associated habitats would be needed to determine both possible future impacts and benefits to the
surrounding environment and if the berm is performing as proposed. Long-term monitoring should
include a combination of repetitive surveys of bathymetry, topography, and seabed imagery, along with
sediment sampling to determine changes through time that are needed for documenting the movement and
degradation of oil. In addition, the study suggested that salinity and turbidity be monitored in the back
barrier to provide general information on estuary health and the suitability for the continued existence of
aquatic grass beds (Lavoie et al., 2010). Other impacts include the fate of oil that may be sequestered in
the mined sands, and the effects of their long-term release. The current testing of dredged sediments
required under the COE dredging permit for the berm construction does not indicate the presence of
petroleum-based toxicants at this time. The potential exists for anoxic conditions in deep holes where the
sand is mined, but COE permit requirements establish that the underwater borrow sites should be
backfilled or shallowed to the greatest extent possible.

Natural Processes

Barrier beaches along coastal Louisiana have experienced severe erosion and landward retreat
(marine transgression) because of natural processes enhanced by human activities. 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 due to anthropogenic attempts to control catastrophic floods and change
the natural environment to better accommodate navigation on waterways used to support OCS Program
and non-OCS Program-related vessel traffic. Sea-level rise and coastal subsidence with tropical and
extra-tropical storms exacerbate and accelerate the erosion of coastal barrier beaches along the Gulf Coast
of Louisiana. The western edge of the CPA coast received major damage as a result of Hurricanes
Katrina, Rita, and Gustav.
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The central Gulf Coast (i.e., Louisiana, Mississippi, Alabama, and western Florida) and the associated
barrier islands and beaches have experienced an increase in frequency of high-intensity hurricanes and
tropical storms over the past several years. As a result of past powerful hurricanes (i.e., Hurricanes
Katrina, Rita, and Gustav), changes in barrier island topography and decreases in beach elevation
potentially increased the probability for oiling farther up the beach head in some locations. 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. In some
areas along the Louisiana coast, barrier islands were severely damaged, resulting in either heavily
degraded beachfront elevations and ridges or submergence of the island from sediments being
redistributed by the storm surge. In coastal Louisiana, dune-line heights have been drastically reduced by
the storm activity. The Isle Dernieres and Chandeleur Island chains had losses in elevation and beach
erosion. In Mississippi and Alabama, dune elevations exceed those in Louisiana but have been reduced to
some extent due to storm activity. Hurricane Katrina completely inundated the western side of Dauphin
Island, Alabama, decreasing elevations to less than 2 m (7 ft). Hurricane Gustav then completely
overwashed the western edge of the island, resulting in large changes to the island’s shape and
topography (USDOI, GS, 2008). For tides to carry oil from a spill across and over the dunes, strong
southerly winds would have to persist for an extended time prior to or immediately after a spill. Strong
winds required to produce such high tides would also accelerate dispersal and spreading of the oil slick,
thereby reducing impact severity at the landfall site. Significant dune contact by a spill associated with a
CPA proposed action is not likely; however, the reduced degree of protection does make the mainland
beaches and habitat on the back side of the barrier islands more susceptible to oiling than they were under
pre-storm conditions if winds bring the oil shoreward.

The passage of these four powerful hurricanes within a 4-year period resulted in changes in barrier
island topography and lowered beach elevation. These changes could potentially increase the probability
for beach oiling farther up the beach in some locations. Due to the now more gentle slopes and in some
cases cuts into the mainland barrier beaches left by the storms, more of the transition zone between the
water and beach ridge may be more vulnerable to spills. In some areas along the Louisiana coast, barrier
islands were severely damaged either by heavily degrading beachfront elevations and beach ridges or by
completely overtopping the islands. This surge over the island resulted in either removing or completely
redistributing the sediments on the island, so the island becomes submerged. Along the
Mississippi/Alabama coast, barrier islands (e.g., Gulf Islands National Seashore chain and Dauphin
Island) were further eroded and inlets widened by the series of storms following Hurricanes Katrina and
Rita. The widening of inlets initiated by Katrina and Rita provided larger pathways for saltwater and oil
influx into the island wetlands. Grand Isle, Louisiana, and its beach restoration project were severely
damaged by Hurricanes Katrina and Gustav. These islands received oil on the beaches from the DWH
event.

Hurricane Rita in September 2005 severely impacted the shoreface and beach communities of
Cameron Parish in southwest Louisiana. These barriers lost elevation and vegetative cover as a result of
the erosion forces accompanying the storm surge and scour from storm-driven debris (Barras, 2007b).
The removal of vegetative cover and scour scars provides an avenue for additional erosion to occur as a
result of inlet formations and tidal rivulets. 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
provided by these barrier islands. The reduction in island elevation results in less frontline protection to
valuable marshes and makes urban and industrial areas protected by these marshes at a higher risk
(USDOC, NMFS, 2007a).

Hurricanes and tropical storms will remain a part of the Gulf Coast weather pattern and will 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.
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Navigation Channels, Vessel Traffic, and Pipeline Emplacements

The effects to coastal barrier beaches and associated dunes from pipeline emplacements, navigation
channel use and dredging, and the construction or continued use of infrastructure in support of a CPA
proposed action are expected to be restricted to temporary and localized disturbances. The estimated
0-1 pipeline landfalls projected in support of a CPA proposed action are not expected to cause significant
impacts to barrier beaches because of the use of nonintrusive installation methods, and no pipeline routes
are planned that would involve emplacement on barrier islands (Chapter 3.1.2.1.6). The estimated
0-1 gas processing plant would not be expected to be constructed on barrier beaches (Chapter
3.1.2.1.4.2). 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 CPA proposed action may contribute
to the continued use of such facilities. Maintenance dredging of barrier inlets and bar channels is
expected to occur, which, when combined with channel jetties, generally cause minor and localized
impacts on adjacent barrier beaches downdrift of the channel due to sediment deprivation. The greatest
effects from this are on the sediment starved coasts of Louisiana, where sediments are largely organic.
These impacts would occur whether a CPA proposed action is implemented or not. A CPA proposed
action is not expected to adversely alter barrier beach configurations significantly beyond existing,
ongoing impacts in localized areas downdrift of artificially jettied and maintained channels.

A CPA proposed action may extend the life and presence of facilities in eroding areas, which could
accelerate localized erosion. The strategic placement of dredged material from channel maintenance,
channel deepening, and related actions can mitigate adverse impacts upon those localized areas. With the
established importance of barrier islands as frontline protection for both coastal wetlands and mainland
infrastructure, there are no current or future plans for routing navigation channels (if needed) through
barrier islands.

A large temporary increase in vessel traffic in the CPA resulted from the DWH event. Large numbers
of specialty firefighting, dispersant, and skimmer vessels were concentrated around the Louisiana coast.
Skimmers, tugboats, sand barges, and dredges comprised the bulk of the vessel traffic that was in near
proximity to barrier islands as a result of berm construction. Due to the distance from the barrier islands
and slow speed of these vessels, it is unlikely these vessels markedly increased erosion rates of these
islands. As noted previously, the possibility of changes in current patterns as a result of sand mining and
sediment placement, may affect natural island building. In the short term, these vessels and dredges have
the potential to resuspend oiled bottom sediments that may exist in the area of these islands or mainland
shorelines. However, it is doubtful that cumulative erosion that results from increased vessel traffic
related to catastrophic spills would occur because the probability of catastrophic spills is small. This
being the case, there should not be a sustainable cumulative increase in the need for supply and support
vessels. This is because vessel traffic would either decrease or reach a state of equilibrium to meet the
needs of the working wells. A CPA proposed action is estimated to contribute 2-3 percent of the total
OCS traffic from 2012 through 2051 (Tables 3-3 and 3-4). Further details concerning vessel traffic can
be found in Chapter 3.1.1.8.4. Navigation channels projected to be used in support of a CPA proposed
action are discussed in Chapter 3.1.2.1.8.

Oil Spills

Sources and probabilities of oil entering waters of the Gulf and surrounding coastal regions are
discussed in Chapter 3.2.1. Inland spills that do not occur in the vicinities of barrier tidal passes are
more likely to contact the landward rather than the ocean side of a barrier island. Hence, no inland spills
are expected to significantly contact barrier beaches (Chapters 3.2.1.2.2, 3.2.1.7, and 3.2.1.8).

Most spills occurring in offshore coastal waters are assumed to proportionally weather and dissipate
before hitting the Louisiana coast. Dispersants are not expected to be used in coastal waters because
response techniques discourage their use in coastal waters to protect habitat and species. No calculation
has been made to estimate how much oil might be deposited on a beach if dispersants are not used.
Favorable winds and currents could further diminish the volume of oil that might contact a beach. For
example, a persistent, northwesterly wind might preclude contact. The strong winds (like those found
with strong tropical storms) that would be needed to produce unusually high tide levels would also
disperse the slick over a larger area than is considered in the current analysis. With the cumulative effect
of successive hurricanes continually lowering the barrier and dune elevations and creating erosion
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pathways in mainland beaches, the probability of beach oiling increases. The probabilities of spill
occurrence and contact with barrier beaches and sand-dune vegetation are considered low unless winds
are sufficient to elevate tides over the now reduced barrier island elevations. Hence, contact of sand-dune
vegetation by spilled oil is not expected to occur except in extreme storm conditions. Furthermore, the
Mississippi River discharge would help dissipate a slick that might otherwise contact Plaguemines Parish,
Louisiana. The mixing and spreading would reduce the oil concentrations contacting the beach and
vegetation, greatly reducing impacts on vegetation.

Hurricanes and tropical storms will continue to erode and lower elevations of the barrier islands and
to reduce their effectiveness as protection from inland oiling. While the probability of a catastrophic spill
like the DWH event is low, it still has the potential to occur. As a result, some barrier islands could be
oiled. Cleanup of these oiled islands and mainland beaches may involve utilizing heavy machinery that
further impacts both beach and littoral habitats. Based on the current analysis associated with the DWH
event, oil from offshore spills can lose many of its volatile and toxic components prior to onshore contact,
which would render the residual beached oil low in PAH and other toxic compounds (OSAT-2, 2011).
The form of the residual oil (i.e., tarballs, supratidal buried oil, or surfzone submerged oil mats) could
affect its rate of weathering and biodegradation. Some oil may penetrate to depths beneath the reach of
the cleanup methods. The remaining oil would persist in beach sands, periodically being released when
storms and high tides resuspend or flush through beach sediments. Long-term stressors, including
physical effects and the chemical toxicity of hydrocarbons, could lead to decreased primary production,
plant dieback, and further erosion (Ko and Day, 2004b). The OSAT-2 report (2011) found a 86-98
percent depletion of PAH in the weathered samples that were beached. 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). The weathered oils measured in the beach sediment did
not surpass any USEPA exceedances for aquatic wildlife, and the National Environmental Benefits
Analysis performed by the OSAT (2010) determined that the residual oil remaining after cleanup efforts
would be less damaging to the habitat and associated resources than continuing the cleanup effort.

Protective measures such as berm building (as discussed in the river channelization and beach
protection section in this chapter) to prevent oiling may further impact barrier islands through increasing
compaction, altering currents, and removing sand supplies needed for natural barrier island formation.
The barrier beaches of Deltaic Louisiana have the greatest rates of erosion and landward retreat of any
known in the western hemisphere, and among the greatest rates on earth. Long-term impacts to contacted
beaches from these spills could occur if significant volumes of sand were removed during cleanup
operations. Removing sand from the coastal littoral environment, particularly in the sand-starved
transgressive setting of coastal Louisiana, could result in accelerated coastal erosion. Spill cleanup is
difficult in the inaccessible setting of coastal Louisiana. This analysis assumes that Louisiana would
require the responsible party to clean the beach without removing significant volumes of sand or to
replace the sand removed. Hence, cleanup operations are not expected to cause permanent effects on
barrier beach stability. Within a few months, adjustments in beach configuration may result from the
disturbance and movement of sand during cleanup. Mechanized cleanup was used in Alabama and
Florida to remove tarballs from recreational beaches. While sand was not removed, but sifted in place to
remove tarballs, scientists acknowledge that until long-term monitoring results have been analyzed, it is
too soon to determine if there will be long-term effects on specific interstitial organisms that live in the
sands of the beach face.

The results of an investigation on the effects of the disposal of oiled sand on dune vegetation in Texas
showed no deleterious impacts on existing vegetation or colonization of the sand by new vegetation
(Webb, 1988). Hence, projected oil contacts to small areas of lower elevation sand dunes are not
expected to result in destabilization of the sand dune area or the barrier landform.

The cumulative effect of aging infrastructure has the potential for increasing spills from older
pipelines, platforms, and refineries. Typically, older pipelines are not as easily remotely monitored for
potential problems or failures as the newer pipelines. The newer pipelines are manufactured to a more
stringent safety standard and are constructed so that they may be easily inspected by instruments or
manually. Spills are more likely to result from the older facilities, especially during storm conditions,
because of the age of the pipeline or structure and the lack of newer superstructure designed to withstand
major storms. To the extent that improperly abandoned and marked shallow-water wells exist in State
waters, they may increase the potential for spills through vessel contact and leaks. Without closer
monitoring and inspection by the states responsible for regulating State waters, the cumulative effect of
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the old improperly abandoned wells and infrastructure could potentially result in more frequent spills
impacting barrier beaches and dunes.

Recreational Use and Tourism

Most barrier beaches in the CPA are relatively inaccessible for regular recreational use because they
are either located a substantial distance offshore as in Mississippi or are in coastal areas with limited road
access as in Louisiana. Few beaches in the CPA have been, or are likely to be, substantially altered to
accommodate recreational or industrial construction projects in the near future.

Most barrier beaches in Alabama and Florida are accessible to people for recreational use because of
road access, and their use is encouraged. 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 waves and traffic. Recreational vehicles and even hikers have caused problems where
road access is available and the beach is wide enough to support vehicle use as in Alabama, Florida, and a
few places in Louisiana. Areas without road access have limited impacts by recreational vehicles. A
CPA proposed action would not provide any additional access that would result in an additive cumulative
impact to the barrier beaches and dunes.

There will continue to be seaside real-estate development where road access is available. The
protection of dunes, beaches, and coastal environments will be regulated through the Coastal Zone
Management (CZM) program. This assures that projects are constructed consistent with the Federal CZM
guidelines in order to preserve the integrity of the coastal ecosystem. Due to the continued occurrence of
hurricanes, aging infrastructure, and proximity of some of the beaches to the oil production platforms, the
possibility still exists of oil spills reaching recreational and barrier beaches. The potential for damage
from oil cleanup can be minimized through utilizing nonintrusive removal techniques should the spill
reach the shore.

Summary and Conclusion

River channelization, sediment deprivation, tropical and extra-tropical storm activity, sea-level rise,
and rapid submergence have resulted in severe and rapid erosion of most of the barrier and shoreline
landforms along the Louisiana coast. The barrier system of coastal Mississippi and Alabama is also
supported on a coastal barrier platform of sand. Beach stabilization projects, such as groins and jetties,
are considered by coastal geomorphologists and engineers to accelerate coastal erosion. Beneficial use of
maintenance dredged materials and other restoration techniques could be required to mitigate some of
these impacts.

The impacts of oil spills from both OCS and non-OCS sources to the sediment-deficient Louisiana
coast should not result in long-term alteration of landforms, provided the beaches are cleaned using
techniques that do not significantly remove sand from the beach or dunes. The barrier beaches of deltaic
Louisiana and the Chenier Plain have the greatest risks of sustaining impacts from oil-spill landfalls
because of the high concentrations of oil production near those coasts. However, the majority of inshore
spills are assumed to be small in scale (77 bbl; Chapter 3.2.1.7.1) and short in duration; therefore,
impacts would be minor. Qil from most offshore spills is assumed to be weathered and normally treated
offshore; therefore, most of the toxic components have dissipated by the time it would contact coastal
beaches. The cleanup impacts of these spills could result in short-term (up to 2 years) adjustment in
beach profiles and configurations as a result of sand removal and disturbance during the cleanup
operations. Some contact to lower areas of sand dunes is expected. These contacts would not result in
significant destabilization of the dunes. All cleanup efforts would be monitored to ensure the least
amount of disturbance to the areas. The long-term stressors to barrier beach communities caused by the
physical effects and chemical toxicity of an oil spill may lead to decreased primary production, plant
dieback, and further erosion. As found in the OSAT-2 report (2011) referenced above, the level of toxics
found in buried or weathered oil on the beach or dune face should be evaluated prior to cleanup
operations. The report noted that, in some cases, the toxic level was sufficiently low and would continue
to decline; therefore, there was more risk of damaging habitat and biota from clean up than leaving the
weathered oil in place.
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Under the cumulative scenario, one new OCS-related and non-OCS pipeline landfalls are projected.
These pipelines are expected to be installed using modern techniques, which cause little to no impacts to
the barrier islands and beaches. Existing pipelines, in particular those that are parallel and landward of
beaches, that were placed on barrier islands using older techniques and that left canals or shore protection
structures have caused and would continue to cause barrier beaches to narrow and breach. A CPA
proposed action projects 0-1 pipeline landfalls, and in the event that a pipeline landfall occurs, there
would likely be no effect to barrier islands due to permitting and siting requirements and current
construction techniques. Aging pipelines and infrastructure continue to be problematic, and the potential
for spills could exist until they are replaced. Improperly abandoned wells can also have a potential to
create spills, especially in the shallow State waters.

Recreational use of many barrier beaches in the WPA is intense due to their accessibility by road,;
however, because of the inaccessibility of most of the CPA barrier coast to humans, recreational use is not
expected to result in significant impacts to most beaches. In conclusion, coastal barrier beaches have
experienced severe adverse cumulative impacts from natural processes and human activities. Natural
processes are generally considered the major contributor to these impacts, whereas human activities cause
both severe local impacts and the acceleration of natural processes that deteriorate coastal barriers.
Human activities that have caused the greatest adverse impacts are river channelization and damming,
pipeline canals, navigation channel stabilization and maintenance, and beach stabilization structures.
Deterioration of Gulf barrier beaches is expected to continue in the future. Federal, State (Louisiana), and
parish governments have made efforts over the last 10 years to slow the landward retreat of Louisiana’s
Gulf shorelines.

The SCAT maps and new data available since the DWH event that are incorporated into this EIS
provide valuable information on the status of coastal barrier beaches and dunes that may have been
impacted by the event. The BOEM acknowledges that there remains incomplete and unavailable
information that may be relevant to reasonably foreseeable significant impacts on barrier beaches and
associated dunes. This incomplete or unavailable information includes potential data on the DWH event
that may be forthcoming. As there is substantial information available since the DWH event which is
included in this EIS, BOEM believes that the incomplete or unavailable information regarding effects of
the DWH event on coastal barrier beaches and dunes would likely not be essential to a reasoned choice
among alternatives. The bulk of this information is expected to be developed through the ongoing NRDA
process. To date, relatively little raw data have been released publicly by the NRDA process, and it may
be years before studies are completed and results are released. This information will certainly not be
available within the timeframe contemplated by this NEPA analysis. Regardless of the costs involved, it
is not within BOEM’s ability to obtain this information from the NRDA process within the timeline of
this EIS. BOEM subject-matter experts have used what scientifically credible information is available in
their analyses, applied using accepted scientific methodology. Compared with the historic and ongoing
threats to coastal barrier beaches and dunes, such as development threats, natural factors such as
hurricanes, and channelization, any remaining effects of the DWH event on coastal barrier beaches and
dunes is expected to be small.

A CPA proposed action is not expected to adversely alter barrier beach configurations significantly
beyond existing, ongoing impacts in localized areas downdrift of artificially jettied and maintained
channels. A CPA proposed action may extend the life and presence of facilities in eroding areas, which
would accelerate erosion in those areas. Strategic placement of dredged material from channel
maintenance, channel deepening, and related actions could mitigate adverse impacts upon those localized
areas. A CPA proposed action is not expected to increase the probabilities of oil spills beyond the current
estimates. Thus, the incremental contribution of a CPA proposed action to the cumulative impacts on
coastal barrier beaches and associated dunes is expected to be small.

4.2.1.4. Wetlands

The full analyses of the potential impacts of routine activities and accidental events associated with a
CPA proposed action and a proposed action’s incremental contribution to the cumulative impacts are
presented in this EIS. A summary of those analyses and their reexamination due to new information and
in consideration of the DWH event is presented in the following sections. A brief summary of potential
impacts follows. Effects to coastal wetlands from the primary impact-producing activities associated with
a CPA proposed action are expected to be low. The primary impact-producing activities associated with
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routine activities for a CPA proposed action that could affect wetlands include pipeline emplacement,
construction and maintenance, navigational channel use (vessel traffic) and maintenance, disposal of OCS
energy-related wastes, and use and construction of support infrastructure in these coastal areas. Vessel
traffic associated with a CPA proposed action is expected to contribute minimally to the erosion and
widening of navigation channels and canals. Deltaic Louisiana is expected to continue to experience the
greatest loss of wetland habitat, primarily from sources unrelated to OCS energy production. Wetland
loss is similarly expected to continue in coastal Texas, Mississippi, Alabama, and Florida, but at slower
rates. The incremental contribution of a CPA proposed action to the cumulative impacts on coastal
wetlands is expected to be very small.

Routine activities in the CPA such as pipeline emplacement, navigational channel use, maintenance
dredging, disposal of OCS wastes, and construction and maintenance of OCS support infrastructure in
coastal areas are expected to result in low impacts. Indirect impacts from wake erosion and saltwater
intrusion are expected to result in low impacts, which are indistinguishable from direct impacts from
inshore activities. The potential impacts from accidental events, primarily oil spills, are anticipated to be
minimal. The incremental contribution of a CPA proposed action’s impacts to the cumulative impacts to
wetlands is small and expected to be negligible.

4.2.1.4.1. Description of the Affected Environment

The current evaluation of wetland trends in the U.S. covering the period from 1998 to 2004 indicated
that there were slightly more than 5.3 million ac (2.1 million ha) of marine and estuarine wetlands in the
conterminous United States (Dahl, 2006). Eighty-six percent of that total area was vegetated wetland.
The intertidal and estuarine components of these vegetated wetlands declined by an estimated 28,416 ac
(11,580 ha) and 32,400 ac (13,120 ha), respectively, between 1998 and 2004. Estuarine nonvegetated
wetlands experienced a net gain of an estimated 4,000 ac (1,620 ha); marine intertidal shorelines declined.
While there was an overall net gain in wetlands acreage nationally in wetland acreage between 1998 and
2004, coastal Louisiana, which contains about 37 percent of the estuarine herbaceous marshes in the
conterminous United States and which supports the largest commercial fishery in the lower 48 States,
currently accounts for about 90 percent of the total coastal wetland loss in the continental United States
(Couvillion et al., 2011) These analyses show that coastal Louisiana has undergone a net change in land
area of about -1, 883 mi (-4,877 km?) from 1932 to 2010. This net change in land area amounts to a
decrease of about 25 percent of the 1932 land area. Ninety-five percent of this loss is due to continual
loss of land through subsidence, saltwater intrusion, etc. The remaining open-water areas are in potential
transition back to marsh, but it is too early to tell if these marshes have been lost through conversion to
open water or have converted to open water and are still transitioning from scour-induced open water that
may return as marsh. Trend analyses from 1985 to 2010 show a wetland loss rate of 16.57 mi?
(42.92 km?) per year (Couvillion et al., 2011). If this loss were to occur at a constant rate, it would equate
to Louisiana losing an area the size ‘of one football field per hour. The use of 17 datasets plus the
application of consistent change criteria in Couvillion’s study provide opportunities to better understand
the timing and causal mechanisms of wetland loss that are critical for forecasting landscape changes in the
future.

The importance of coastal wetlands to the coastal environment has been well documented. One of the
important functions of coastal marshes and barrier islands 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 concentrations of
organisms. Emergent plants produce the bulk of the energy that supports salt-marsh dependent animals.
The description of the wetlands resources that follows includes the historical types and location of the
various wetland resources, the existing condition of these resources after several years of unprecedented
hurricane activity, and possible effects from exposure of these resources to oil (based on current publicly
available data) from the DWH event.

In general, coastal wetland habitats occur as bands around waterways. They are broad expanses of
saline, brackish, and freshwater marshes; mud and sand flats; forested wetlands that consist of cypress-
tupelo swamps; and mangrove and bottomland hardwood forests. Saline and brackish habitats support
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sharply delineated and segregated stands of single plant species. Fresh and low-salinity environments
support more diverse and mixed communities of plants.

General Existing Condition of Louisiana Coastal Wetlands

According to the U.S. Department of the Interior, during the mid-1980’s, 28 percent of Louisiana
(3,557,520 ha; 8,790,823 ac) was considered wetlands (Dahl, 1990; Henfer et al., 1994). Wetland loss
rates in coastal Louisiana are well documented to have been as high as 10,878 ha/yr (42 mi?/yr) during the
late 1960’s. Studies have shown that the landloss rate in coastal Louisiana for the period 1972-1990
slowed to an estimated 6,475 ha/yr (25 mi®/yr) (Louisiana Coastal Wetlands Conservation and Restoration
Task Force, 1993). Over the next 50 years, Louisiana is projected to lose almost 17 mi®/yr (4,403 ha) of
coastline due to storms, sea-level rise, and land subsidence (Government Accountability Office, 2007). A
recent evaluation of landloss rates suggests that landloss is not occurring as rapidly as previously
estimated and that it has been relatively stable from the 1970’s through 2004 (Barras et al., 2008). Barras
et al. (2008) states that, during 1985-2004, the majority of the coastal landloss occurred on the Deltaic
Plain at a rate of 3,885-4,144 halyr (15-16 mi%/yr). For the same period, the Marginal Deltaic Plain
showed a slight increase in land at a rate of 155 ha/yr (0.6 mi’yr) as a result of the growth of the
Atchafalaya River and Wax Lake Delta Complexes. However, the Chenier Plain loss rate remained fairly
stable at 518 ha/yr (2 mi°/yr). The overall rate of coastal landloss between 1985 and 2004 was
approximately 3,108 ha/yr (12 mi?/yr). Annual rates of coastal landloss for 1985-2006 increased from
777 halyr (3 mi?/yr) to 3,885 ha/yr (15 mi%/yr), relative to the 1985-2004 trends. This 777 ha/yr (3 mi%/yr)
increase reflects the hurricane-induced acceleration of landloss. To demonstrate the effects of Hurricanes
Katrina and Rita, the study also analyzed the loss rates between 2004 and 2006. During this period, open
water (indicates landloss) increased coastwide by 51,282 ha (198 mi?), the equivalent of 70 percent of the
cumulative loss from 1978 to 2004. Hurricanes Katrina and Rita increased open water in coastal
Louisiana by 56,720 ha (219 mi?) between 2004 and 2005. However, between 2005 and 2006 recovery
increased the land base by 5,439 ha (21 mi?) in a short period of time. The land gain between 2005 and
2006 is equal to approximately 10 percent of the landloss (56,203 ha; 217 mi?) estimated for 2004-2005
(Barras, 2006).

Chenier Plain

The Chenier Plain formed between Port Bolivar, Texas, and Atchafalaya Bay in Louisiana as a result
of storms and tidal currents reworking and depositing the sediments of the Mississippi River and its delta
over the past several thousand years. As a result, few tidal passes are found along this coast as compared
with eastern Louisiana. This reduction in the tidal passes reduces movement of saline waters. As the area
filled in, a series of shell and sand ridges formed parallel or oblique to the present-day Gulf Coast, and
these ridges were later abandoned as sea level continued to fall. Mudflats formed between the ridges
when localized hydrologic and sedimentation patterns favored deposition (summarized from USDOI, GS,
1988). This intermittent deposition isolated entrenched valleys from the Gulf, forming large lakes such as
Sabine, Calcasieu, White, and Grand (Gosselink et al., 1979; Fisher et al., 1973). The eastern Chenier
Plain that comprises the Calcasieu/Sabine Basin in Cameron and Calcasieu Parishes (southwest
Louisiana) is approximately 630,000 ac (254,952 ha). This Basin contains about 312,500 ac (126,464 ha)
of wetlands consisting of 32,800 ac (13, 274 ha) of fresh marsh, 112,000 ac (45,325 ha) of intermediate
marsh, 158,200 ac (64,021 ha) of brackish marsh, and 9,500 ac (3,845 ha) of saline marsh (LaCoast.gov,
2010c). A total of 122,000 ac (49,373 ha) (28%) has been lost since 1932. Calcasieu and Sabine Lakes
are the major waterbodies within the basin, and freshwater inflow to the basin occurs primarily through
these lakes via the Calcasieu and Sabine Rivers. Marshes within the basin historically drained into these
two large lakes. The Chenier Plain supports an extensive marshland interspersed with large inland lakes
formed in river valleys that were drowned after the last glaciation (Mac et al., 1998). Brackish and
intermediate salinity marshes are dominant in the estuarine areas of the Chenier Plain. They are tidal with
wind-driven tides being more influential, and they occasionally inundate these areas. Since salinity in this
area ranges broadly, these habitats support a mix of marine and salt-tolerant freshwater plants with marsh-
hay cordgrass (Spartina patens) generally dominant. These habitats are the most extensive and
productive in coastal Louisiana.
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Freshwater wetlands are extensive in the Chenier Plain due to the abundant rainfall and runoff,
coupled with a ridge system that retains freshwater and restricts the inflow of saline waters. Plant
communities of freshwater marshes are among the most diverse of sensitive coastal environments.
Annuals have a much greater presence in freshwater marshes than in estuarine areas. Dominance changes
from season to season as a result of year-round, seed-germination schedules. Tidal influences are
minimal in these areas, although strong storms may inundate the area. This could either raise the salinity
from seawater coming in or lower the salinity with increased precipitation. Depending on the species, this
could case salinity and flooding stress. Detritus is not as readily exported and accumulates in the Plain,
and it supports additional plant growth. Freshwater marsh plants are generally more buoyant than
estuarine plants. In areas where detritus is thick, marsh plants may form floating marshes (flotants).
Flotants occur in very low-energy environments. They are held together by surrounding shorelines and a
weave of slowly deteriorating plant materials and living roots. Forested wetlands only occur in the flood
plain regions of major streams, along the northern margin of the Chenier Plain. There, cypress-tupelo
swamps grade through stands of black willow to bottomland hardwoods (LaCoast.gov, 2010c).

Subsidence and sea-level rise are natural processes that contribute to wetland deterioration, but under
pristine conditions, marsh building and maintenance processes can maintain the coastal marshes through
normal subsidence and sea-level rise. The combination of subsidence and sea-level rise in the
Calcasieu/Sabine Basin is approximately 0.25 infyr (6 mm/yr) (LaCoast.gov, 2010c). However, due to
manmade alterations to the basin hydrology, the natural wetland-building process no longer occurs at its
historic rate. These factors, in combination with tropical storms, continue to deteriorate the Chenier
Plain. In the Sabine Basin, the natural wetland-building processes no longer occur, but natural marsh
maintenance processes can be fairly effective at keeping wetland loss rates low. As noted in the section
above (“General Existing Condition of Louisiana Coastal Wetlands”), the Chenier Plain loss rate
remained fairly stable at 518 ha/yr (2 mi’/yr) between 1985 and 2004, while other areas of coastal
Louisiana deteriorated rapidly (Barras et al., 2008).

The Louisiana coast was impacted by a series of successive Category 3 and 5 hurricanes between
2005 and 2008. The Chenier Plain was subjected to extreme flooding and erosion along the coastal
beaches and marshes. While it is too early to quantify the damages incurred to the existing resource,
further discussion of the storms’ effects can be found in the “Hurricanes” section below. In addition to
these natural effects, the coastline and the adjacent wetlands were exposed to oil from the DWH event,
which occurred off the Louisiana coast in April 2010. The portion of the Chenier Plain previously
exposed to oil from the DWH event is currently identified as oil free, with no oil observed from the
Texas/Louisiana border through the Atchafalaya Basin in Louisiana (USDOC, NOAA, 2011f [ERMA,
September 28, 2011]).

Mississippi River Delta Complex

The Mississippi River Delta Complex forms a plain that is composed of a series of overlapping
riverine deltas that have extended onto the continental shelf over the past 6,000 years. Wetlands on this
deltaic plain are the most extensive of those within the northern Gulf of Mexico. Sparse stands of black
mangrove are found in the highest salinity areas of the Barataria and Terrebonne Basins. Extensive salt
and brackish marshes are found throughout the southern half of the plain and east of the Mississippi
River. Further inland, extensive intermediate and freshwater marshes occur. East of the Mississippi
River and south of Lake Pontchartrain, Louisiana, very few intermediate and freshwater wetlands
occurred until the Caernarvon Freshwater Diversion was intermittently put into action in 1993. In
freshwater areas, cypress-tupelo swamps are found flanking the natural levees and in areas that are
impounded by dredged materials, levees, or roads. Bottomland hardwoods are on the numerous natural
levees and in drained levee areas (USDOI, MMS, 2007c).

Except for leveed areas and the delta and basin of the Atchafalaya River, all of the Mississippi River
deltas are generally experiencing succession towards wetter terrestrial and deeper water habitats. This is
due to deltaic abandonment (which is historically naturally occurring, but has been altered by
anthropogenic actions recently) and human actions and their ensuing erosion. Most of these wetlands are
built upon highly organic soils that are easily eroded, compacted, and oxidized. There are two actively
building deltas in this area. The more active is in Atchafalaya Bay at the mouths of the Atchafalaya River
and its distributary, Wax Lake Outlet. Because the Red River and approximately 30 percent of the
Mississippi River have been diverted to the Atchafalaya River, large volumes of sediment are being
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delivered to the shallow bay. As a result, extensive freshwater marshes, swamps, and bottomland
hardwood forests are found in this river basin, and relatively few estuarine marshes.

The less active delta is at the mouth of the Mississippi River, which is referred to as the Belize or
Birdfoot Delta. The Mississippi River has been channelized through most of this delta. This
channelization greatly reduced the volume of sediments that the River contributes to its delta and the
longshore currents near the mouths of its distributaries. A few manmade diversions have been installed
and others are in the planning stage. Diversions are designed to deliver water rather than sediments to
this delta. However, through the Louisiana Coastal Wetlands Planning, Protection and Restoration Act
Program (LaCoast.gov, 2010a), projects are being either planned or designed to provide not only
additional freshwater diversions but also sediment delivery projects that are intended to assist in creating
and restoring marshes in the Mississippi Deltaic Plain (LaCoast.gov, 2010b). Some of these projects
include manmade crevasses in the Mississippi River levee. Examples are the Delta Wide Crevasse
project, which is intended to create marsh; the Mississippi Channel Armor Gap and West Bay projects,
which are designed as sediment and water diversions; and the Barneys Bay Diversion, which is intended
to provide water and sediment to the disappearing marsh zones (LaCoast.gov, 2010b). The State of
Louisiana is also utilizing dustpan dredges in these areas for deposition of sediment to these sediment-
starved areas of the coast. Smaller shoreline regressions also occur as a result of jetties located on the
eastern end of Grand Isle, the western end of Caminada-Moreau Beach, the Empire Navigational Canal,
and elsewhere.

Most dune zones of the Mississippi River Delta contain low, single-line dune ridges that may be
sparsely to heavily vegetated. Generally, in this area the vegetation on dune ridges gets denser as the time
between storms increases. The shorefaces of the Mississippi River Delta Complex generally slope very
gently seaward, which reduces wave energies at the shorelines. Mud flats are exposed during very low
tidal events. The slope here is not as shallow as that found off the Chenier Plain. The steepest shoreface
of the delta is found at the Caminada-Moreau Coast, where the greatest rates of erosion are seen. At this
site, the longshore currents split to the east and west, which removes sand from the area without
replenishment (Wolfe et al., 1988; Wetherell, 1992; Holder and Lugo-Fernandez, 1993).

Unfortunately, the past decade has seen an increase in tropical storm activity for the GOM. Hurricane
Katrina (August 2005) caused severe erosion and landloss for the coastal barrier islands of the Deltaic
Plain. Currently, the intense hurricane activity in the Gulf over the past 6 years has accelerated either
wetland loss or changes in composition or pattern of wetland vegetation in the area. This has occurred
with the help of both manmade and storm-induced changes in hydrology (Steyer et al., 2008), which have
resulted in salinity changes and the removal of protected headlands or beaches. Further discussion of
changes in the delta hydrology and damages to wetlands from Hurricanes Katrina, Rita, ke, and Gustav
can be found under the “Hurricanes” section below.

Aside from the effects of these tropical storms, the Mississippi River Delta Complex and the majority
of the Louisiana coast were exposed to some degree of oiling from the DWH event. Based on the review
of currently available SCAT maps (USDOC, NOAA, 2011f [ERMA, September 28, 2011]) and field
observations, the majority of the shoreline from the Atchafalaya Delta to the Mississippi River Delta, with
the exception of the Bay Jimmy, is currently either categorized as not oiled or with small areas (2.8 km;
1.8 mi) that have a mixture of no oil and lightly oiled (USDOC, NOAA, 2011f [ERMA, September 28,
2011]). In the Bay Jimmy area as described above (“General Existing Conditions of Louisiana Coastal
Wetlands”), there are some remnants of heavy to moderate oiling in the fringe marshes along interior
canals and inland cove shorelines of the backside and gulf side islands that form Bay Jimmy. Only some
of the NRDA data is publicly available, and there are currently no publicly available NRDA data analyses
or interpretations. Therefore, the effects of the oil exposure can only be discussed with publicly available
data such as the OSAT and OSAT -2 reports (2010 and 2011) and publicly available independent research
reports.

Findings of the OSAT and OSAT-2 reports (2010 and 2011) provide insight as to the condition of the
weathered oil that reached the shoreline. The weathered samples collected showed 86-98 percent
depletion of total PAH (OSAT-2, 2011). It was also noted that since August 2010 there have been no
USEPA exceedances for aquatic life benchmarks in sediment or water samples, including those samples
taken near beaches and inland. Sediment contamination was limited to areas up to 3km (~2mi) from the
wellhead of the DWH event (OSAT, 2010). In most locations, the modeling results indicate that PAH
concentrations will decrease by 20 percent of their current level (OSAT, 2010). The DWH event was a
deep-sea spill under high pressure. Therefore, the oil released underwent rapid dispersion and dilution, so
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it was in a form available for biodegradation (Atlas and Hazen, 2011). Over 40 percent of the oil was lost
between the wellhead and the surface due to dissolution, mixing, and evaporation once it reached the
surface. Surface oil analysis indicated that the volatile organic compounds were dissolved or evaporated
before reaching shore (Atlas and Hazen, 2011). Even though the oil reaching vegetated shorelines had
been greatly reduced in toxicity, the lack of oxygen in marsh soils may require a longer time for complete
weathering through biodegradation to occur.

Oiled shorelines along Bay Jimmy in Barataria Bay and the Birdsfoot Delta of the Mississippi River
were evaluated for effects related to the DWH event (Kokaly et al., 2011). Findings of the Kokaly et al.
study indicate that the Bay Jimmy area was dominated by Spartina alterniflora and Juncus roemerianus
marsh grasses, which are both short in height and susceptible to being fully oiled depending on tidal
conditions (Kokaly et al., 2011). The average inland or “oil-damage penetration zone” in this area
extended inland to 6.7 m (22 ft); however, the maximum “oil-damaged penetration zone” was up to 19 m
(62 ft) inland in some areas. In the Barataria Bay, oil effects on vegetation ranged from lightly oiled
sections of stems to oil-damaged canopies. There were also broken stems due to incoming surface oil on
higher tides (Kokaly et al., 2011). In the Birdsfoot Delta the predominant marsh grass is taller and less
susceptible to complete oiling; thus, vegetative damage appears minimized. Indicators of both further
degradation and recovery were seen at both Barataria Bay and Birdsfoot Delta. Some wetlands showed
great reductions in live vegetation and evidence of sediment erosion. However, in other wetlands,
damaged zones had signs of growth and recovery. This was evident with regrowth of vegetation of up to
10 percent of the area assessed (Kokaly et al., 2011). Further study is being initiated to determine if the
underground root mass sustains a more complete recovery of these marshes.

Mississippi and Alabama

According to DOI, during the mid-1980’s, 14 percent of Mississippi and 8 percent of Alabama were
considered wetlands (Dahl, 1990; Henfer et al., 1994). Historically, vegetated coastal wetlands along the
Mississippi coast included salt and brackish marshes, tidal freshwater marshes and swamps, and
submerged aquatic vegetation beds. Between 1930 and 1973, approximately 8,170 ac (3,308 ha) of
coastal marshes were filled for industrial and residential uses.

It was estimated in 1973 that Mississippi contained over 66,108 ac (26,764 ha) of salt marshes and
approximately 823 ac (33 ha) of freshwater marshes (MISSISSIpE)I Dept. of Marine Resources, 1999).
Today, Mississippi has approximately a total of 72,000 ac (113 mi) of designated crucial coastal wetland
habitat (Mississippi Dept. of Marine Resources, 2006). Bottom-land forests, swamps, and fresh marshes
account for most of Mississippi’s wetland acreage. Estuarine wetlands are the second most common
wetlands in Mississippi and could include marshes, mud flats, and forested wetlands. The estuarine
marshes around Mississippi Sound and associated bays occur in discontinuous bands. The most extensive
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, perhaps reflecting the more stable substrate,
active and less disrupted sedimentation patterns, and occurrence of only minor canal dredging and
development. Urban and suburban growths are suggested as the greatest contributors to direct coastal
wetland loss in Mississippi and Alabama. Mississippi had a loss with the original 10 million ac
(4 million ha) of marshes in the 1780’s dwindling to approximately 4 million ac (1.6 million ha) by the
1900’s, representing a 59 percent loss (Dahl, 1990). Coastal Mississippi is predominantly salt marsh
habitat with very little fresh marsh. The observed loss rates in coastal Mississippi reflect this discrepancy
in habitat with losses of 64,000 ac (25,900 ha) of salt marsh and only 800 ac (324 ha) of fresh marsh
(Swann, n.d.).

The Gulf Coast of Alabama extends the length of the state, a distance of only 74 km (46 mi)
(Alabama Coastal Area Board, 1980). The coastline includes the estuaries and inlets that cover a greater
distance of 981 km (610 mi) (Horn, 2006). Two large drainage basins empty into the northern Gulf of
Mexico within coastal Alabama; they are the Perdldo River Basin and the Mobile River Basin. The
Perdido Basin encompasses 3,238 km? (1,250 mi?) of Alabama and Florida (Sturm et al., 2007). The
Mobile Basin is the sixth largest dramage area and the fourth largest river basin in terms of flow volume
in the United States. The 111,370-km? (43,000-mi?) Mobile Basin encompasses parts of Tennessee,
Georgia, Mississippi, and Alabama (Isphording and Flowers, 1990; Johnson et al., 2002).
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The coastal lowlands of Alabama, with gently undulating to flat topography, basically follow the
shoreline along the Gulf of Mexico and Mobile, Perdido, and Bon Secour Bays (Sapp and Emplaincourt,
1975). The ecological environments and geomorphology consist of features such as wetlands (e.g., tidal
marsh), two large peninsulas, a delta, lagoons, islands, and bays. The presence of a high water table with
a range of salinities gives rise to the abundance of various wetland habitat types that are found within
Alabama’s coastal area. The largest bays of coastal Alabama stated in size order include Mobile Bay,
Perdido Bay, and Bon Secour Bay. The largest of these is Mobile Bay and it was formed within a
submerged river valley (Chermock, 1974). A portion of Perdido Bay is also in Florida and contains areas
populated by seagrasses. The Mississippi Sound estuary, located behind the offshore barrier islands,
extends from southwestern Mobile Bay and borders the entire southern Mobile County and Mississippi
coastlines. The Mobile, Tensaw, and Blakeley Rivers flow southward to Mobile Bay through the Mobile-
Tensaw Delta. The alluvial-deltaic plain is located at the terminus of Mobile Bay to northward along the
Mobile-Baldwin County line. Topographically, the Mobile-Tensaw Delta is flat and generally below 6 m
(20 ft) in elevation. Additionally, other major coastal tributaries include Dog and East Fowl Rivers on the
western side of Mobile Bay and the Blakeley, Fish, Magnolia, and Bon Secour Rivers on the eastern side
of the Bay. West Fowl and Escatawpa Rivers discharge into Mississippi Sound, and the Perdido and
Blackwater Rivers are located at the northern end of Perdido Bay. Alabama has approxmately
118,000 ac (184 mi®) of coastal wetlands, of which approxmately 75,000 ac (117 mi?) are forested;
4,400 ac (9 mi®) are freshwater marsh; and 35,400 ac (55 mi?) are estuarine marsh (Wallace, 1996). Most
coastal wetlands in Alabama occur on the Mobile River Deita or along the northern Mississippi Sound.
In Alabama, approximately 15,000 ac (6,070 ha) of salt marsh were lost as opposed to 11,000 ac
(4,452 ha) of fresh marsh. Based on historical records, Alabama had approximately 7.6 million ac
(3.1 million ha) of marsh in the 1780°s and, by the 1980’s, was left with 3.6 million ac (1.5 million ha),
representing a 50 percent loss in marsh acreage.

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. The
embayments and shallow-water environments in these coastal waters also have estuarine aquatic beds that
may include submergent or floating vegetation (Swann, 2010). The existing conditions associated with
channel maintenance (dredging and filling), bank armoring, vessel wakes, propeller wash, coastal
development, subsidence, and sea-level rise will continue as part of sources aggravating the loss of
coastal marshes. Federal and State coastal initiatives (e.g., CIAP and CWPPRA) are either ongoing or
being expanded to restore, protect, or construct wetlands and further prevent coastal wetland loss. Overall
coastal wetlands in these areas have been greatly reduced to approximately 50 percent of historical values.
The sparse data available since the 1980’s suggest that losses have slowed (Swann, n.d.). Another
important factor in wetland loss over the past 6 years has been the extremely active hurricane season.

These natural forces, along with the currently unknown long-term effects of the DWH event, may
further affect the sustainability of these coastal marshes. There were 9 and 81 mi (14 and 130 km),
respectively, of shoreline in Mississippi exposed to either heavy or light shoreline oilings by October
2010. The SCAT observations are not indicating any moderate to heavy oil exposure along the Alabama
shoreline, but some light oiling was noted along 60 mi (97 km) of shoreline. Florida had no heavily oiled
shoreline as of the October 2010 report date, but 114 mi (183 km) of light to traces of oil were found
along the Alabama shoreline at that time. Based on the review of the September 28, 2011, SCAT maps
(USDOC, NOAA, 2011f [ERMA]) and observations, no oil was observed along the Mississippi coastline
with the exception of small amounts of lightly oiled bayside beaches of the outer barrier islands of Ship,
Horn and Petit Bois. There were very small (less than a mile) areas of moderate oiling on the back side of
both Horn and Petit Bois Islands. These beaches are currently being cleaned. The September 28, 2011,
SCAT maps (USDOC, NOAA, 2011f [ERMA]) and observations are likewise not identifying any
Alabama coastline as showing any oiling. While NRDA findings are still not publically available, there is
now more known about the fate and condition of this oil based on the OSAT reports (2010 and 2011).
The OSAT report noted that, since August 2010, there have been no exceedances for USEPA aquatic life
benchmark for PAH’s in either sediments or water sampled at distances >3 km (~2 mi) from the DWH
well head (OSAT, 2010). In addition, it was noted that 86-98 percent of the total PAH was depleted
during the weathering process while being transported to shore.
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Hurricanes

The intensity and frequency of hurricanes in the Gulf over the last decade has greatly impacted the
system of protective barrier islands, beaches, and dunes and associated wetlands along the Gulf Coast.
Within the last decade, the Gulf Coast of Texas, Louisiana, Mississippi, Alabama, and to some degree
Florida have experienced five major hurricanes (lvan, Katrina, Rita, Gustav, and Ike). As a result of
losing 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 post-Hurricanes Katrina and Rita estlmates of land change made by USGS (Barras, 2006)
indicated that there was an increase of 217 mi? (562 km?) of open water followmg the storm Based on
the analysis of the latest satellite imagery (Barras, 2007b), approximately 82 mi? (212 km?) of new open-
water locations were in areas primarily impacted by Hurricane Katrina (e.g., MISSISSIppI Rlver Delta
Basin, Breton Sound Basin, Pontchartrain Basin, and Pearl River Basin), whereas 99 mi? (256 km?) were
in areas primarily impacted by Hurricane Rita (e.g., Calcasieu/Sabine Basin, Mermentau Basin,
Teche/Vermilion Basin, Atchafalaya Basin, and Terrebonne Basin). The Barataria Basm contalned open-
water locations caused by both Hurricanes Katrina and Rita, resultlng in some 18 mi? (46. 6 km?) of open
water. The fresh and intermediate marsh land decreased by 122 mi (316 km? ) and 90 mi? (233 1 km? )
respectively. The brackish and saline marsh land decreased by 33 mi? (85.5 km?) and 28 mi® (72.5 km?),
respectively. Based on current observational flights by USGS, wetland recovery 6 years after Hurricane
Katrina is noted as slow (Israel, 2010), with open water remaining where viable marshes once existed.
The marshlands east of the Mississippi Delta were the most severely affected. According to the USGS’s
5-year, post-Katrina survey, the Wetland loss from all four storms (i.e., Hurricanes Katrina, tha Gustav
and lke) totaled 340 mi® (881 km?. Hurricanes Katrina and Rita alone destroyed 220 mi® (570 km?)
(Israel, 2010).

Intense storms typically blow away all of the vegetation and soil from marsh, leaving behind a body
of water. Hurricane Katrina was no exception, leaving scour holes where debris accelerated by the storm
pushed the marsh away. Based on the depths of these scours, marsh type (i.e., fresh, intermediate,
brackish, or saline), sediment supply, and drainage, possible recovery time is determined. However, it is
too early to determine if long-term recovery is viable. Another factor that is now superimposed on the
hurricane damage is the currently unknown, long-term effect of the oil spill from the DWH event. All of
these factors must now be considered as part of the existing environment.

Deepwater Horizon Event

On April 20, 2010, the DWH event resulted in the largest oil spill in the history of the U.S. The oil
continued to flow for 87 days before the well was capped. It is estimated that a total of approximately
4.9 MMDbbl of oil were released from the well. This spill initially oiled shorelines along the Louisiana
coast from extreme western Louisiana to portions of the Mississippi coast. Most of the Louisiana coast
was exposed to some degree of oiling, ranging from light to heavy, and the oil has at least temporarily
degraded the quality of certain areas of wetland habitat. The information provided in this EIS is from the
best publicly available information that could be acquired. With regards to the DWH event, the data from
the SCAT observations, as compiled in the Unified Command Daily Report for October 12, 2010,
indicated that, as of that date, 88.8 mi (142.9 km) of Louisiana were heavily oiled and 203.1 mi
(326.9 km) of shoreline had light to traces of oil observed. A review of September 2011 SCAT maps
(USDOC, NOAA, 2011f [ERMA, September 28, 2011]) indicates that the coastline from the
Louisiana/Texas State line (Sabine) to Panama City, Florida, continues to improve and is being
categorized as shoreline with no oiling to lightly oiled, with the exception of the Bay Jimmy area in
southeastern Louisiana. From Cameron, Louisiana, east to Terrebonne Bay there was either no oil or
small patches of light oiling along the Isle Dernieres and the Terrebonne Bay shoreline. There were also
small patches of marsh in Terrebonne Bay that were lightly oiled. Moving farther east, the shoreline
adjacent to Barataria Bay only had trace to light oiling observed, with the exception of the initially
heavily oiled Bay Jimmy area. The marsh fringe on the back side of the two large Gulfward islands
forming the entrance to Bay Jimmy are currently not oiled to lightly oiled. Approximately 2 km (1.2 mi)
of the shorelines along the interior canals of these islands are still categorized as heavily oiled and are
currently undergoing evaluation for further cleaning (USDOC, NOAA, 2011f [ERMA, September 28,
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2011]). The island forming the western shore of Bay Jimmy varies from having no observed oil to having
observations of light to very light oil, and it only has small patches of moderate to heavily oiled shoreline.
Approximately 1.6 km (1 mi) of marsh bordering the eastern cove of the island that creates the back side
of Bay Jimmy also remains heavily oiled (USDOC, NOAA, 2011f [ERMA, September 28, 2011]). The
oil penetration in these marshes is estimated to be 5.5 m (18 ft) inland (Kokaly et al., 2010). While the
SCAT maps graphically depict 5.7 km (3.5 mi) of shoreline as heavily oiled, in most cases, this represents
only the area surveyed and not necessarily the total amount of area oiled.

As noted above, BOEM recognizes that there remains incomplete and unavailable information related
to wetlands, including impacts from the DWH event. Here, BOEM concludes that the unavailable or
incomplete information may be relevant to foreseeable significant adverse impacts to wetlands. Relevant
data on the status of wetlands and marshes after the DWH event may take years to acquire and analyze,
and impacts from the DWH event may be difficult or impossible to discern from other factors. The
NRDA process is ongoing, and to date, much of the information collected as part of the process has not
been fully analyzed and conclusions have not been released to the public. It may be years before NRDA
data and conclusions are available. Therefore, it is not possible for BOEM to obtain this information
within the timeframe contemplated by this NEPA analysis, regardless of the cost or resources needed. In
light of the incomplete or unavailable information, BOEM subject-matter experts have used available
scientifically credible evidence in this analysis and applied it using accepted methods and approaches.
Nevertheless, BOEM believes that incomplete or unavailable information regarding unknown effects of
the DWH event is not essential to a reasoned choice among alternatives. Although there may still be
incoming information, there is significant available data on shoreline oiling and the current status of
wetlands and marshes from the SCAT and ERMA databases that have assisted BOEM subject-matter
experts in their analyses. Future incoming data are not expected to significantly alter these conclusions,
and future impacts from these past events are not expected.

4.2.1.4.2. Impacts of Routine Events

Background/Introduction

Impact-producing factors and scenarios for routine operations can be found in Chapter 3.1. In this
section, consideration is given to impacts to coastal wetlands and marshes from routine activities
associated with a CPA proposed action. The primary impact-producing activities associated with a CPA
proposed action that could affect wetlands and marshes include pipeline emplacement, construction, and
maintenance; navigation channel use (vessel traffic) and maintenance dredging; disposal of OCS-related
wastes; and use and construction of support infrastructure in these coastal areas. Other potential impacts
that are indirectly associated with OCS oil and gas activities are wake erosion resulting from navigational
traffic, levee construction that prevents necessary sedimentary processes, saltwater intrusion that changes
the hydrology leading to unfavorable conditions for wetland vegetation, and vulnerability to storm
damage from eroded wetlands. The following sections describe the sources and types of these potential
impacts. In addition to the above effects, the DWH event oil spill presents other potential indirect effects,
in the event of disturbed remnant oil in the sediment. It is highly unlikely that the remnant oil is toxic due
to weathering time, biological degradation, and dispersant treatment.

Pipeline Emplacement

The scenario for this EIS projects the installation of 628-1870 km (390-1,162 mi) of pipelines in
Federal offshore lands associated with a typical CPA proposed action and a projected 25,204-57,177 km
(15,661-35,528 mi) of pipeline installation in the CPA over the 40-year life of the proposed lease sale
(Tables 3-3 and 3-6). Many OCS pipelines make landfall on Louisiana’s barrier island and wetland
shorelines. Approximately 8,000 km (4,971 mi) of OCS-related pipelines cross marsh and uplands
(USDOI, MMS, 2007c, p. 4-314; Johnston et al., 2009). Louisiana wetlands protect pipelines from waves
and ensure that the lines stay buried and in place. Existing pipelines, especially those installed prior to the
State of Louisiana Coastal Permit Program in 1981, have caused direct landloss averaging between
2.5 and 4.0 ha (10 and 16 ac) per linear mile of pipeline (Bauman and Turner, 1990; Johnston et al., 2009)
Bauman and Turner (1990) 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.
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Since 2002, only one new pipeline has come to shore in Louisiana from OCS-related activities. In
2003, the 30-in Endymion QOil Pipeline, which delivers crude oil from South Pass Block 89 to the LOOP
storage facility near the Clovelly Oil and Gas Field, was installed. Based on a review of the data in the
COE permit application (No. 20-020-1632), the emplacement of the pipeline caused zero (0) impacts to
marshes (emergent wetlands) and beaches. This is because the operator used horizontal, directional
(trenchless) drilling techniques to avoid damages to these sensitive habitats. Additionally, the pipeline
route maximized an open-water route to the extent possible. A comparison of aerial photos taken before
and after Hurricanes Katrina and Rita reveal no observable landloss or impacts associated with the
Endymion Qil Pipeline. Impacts to wetlands from pipeline emplacement associated with a CPA proposed
action are expected to be low and could be further reduced through mitigation. However, in areas where
oiling of wetlands occurred from the DWH event, there is the potential for disturbing oiled sediment and
vegetation. It is possible that any dredging or trenching associated with pipeline placement could result in
the disturbance of oiled sediment in Federal waters. A recent OSAT report (2010) found that there was
no evidence of toxic components of oil (such as PAH’s or dispersant chemicals) in the sediments that
exceeded USEPA aquatic life benchmarks in sediments (in either offshore or coastal waters). Therefore,
the potential one pipeline landfall estimated for a CPA proposed action would not be expected to
resuspend contaminants in these areas.

Dredging

Maintenance dredging of navigation channels and canals is expected to occur with minimal impacts
except in areas that have been previously contaminated. However, a CPA proposed action is expected to
only contribute minimally to the need for this dredging. As described below, less than 10 percent of
traffic using navigation channels in the GOM is related to the OCS Program (Tables 3-4 and 3-14).
Thus, vessel traffic related to a CPA proposed action is only a small portion of the traffic that would
require maintenance dredging of channels. Alternative dredged material disposal methods can be used to
enhance and create coastal wetlands after material has been tested for the presence of oil toxicity. Vessel
traffic associated with a CPA proposed action is expected to contribute minimally to the erosion and
widening of navigation channels and canals. Secondary impacts to wetlands would be primarily from
vessel traffic corridors and will continue to cause approximately 0.6 ha (1.5 ac) of landloss per year,
regardless of a CPA proposed action.

The COE’s New Orleans District annually removes approximately 46-53 million m®
(60-70 million yd®) of dredged material from 10 Federal naV|gat|onaI channels throughout coastal
Louisiana. Approximately 12,000,000 million m*® (16 million yd®) or 26 percent of this material is used
for coastal wetland restoration projects (Creef, official communication, 2011). As a result of the
tremendous wetlands landloss in the Louisiana coastal region, the beneficial use of dredge spoils 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 dredge, increased
emphasis has been placed on the use of dredged material for marsh creation. For a CPA proposed action,
increased use of dredged material to enhance wetland habitats is encouraged as mitigation.

Dredging and dredged-material disposal can be detrimental to coastal environments and associated
fish and wildlife that use these areas for nursery grounds and protection. These impacts may include
increased erosion rates, turbidity, and changes in salinity. Many of these impacts are reduced through the
use of modern disposal practices. Maintenance dredging of navigation channels deposits material on
existing disposal banks and areas. The current COE policy for dredged material placement associated
with channel maintenance is to either utilize the dredged material for marsh creation or restoration in the
adjacent open waters along the navigation canals or use alternate bank disposal to maintain the existing
hydrological connections within the marsh (Creef, official communication, 2011). These dredge
management practices are expected to remain in effect for the duration of a CPA proposed action, and
drainage is expected to continue unchanged, except if there is some localized and minor exacerbation of
existing problems. For example, some dredged material intended for placement on a dredged-material
disposal bank is placed in adjacent wetlands or shallow water. Wetland loss due to dredge material
deposition is expected to be offset by wetland creation as adjacent margins of shallow water are filled. In
both cases, areas impacted are considered small. Maintenance dredging would also temporarily increase
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turbidity levels in the vicinities of the dredging and disposal of materials, which can impact emergent
wetlands and submerged vegetation communities.

Two different methods are generally used to dredge and transport sediments from channels to open-
water sites: (1) a hydraulic cutterhead suction dredge transfers sediments via connecting pipelines or (2) a
clamshell bucket dredge transfers sediments via towed bottom-release scows. Each method produces a
distinctly different deposit. Hydraulic dredging creates a slurry of sediment and water, which is pumped
through a pipeline to the dredged-material disposal site. Coarser sediment settles to the bottom where it
spreads outward under the force of gravity, and finer sediments may remain in suspension longer. The
clamshell dredge scoops sediments relatively intact into scows, which are then towed to the designated
area. The dredged sediments are released into the area specified for disposal. This method usually
produces positive topographic relief in the placement area, although the effects may often be temporary.
Access canals, as well as pipeline canals, are commonly bordered by levees created using dredged
materials (Rozas, 1992). Placement of this material alongside canals converts low-lying marsh to upland,
an environment unavailable to aquatic organisms except during extreme high tides. Dredged material can
also form a barrier, causing ponding behind levees and limiting circulation between canal waters and
marshes to infrequent, high-water events (Swenson and Turner, 1987; Cox et al., 1997). This and similar
disruptions to marsh hydrology are believed to change coastal habitat structure as well as accelerate
marsh erosion and conversion to open water (Turner and Cahoon, 1987; Rozas, 1992; Turner et al., 1994;
Kuhn et al., 1999).

As a result of the DWH event, dredging may result in the resuspension and transport of oiled
sediments in areas where oiling is known to have occurred. Findings of the OSAT report (OSAT, 2010)
indicate that sediment and water toxicity associated with remnant oil in these coastal areas is minimal and
does not exceed USEPA benchmarks for aquatic life. Three types of oil residue (supratidal buried oil,
small surface residue balls, and submerged oil mats) were examined and evaluated in a report prepared by
the Operational Science Advisory Team Report (OSAT-2, 2011) and submitted to the Gulf Coast Incident
Management Team. Their findings indicated that the oil residues were well weathered and showed 86-98
percent depletion of total PAH. The PAH is one of the more toxic components of oil and can weaken
marsh sediment by eliminating interstitial fauna. In addition, the marsh plants uptake these toxins from
the soils where they are now available to the portion of the food chain that utilizes marsh plants in their
diets. They also noted that, due to the effects of weathering, biodegradation, and location of the buried
oil, there would be a minimal risk of leaching from supratidal buried oil. Based on modeling information,
PAH concentration of buried oil in most locations will decrease by 20 percent within 5 years. In some
isolated conditions, the PAH’s could persist longer (OSAT-2, 2011). As such, BOEM believes that
maintenance dredging operations that may be related to vessel traffic from a CPA proposed action would
result in negligible impacts to wetland habitat due to the extensive weathering of oil residues in the
dredged sediments.

Navigation Channels and Vessel Traffic

Vessel traffic that may support a CPA proposed action is discussed in Chapter 3.1.1.8.4. Most
navigation channels projected to be used to support a CPA proposed action are shallow and are currently
used by vessels that support the OCS Program (Table 3-14). Approximately 3,200 km (1,988 mi) of
OCS-related navigation canals, bayous, and rivers are found in the coastal regions around the Gulf. This
is exclusive of channels through large bays, sounds, and lagoons. About 2,000 km (1,243 mi) support
OCS-related activities in the CPA. No new navigation channels are expected as a result of a CPA
proposed action. Deepwater activities are anticipated to increase, requiring use of larger service vessels
for efficient operations. This may put a substantial emphasis on shore bases associated with deeper
channels. Ports that have navigation channels deep enough to accommodate deeper-draft vessels may
expand their infrastructure to accommodate deeper-draft vessels. 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 this expansion. At present, the entrance to Port
Fourchon (Belle Pass Channel) is maintained at 9 m (29 ft). The inland channel in the port is 8 m (26 ft)
and Bayou Lafourche is maintained at 7 m (24 ft). The FEMA has funded the dredging of several sites
that were silted by Hurricanes Katrina and Rita.

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
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traffic that is a necessary component of OCS activities uses the channels and canals along the Louisiana
coast. According to Johnson and Gosselink (1982), canal widening rates in coastal Louisiana range from
about 2.58 m/yr (8.46 ft/yr) for canals with the greatest boat activity to 0.95 m/yr (3.12 ft/yr) for canals
with minimal boat activity. This study found navigational use is responsible for an average of 1.5 m/yr
(4.9 ft/yr) of the canal widening. About 2,000 km (1,243 mi) of navigation channels support OCS-related
activities in the CPA. Total navigational use results in about 300 ha (741 ac) of landloss per year. A
USGS study by Johnston et al. (2009) found that canal widening rates have slowed rather than increased
in recent years as a result of increased bank stabilization efforts. Thus, the canal widening rates
established by Johnson and Gosselink (1982) are considered overestimates. The most heavily-used OCS
navigation channel is the channel from Port Fourchon which is heavily armored and is less erodible. A
recent BOEM and USGS-funded study (Thatcher et al., 2011) examined the susceptibility to erosion of
navigation channels based on cover and substrate. During the study, the shorelines along both banks of
navigation canals were mapped using aerial photography from 1978 to 1979, 1996 to 1997, and 2005 to
2006. To measure shoreline changes, transects were generated. The erosion rates were gquantified to
determine whether differences in erosion rates are related to embankment substrate, vegetation type,
geologic region, or soil type. The study found erosion rates were variable within and across unarmored
portions of the navigation channels. Previous studies have found that canal erosion rates have slowed in
recent years, and the results of this study support that conclusion. The rate of change differed
significantly by geologic region and marsh vegetation type. However, when rates for all canals were
combined for each time period, the average canal widening rate slowed to -0.99 m/yr (-3.25 ft/yr) for the
1996/1998-2005/2006 time period compared with -1.71 m/yr (-5.61 ft/yr) for the earlier 1978/1979-
1996/1998 time period. Therefore, this indicates there is a decrease in the rate of erosion for the area
during that time period.

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. Sufficient
disposal capacity is assumed to be available in support of a CPA proposed action (Chapter 3.1.2.2).
Discharging OCS-related produced water into inshore waters has been discontinued, so all OCS-produced
waters are discharged into offshore Gulf waters in accordance with NPDES permits or transported to
shore for injection. Produced waters are not expected to affect coastal wetlands. 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.

Onshore Facilities

Various kinds of onshore facilities service OCS development. All projected new facilities that are
attributed to the OCS Program and a CPA proposed action are described in Chapter 3.1.2. State and
Federal permitting agencies discourage the placement of new facilities and the expansion of existing
facilities in wetlands. Any impacts upon wetlands are mitigated in accordance with Clean Water Act
requirements and the COE’s 404 permit and State permitting programs.

Overview of Existing Mitigation Techniques and Results

Numerous mitigation methods have been recommended and used in the field to reduce or avoid
adverse impacts to wetlands. Depending on the location, project, and surrounding environment, different
mitigation techniques may be more appropriate than others. Based on permits, work documents, and
interviews, 17 mitigation techniques have been implemented at least once with regards to the OCS.
Because no one technique or suite of techniques are routinely required by permitting agencies, each
pipeline mitigation process is uniquely designed to minimize damages given the particular setting and
equipment to be installed. Of the identified mitigation techniques, there are a number of techniques that
are commonly required. Some other mitigation techniques are rarely used because they are considered
obsolete or because they are applicable only to a narrow range of settings. Table 4-3 summarizes the
recommended mitigating techniques to reduce or avoid adverse impact to wetlands from pipeline
construction, canals, dredging, and dredged material placement. These mitigation methods are those most
commonly applied by the permitting agencies (COE and the State in which the activity has occurred or
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would occur). These methods may include selective placement of the pipelines in existing rights-of-way,
directional drilling to route under rather than through wetlands, push-pull pipe installation, and new
restoration and revegetation methods. The BOEM is not a permitting agency for onshore pipelines,
canals, dredging, and dredged material placement.

Proposed Action Analysis

Zero to one pipeline landfalls that could result in up to 2 km (1.2 mi) of onshore pipeline are
projected as a result of a CPA proposed action. Should one be constructed, it would most likely be in
Louisiana, where the large majority of infrastructure exists for receiving oil and gas from the CPA.
Pipeline landfall may occur through or in the immediate vicinity of coastal wetlands and marshes.
Wherever a landfall occurs, permitting/mitigating processes are in place to ensure wetland habitats are
protected first through avoidance, then minimization of impacts, and finally compensation for
unavoidable impacts to wetlands. The use of modern technologies, such as directional boring, greatly
reduces and possibly eliminates most impacts to coastal wetlands and marshes. About 5-8 ha (12-20 ac)
of landloss for the projected 2 km (1.2 mi) of pipeline (based on historic loss rates) are expected from a
CPA proposed action. This represents approximately 0. 25 percent of the total landloss estimated to occur
along the Louisiana coast in 1 year (~2,590 ha or 10 mi?) (Barras et al., 2003). This estimate does not
take into account the present regulatory programs of COE and the Louisiana Dept. of Natural Resources,
modern installation techniques, and “no net loss” policy that would result in zero to negligible impacts to
wetland habitats. Therefore, effects on coastal wetlands and marshes from new pipeline laying activities
associated with a CPA proposed action are expected to be minor or nonexistent. For a CPA proposed
action, increased use of dredged material to enhance wetland habitats is encouraged as mitigation.

A CPA proposed action is estimated to contribute 2-3 percent of the total OCS traffic from 2012
through 2051 (Tables 3-3 and 3-4). Further details concerning vessel traffic can be found in Chapter
3.1.1.8.4. Navigation channels projected to be used in support of a CPA proposed action are discussed in
Chapter 3.1.2.1.8. All estimated navigational use is expected to contribute approximately 1.5 m/yr
(4.9 ft/yr) to the widening to the roughly 2,000 km (1,243 mi) of unarmored navigation channels used by
OCS Program-related vessels, or about 300 ha/yr (741 ac/yr) of landloss per year (Johnson and Gosselink,
1982). An evaluation of landloss rates suggests that landloss related to navigation channel usage had
been relatively stable from the 1970’s through 2004 (Barras et al., 2008). Barras et al. (2008) states that,
during 1985-2004, the majorlty of the coastal landloss occurred on the Deltaic Plain at a rate of
3,885-4,144 halyr (15-16 mi’/yr). The results of a recently completed study that included both armored
and unarmored canals supports the hypothesis that there are reduced loss rates along armored canals
(Johnston et al., 2009; Thatcher et al., 2011) and that widening rates have slowed based on maintenance
techniques. The relatively small percentage of vessel traffic, in combination with armoring and regular
maintenance along the waterways, should minimize the impacts related to the vessel traffic from a CPA
proposed action.

Summary and Conclusion

It is expected that impacts would be reduced or eliminated through mitigation, such as horizontal,
directional (trenchless) drilling techniques to avoid damages to these sensitive wetland habitats. Although
maintenance dredging of navigation channels and canals in the CPA is expected to occur, a CPA
proposed action is expected to contribute minimally to the need for this dredging. Alternative dredged-
material disposal methods can be used to enhance and create wetlands. Secondary impacts to wetlands
from a CPA proposed action would result from OCS-related vessel traffic contributing to the erosion and
widening of navigation channels and canals. This would cause approximately 1 ha (3 ac) of landloss per
year. Overall, the impacts to wetlands from routine activities associated with a CPA proposed action are
expected to be low due to the small length of projected onshore pipelines, the minimal contribution to the
need for maintenance dredging, and the mitigation measures that would be used to further reduce these
impacts.
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4.2.1.4.3. Impacts of Accidental Events

Background/Introduction

A detailed description of the wetlands resource and the impact-producing factors and scenario for
accidental events from a CPA proposed action are given in Chapters 4.2.1.4.1 and 3.2. There is also a
risk analysis of accidental events in Chapter 3.2.1.4. The main impact-producing factors that would
affect wetlands are oil spills.

With the reduced protection of the barrier islands lost due to hurricanes and anthropogenic factors,
there is a greater potential for the oiling of coastal wetlands during an accidental event. Both coastal and
offshore oil spills can be caused by large tropical cyclone events such as Hurricanes Katrina, Rita,
Gustav, and lke.

Areas of the Louisiana coast have been further stressed through shoreline oiling associated with the
DWH event. While extensive areas of the Louisiana coastline received some degree of oiling, the most
heavily oiled areas were around the Mississippi River Birdsfoot Delta, Pass a Loutre, and the Barataria
Bay Estuary (Bayou Jimmy) due to their close proximity to the spill. Mississippi, Alabama, and eastern
Florida also received varying amounts of oil from the DWH event, but generally less than the Louisiana
coast. In most cases, offshore spills, unless catastrophic in nature (e.g., DWH event spill), are not
expected to significantly damage any wetlands along the Gulf Coast. See Appendix B for an analysis of
impacts from a low-probability catastrophic spill event.

It must be noted that, even with offshore spills, the degree of coastal impact is a function of the source
oil type (e.g., Macondo involved a light crude oil), 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.

Primary Impacts of Oil Spills

While there are concerns that offshore spills may contribute to wetland damage, the distance of these
production facilities from the wetland makes the probability of toxic oil reaching coastal wetlands low.
With the DWH event, which was a catastrophic spill, the OSAT report (2010) noted that contamination
for both toxic hydrocarbon components (including PAH’s and alkanes) and dispersant-related chemicals
were limited to within an approximate 3-km (~2-km) radius of the wellhead. There were no USEPA
exceedances for aquatic wildlife in either sediments or water samples beyond the 3 km (~2 mi) distance
from the DWH wellhead in the affected areas sampled (OSAT, 2010). The toxicity of the spilled oil from
offshore is greatly reduced or eliminated by weathering, wave action, and dispersants.

The greatest threat to wetland habitat with regard to an oil spill is from an inland spill resulting from a
vessel accident or pipeline rupture. These spills are a concern since they would be much closer to the
wetland resource. While a resulting slick may cause some impacts to wetland habitat, the cleanup effort
(i.e., equipment, chemicals, and personnel) can generate greater effects to the area. Associated foot traffic
may work oil farther into the sediment than would otherwise occur. Close monitoring and restrictions on
the use of bottom-disturbing equipment would be needed to avoid or minimize those impacts. Added
concerns or factors that influence the effect of an oil spill to wetlands are the fate (frequency and
weathering) and behavior of oil, air pollution, availability and adequacy of containment and cleanup
technologies, and impacts of various oil-spill cleanup methods.

Numerous investigators have studied the immediate impacts of oil spills on Gulf wetland habitats, as
well as wetland habitats 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, vegetation type and density, season or weather, preexisting
stress level on the vegetation, soil types, and water levels. Data suggest that vegetation that is lightly
oiled will experience plant die-back, followed by recovery without replanting; therefore, most impacts to
vegetation are considered to be short term and reversible (Lytle, 1975; DelLaune et al., 1979; Webb et al.,
1985; Alexander and Webb, 1987; Fischel et al., 1989).

Shoreline types have been rated via the ESI and, depending on a shoreline’s expected retention of oil
and some biological effects of oil, different shorelines could exhibit varying levels of oil persistence
(Hayes et al., 1980; Irvine, 2000). Qil 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). In some instances, where there has been further damage due to cleanup activities, recovery
has been estimated to take from 8 to 100 years (Baca et al., 1987). Effects on marsh vegetation can be
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severe (Baca et al., 1987; Baker et al., 1993). The long-term recovery times occurred in nutrient-limited,
colder environments where biodegradation is limited. But, those conditions are unlike the nutrient-rich
marshes of the Gulf Coast. An effect from the depletion of marsh vegetation is increased erosion, which
is of special concern to coastal Louisiana and parts of coastal Texas. Cleanup activities in marshes that
can last years to decades following a spill may accelerate erosion rates and retard recovery rates.

The critical concentration of oil is the concentration above which impacts to wetlands would be long
term because recovery would take longer than two growing seasons and which causes plant mortality and
permanent wetland loss. In coastal Louisiana, the critical concentration of oil resulting in long-term
impacts to wetlands is assumed to be 0.1 L/m? (0.026 gal/10.76 ft?). Concentrations less than this
typically cause dieback of the above ground vegetation for one growing season, but limited mortality.
Higher concentrations would cause mortality of contacted vegetation, but 35 percent of the affected area
would recover within 4 years. Oil can persist in the wetland soil for at least 5 years depending on the
types of soil nitrogen and oxygen availability. After 10 years, permanent loss of 10 percent of the
affected wetland area can be expected from accelerated landloss indirectly caused by a spill. If a spill
contacts wetlands exposed to wave action, additional and accelerated erosion could occur (Alexander and
Webb, 1987). Louisiana wetlands are assumed to be more sensitive to oil contact than elsewhere in the
Gulf because of high cumulative stress.

A current study associated with the DWH event notes that there is evidence of recovery within 1 year
after the spill, with shoot production in heavily oiled areas along the Louisiana coast (Delaune and
Wright, 2011). This recovery held true in heavily oiled areas where the stems and leaves of the marsh
vegetation was oiled, although depending on vegetation type, the amount of recovery varied (Delaune and
Wright, 2011; Kokaly et al.,, 2011). Kokaly et al. (2011) noted oiling and, to some degree, rate of
recovery in their comparative study of oiling in the Mississippi Birdsfoot Delta and Bay Jimmy in
Barataria Bay. They examined species and the height of marsh vegetation, as well as, water level
fluctuation, marsh damage, and amount of recovery. In the Birdsfoot Delta the predominant marsh grass
is tall and less susceptible to being completely oiled; thus, damage is minimized. However, Bay Jimmy is
dominated by Spartina alterniflora and Juncus roemerianus marsh grasses and both are short in height
and susceptible to being fully oiled depending on tidal conditions. While inshore penetration of oil was
farther inland at Bay Jimmy than the Birdsfoot Delta site, the study found indicators of further
degradation and recovery at both sites after 1 year with little to no remediation (Kokaly et al., 2011).
Some areas showed great reductions in live vegetation and evidence of sediment erosion. While in other
areas at these sites, damaged zones had signs of growth and recovery, with the regrowth of vegetation
identified in up to 10 percent of the areas assessed (Kokaly et al., 2011).

The OCS-related pipelines traverse wetland areas; pipeline accidents could result in high
concentrations of oil directly contacting localized areas of wetland habitats (Fischel et al., 1989). The
fluid nature of the oil, water levels, weather, and the density of the vegetation would limit the area of
interior wetlands contacted by any given spill. Other studies have noted that 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. 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). Based on data from Mendelssohn et al. (1990), recovered
vegetation is expected to be the ecologically functional equivalent of unaffected vegetation. This study
tested the reduction in plant density as the principle impact from spills. Mendelssohn and his associates
demonstrated that oil could persist in the soil for greater than 5 years if a pipeline spill occurs within the
interior of a wetland where wave-induced or tidal flushing is not regular or vigorous (Mendelssohn et al.,
1990). Since most of the wetlands along the northern Gulf Coast are in moderate- to high-energy
environments, sediment transport and tidal stirring should reduce the chances for oil persisting in the
event that these areas are oiled.

While oil can completely foul wetland plants, it is the amount and type of oil as well as the particular
plant that determines recovery. Some studies (Pezeshki et al., 2000) found that the Louisiana crude was
less damaging and fatal to S. 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. The experiment did note that S. alterniflora benefited and recovered more quickly
after shoreline cleanup. Observations by Dr. White (official communication, 2010) noted the same type
of recovery with Spartina spp. in the Mississippi River Birdsfoot Delta after the marshes were oiled from
the DWH event. Within several weeks of the oiling, there was production of new shoots and no
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indication of root damage. He attributes the success partly to no invasive cleanup procedures in the
marsh, which could result in the compaction of the soils and cause oil to get into the root systems. These
findings were further documented by Kokaly et al. (2011) in the comparative study of the Birdsfoot Delta
and Bay Jimmy discussed in the previous paragraph. Although the Louisiana Coast is more stressed as a
result of oil development and hurricanes, it has a viable wetland fringe that is located in a well-flushed
tidal environment.

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, mineralization of
nutrients can be blocked so 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, wetland (fresh, salt, or
brackish), sediment type, oil type, and quantity and degree of oiling. 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 different marsh plants and
associated organisms because the oil alters membrane permeability and disrupts metabolism (Pezeshki
etal., 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 that
some may recover without being cleaned (Lin and Mendelssohn, 1996). Even though some species
recover from fouling without being cleaned and others benefit from cleaning (Pezeshki et al., 2000), other
studies by Mendelssohn et al. (1990 and 1993) noted that the plant composition in an oiled marsh can be
changed post-spill as a result of plant sensitivity to oil. So, there can be a trade off from the disturbance
within these wetlands resulting from workers gaining access to the plants by foot or boat and the potential
benefits of cleaning. The compaction of the soil, in combination with the oiling, may further stress the
plants and result in greater mortality (Pezeshki et al., 1995).

In a study bg Mendelssohn et al. (1993) of a coastal pipeline break, low dosages of Louisiana crude
(0.3 m? or 3 ft* marsh coverage) resulted in considerable short-term effects on the brackish marsh
community. These effects were due to wind and high water conditions. Winds increased water levels in
the marsh and resulted in a more complete oiling of both stems and leaves, which caused a 64 percent
decrease in adjacent vegetation live cover. While considerable die out of the marsh was noted, recovery
of the marsh was complete within 5 years despite the residual hydrocarbons that were found in the marsh
sediment (Mendelssohn et al., 1993). As noted in other studies and Mendelssohn et al. (1993), the season
and wind direction at the time of a spill can increase the potential impact to wetlands. 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 landloss were spatially variable but the rate
of loss was no different than the unaffected areas. It appears that in areas of incomplete recovery, the low
soil elevation, coupled with subsidence, made them more susceptible to frequent flooding prior to the
spill. In addition, the soil elevations were further compacted and elevation was lowered by the heavy
machinery used in the cleanup operations (Mendelssohn et al., 1993).

As noted earlier, cleanup of these sensitive wetland habitats can be more disruptive and sometimes
damaging than the oiling incident itself. Following the DWH event, USEPA and the USCG National
Incident Command held a technology workshop and established an Interagency Alternative Technology
Assessment Program (IATAP). This IATAP included numerous Federal agencies and local marsh
ecologists with expertise concerning oil-spill cleanup to determine the least damaging approach to oil
cleanup in these fragile coastal environments (USDHS, CG, 2010c). The IATAP group reviewed various
methods of response that could be used in areas that, based on hydrologic modeling, would receive oil.
Current methods to clean up oil spills include mechanical and chemical removal, in-situ burning, and
bioremediation. The IATAP work group reviewed these and other mitigating measures specifically for
areas where the vegetation had already been oiled. The IATAP recommended to keep the oil offshore and
out of the marshes as long as possible, to not use actions that would further drive oil into the sediment
(e.g., vessel and foot traffic), to not burn oil-contaminated vegetation if the water depth is insufficient or
if there is the potential for re-oiling (this may result in root damage), to not apply dispersants in the
marsh, to not use high-pressure washing that could drive oil deeper in sediments, to not hand clean
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vegetation (utilize low-pressure flushing if possible), and to monitor the utilization of sorbent booms.
Bioremediation recommendations from the group were to minimize or eliminate vessel and foot traffic;
mechanical removal methods should not disturb the substrate. Consideration was given to using nutrients
and bacteria or fungi to enhance biodegradation. However, since the Gulf Coast is not nutrient limited, it
was not determined to be useful. Two crucial points made by IATAP workgroup were (1) the use of
particular cleanup methods is situation-dependent and (2) in the case of marshes it was best to do nothing
and let nature take its course. The weathered oils measured in the sediments and reported in the OSAT
report (2010) did not surpass any EPA exceedances for aquatic wildlife benchmarks, and the National
Environmental Benefits Analysis performed by the OSAT determined that the residual oil remaining after
cleanup efforts would be less damaging to the habitat and the resources using them than continuing the
cleanup effort.

The cleanup of oil spills in coastal marshes remains a problematic issue because wetlands 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 cleanup 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
(McCauley and Harrel, 1981; Long and Vandermeulen, 1983: Getter et al., 1984; Baker et al., 1993;
Mendelssohn et al., 1993). A study (Nyman and Patrick, 1996) involving three types of cleaning methods
(fertilization, dispersant, and chemical) on freshwater marshes indicated that oil was removed from the
plant or site, no long-term enhancement resulted from utilizing any of these response methods.

Proposed Action Analysis

Wetlands are generally more susceptible to contact by inshore spills, which have a low probability of
occurrence from OCS-related activities. Inshore vessel collisions may release fuel and lubricant oils, and
pipeline ruptures may release crude and condensate oil. 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, commercial and recreational activities remain the same. Therefore, the
coastal waters of Louisiana, Mississippi, and Alabama would have a total of 200, 30, and 10 spills
<1,000 bbl/yr, respectively, from all sources. When limited to just oil- and gas-related spill sources such
as platforms, pipelines, MODU’s, and support vessels, Louisiana, Mississippi, and Alabama would have a
total of 130-170, 3-5, and about 2 spills <1,000 bbl/yr, respectively. Louisiana is the state most likely to
have a spill >1,000 bbl occur in coastal waters.

Activity that would result from the addition of a CPA proposed action would cause a negligible
increase in the risk of a large spill occurring and contacting wetlands. If oil should reach the wetlands
from this distance, it would likely be weathered through biodegradation, mixing, etc. The probabilities of
an offshore spill >1,000 bbl occurring and contacting environmental features are described in Chapter
3.2.1.5.7. 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 Chapters
3.2.1.6.6 and 3.2.1.7.2. Eight parishes in Louisiana have a chance of a spill >1,000 bbl occurring and
contacting their shores. For these parishes, the probability of an OCS offshore spill >1,000 bbl ranges
from <0.5 to 8§ percent. Generally, the coastal, deltaic parishes of Louisiana have the highest risk of being
contacted by an offshore spill from a CPA proposed action. Plaguemines Parish, Louisiana, has the
highest probability at 3-8 percent (Figure 3-10). For offshore spills <1,000 bbl, only those >50 bbl would
be expected to have a chance of persisting as a cohesive slick long enough for the slick to reach land. A
few (5-11) offshore spills of 50-1,000 bbl are estimated to occur as a result of a CPA proposed action, and
a few of these slicks are expected to occur proximate to State waters and to reach shore (Table 3-12).
Should a slick from such a spill make landfall, the volume of oil remaining in the slick is expected to be
small.

Sensitive coastal environments in eastern Louisiana from Atchafalaya Bay to east of the Mississippi
River, including Barataria Bay, have the greatest risk of being contacted by spills from operations related
to a CPA proposed action. Should a spill contact a wetland, oiling is expected to be light.

The potential impacts of a catastrophic spill such as the DWH event are discussed in Appendix B to
the extent possible with the current data available. However, the probability of a catastrophic spill such
as the DWH event is low. If a catastrophic spill such as the DWH event should occur, the extent of the
oiling may vary depending on sea conditions, dispersant use, and response time and methods. As seen
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with the DWH event, physical alterations to hydrological conditions through berm construction may
result in changes to coastal landscapes. (See Chapter 3.3.3.2, “OCS Sand Borrowing,” regarding berms
constructed in Louisiana as part of the DWH response.). The end result of island modification as a result
of changed hydrologic conditions due to berm construction will only be known through the results of
long-term monitoring.

Summary and Conclusion

Offshore oil spills resulting from a CPA proposed action would have a low probability of contacting
and damaging any wetlands along the Gulf Coast, except in the case of a catastrophic event
(Appendix B). This is because of the distance of the spill to the coast, the likely weathered condition of
oil (through evaporation, dilution, and biodegradation) should it reach the coast, and because wetlands are
generally protected by barrier islands, peninsulas, sand spits, and currents. Although the probability of
occurrence is low, the greatest threat from an oil spill to wetland habitat is from an inland spill as a result
of a nearshore vessel accident or pipeline rupture. Wetlands in the northern Gulf of Mexico are in
moderate- to high-energy environments; therefore, sediment transport and tidal stirring should reduce the
chances for oil persisting in the event that these areas are oiled. While a resulting slick may cause minor
impacts to wetland habitat and surrounding seagrass communities, the equipment, chemical treatments,
and personnel used to clean up can generate the greatest impacts to the area. Associated foot traffic may
work oil farther into the sediment than would otherwise occur. 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. These treatments could include mechanical and chemical techniques
with onsite technicians. Overall, impacts to wetland habitats from an oil spill associated with activities
related to a CPA proposed action would be expected to be low and temporary because of the nature of the
system, regulations, and specific cleanup techniques.

4.2.1.4.4. Cumulative Impacts

Background/Introduction

The main factors that cumulatively affect wetlands are dredging, navigation channels and canals,
pipelines, oil spills, flood control modifications, and development of wetlands. The contribution of the
OCS Program and proposed action activities to these cumulative impacts remains small. The following is
a summary of these effects on the wetlands and how a CPA proposed action would not add significant
negative effects to wetlands.

Dredging of Channels

Insignificant adverse impacts upon wetlands from maintenance dredging are expected because the
large majority of the material would be disposed of in existing disposal areas. Alternative dredged-
material disposal methods can be used to enhance and create coastal wetlands. Depending upon the
regions and the soils through which they were dredged, secondary adverse impacts of canals may be more
locally significant than direct impacts. Additional wetland losses may be generated by the secondary
impacts of saltwater intrusion, flank subsidence, freshwater-reservoir reduction, and deeper tidal
penetration. A variety of mitigation efforts have been initiated to protect against direct and indirect
wetland loss. The nonmaintenance of mitigation structures that reduce canal construction impacts can
have substantial impacts upon wetlands. These localized impacts are expected to continue. Various
estimates of the total, relative direct, and indirect impacts of pipeline and navigation canals on wetland
loss vary enormously; they range from estimates of 9 percent (Britsch and Dunbar 1993) to 33 percent
(Penland et al., 2001a and 2001b) to estimates of >50 percent (Turner et al., 1982; Scaife et al., 1983;
Bass and Turner, 1997). A panel review of scientific evidence suggests that wetland losses directly from
human activities account for <12 percent of the total wetland loss experienced since 1930 and for
approximately 29 percent of the total losses between 1955 and 1978 (Boesch et al., 1994). Of these direct
losses, 33 percent are attributed to canal and spoil bank creation (10% of overall wetland loss). In
Louisiana, deepening the Fourchon Channel to accommodate larger OCS-related service vessels has
occurred within a saline marsh environment and provides the opportunity to create wetlands with the
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dredged materials. In addition, installation and improvement of channel armor along the Port Fourchon
channel and the enforcement of vessel speed and “no wake zones” should greatly reduce the loss of
wetlands due to erosion and vessel traffic.

There are 12 navigation channels (Table 4-65) used to service OCS activities in the CPA, 9 of which
are shallow-water channels and 3 are deep-draft channels. All the channels will continue to require some
form of maintenance dredging. The dredging cycle can range from 1 to 6 years, depending on channel or
channel segment. Secondary wetland loss will continue throughout the 40-year project life because of
canal widening resulting from erosion, saltwater intrusion, or a combination of the two. The extent of the
losses depends on the future construction of channel stabilization features, hurricane activity, and increase
in vessel use. The BOEM has used a widening rate for OCS Program-related channels of 1.5 m/yr
(4.9 ft/yr). This number is likely an overestimate of losses since different erosion rates for armored
channels are not considered. More recent studies by USGS found that canal widening rates have slowed
rather than increased in recent years as a result of increased bank stabilization efforts (Johnston et al.,
2009). The results of a recently completed study that included both armored and unarmored canals
supports the hypothesis that there are reduced loss rates along armored canals (Thatcher et al., 2011). In
the Thatcher et al. (2011) study, significant differences in shoreline retreat rates were noted depending on
geology, marsh vegetation type, and, in some degree, the organic content of the soil. When evaluating a
combination of all of the navigation canals in the study area, including those in the CPA, it was shown
that erosion rates have slowed in recent years. The average current canal widening rate of -0.99 m/yr
(-3.25 ft/yr) for the 1996/1998-2005/06 time period was reduced when compared with the -1.7 m/yr
(-5.61 ft/year) for the earlier 1978/79-1996-1998 time period. Thatcher et al. (2011) further showed that
the highest erosion rates were along portions of the navigation canals located in salt marshes in the
Chenier Plain, which contained higher percentages of organic soil.

Depending upon the regions and soils through which they were dredged, secondary adverse impacts
of canals may be more locally significant than direct impacts. The OCS activities are expected to result in
some level of dredging activity associated with the expansion of offshore platforms or onshore transfer or
production facilities if needed. The primary indirect impacts from dredging would be wetland loss as a
result of saltwater intrusion or vessel-traffic erosion. However, the primary support, transfer, and
production facilities used for a CPA proposed action are located along armored canals and waterways,
thus minimizing marsh loss. In the foreseeable future, there will be a continuing need for dredged
material for both 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 permitting
program.

It is also noted that the DWH event spill exposed both inland and offshore navigation channels to
dispersant-treated oil. This exposure could result in submerged oil mats in certain areas of coastal waters;
however, these submerged oil mats were found near shore and not necessarily in coastal navigation
channels (OSAT, 2010). Further sampling associated with the OSAT and other studies concerning the
DWH event reported no exceedances of the USEPA benchmarks for aquatic life, including total PAH,
beyond 3 km (~2 mi) from the wellhead (OSAT, 2010; Atlas and Hazen, 2011). Therefore, even if
submerged oil mats or residual oil were to be encountered during a CPA proposed action, impact would
be minimal to none. Additional information on the condition of the oil resulting from the DWH event
will be made publicly available as the NRDA assessment process progresses and analyses are completed.
Dredging in these areas could resuspend remnant oiled sediments, but these sediments are not expected to
be toxic. This is because of dispersant treatment, weathering, and natural biodegradation that will have
already occurred.

Impacts from State onshore oil and gas activities are expected to occur as a result of dredging for new
canals, maintenance, and usage of existing rig access canals and drill slips, and for preparation of new
well sites. Locally, subsidence may be due to the extraction of large volumes of oil and gas from
subsurface reservoirs, but subsidence associated with this factor seems to have slowed greatly over the
last three decades as the reservoirs are depleted. However, recent reexamination of subsidence
mechanisms by Stephens (2010b) states that the “Northern Gulf of Mexico continental margin is
segmented by northwest-southeast trending transfer fault zones related to Mesozoic rifting.” Indirect
impacts from dredging new canals for State onshore oil and gas development (Chapter 3.3.2) and from
the maintenance of the existing canal network are expected to continue. Maintenance dredging of the
OCS-related navigation channels accounts for 10 percent of the dredged material produced.
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A CPA proposed action is expected to use existing navigation channels and to contribute minimally to
the need for additional channel maintenance. Impacts from State onshore oil and gas activities are
expected to occur as a result of dredging for new canals, maintenance, and usage of existing rig access
canals and drill slips, and preparation of new well sites. Insignificant adverse impacts upon wetlands
from maintenance dredging are expected because the large majority of the material would be placed in
existing disposal areas or alternate bank disposal techniques would be used. The alternate bank disposal
technique creates gaps to maintain hydrological connections and tidal circulation important in maintaining
a functioning wetland.

Navigation Channels and Canals and Coastal Infrastructure

The effects of pipelines and canal dredging on navigation activities and wetlands are described in
Chapter 4.2.1.4.2. As noted in the referenced chapter above, the previous OCS activities associated with
the CPA are expected to require some level of dredging, channel deepening, and maintenance of access
canals. Onshore activity that would further accelerate wetland loss includes additional construction of
access channels to shoreline staging areas and expansion or construction of onshore and offshore facilities
(production platforms or receiving and transfer facilities). 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). These studies noted that activities
related to navigation canals can be mitigated with bank stabilization, enforcement of no wake zones, and
where possible, the beneficial use of dredged material (produced during maintenance dredging activities)
to create wetland or upland habitats. A CPA proposed action is estimated to contribute 2-3 percent of the
total OCS traffic from 2012 through 2051 (Tables 3-3 and 3-4). Therefore, marsh loss resulting from the
combination of vessel-induced erosion and saltwater intrusion from navigation channels and canals is
unlikely.

Pipelines

Modern pipeline installation methods such as the “push—pull” installation, where no trenching or
dredging is necessary, cause little wetland loss. Directional drilling is also used for pipeline placement
and allows the pipe to be placed under the wetland or beach without disturbing the wetlands on the
surface above. While impacts are greatly reduced by mitigation techniques, expansion of tidal influence,
saltwater intrusion, hydrodynamic alterations, erosion, sediment transport, and habitat conversion can still
occur (Cox et al., 1997; Morton, 2003; Ko and Day, 2004a). The majority (over 80%) of OCS Program-
related direct landloss is estimated to be from pipelines (Turner and Cahoon, 1987). Since the beginning
of OCS Program activities in the GOM, approximately 15,400 km (9,563 mi) of pipelines have been
constructed in Louisiana. These are seaward of the inland CZM boundary to the 3-mi (5-km)
State/Federal boundary offshore. Of those pipelines, about 8,000 km (4,971 mi) cross wetland and upland
habitat. The remaining 7,400 km (4,595 mi) cross waterbodies (Johnston et al., 2009). The total length
of non-OCS Program-related pipelines through wetlands is believed to be approximately twice that of the
Gulf OCS Program, or about 15,285 km (9,492 mi). There is a total of approximately 23,285 km
(14,460 mi) of pipelines through Louisiana coastal wetlands. The majority of OCS pipelines entering
State waters tie into existing pipeline systems and do not result in new landfalls. Pipeline maintenance
activities that disturb wetlands are very infrequent and are mitigated to the maximum extent practicable.
However, there is expected to only be 0-1 new pipeline landfalls related to a CPA proposed action.

The widening of OCS Program-related pipeline canals does not appear to be an important factor
contributing to OCS-related direct landloss. This is because few pipelines are open to navigation, and the
impact width does not appear to be significantly different from that for open pipelines closed to
navigation. Based on the projected coastal Louisiana wetlands loss of 132,607 ha (327,679 ac) for the
years 2000-2040 (Barras et al., 2003), landloss resulting from new OCS Program pipeline construction
represents <l percent of the total expected wetlands loss for that time period. This estimate does not take
into account the present regulatory programs and modern installation techniques. Recently built pipelines
and pipeline canals are much narrower than in the past because of advances in technology and improved
methods of installation. These advances are due to a greater awareness among regulatory agencies and
industry (Johnston et al., 2009). The magnitude of impacts from OCS Program-related pipelines is
inversely proportional to the quantity and quality of mitigation techniques applied. Pipelines with
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extensive mitigation measures appeared to have minimal impacts, while pipelines without such measures
contributed to significant habit changes. Through proper construction methods, mitigation and
maintenance, impacts can be minimized or altogether avoided. The BOEM is not a permitting agency for
onshore pipelines. The permitting agency would be COE and the State in which the activity occur(ed).
Therefore, it would be the responsibility of COE and the States to ensure that wetland impacts resulting
from pipeline construction are properly mitigated and monitored.

Oil Spills

The potential for coastal/inland oil spills will continue, regardless of the source. This creates the
greatest concern for coastal wetlands, depending on the spill’s proximity to these vegetated areas. The
potential for vessel contact with improperly marked and abandoned wells in State nearshore waters will
continue to increase until adequate funding is provided to monitor and inspect wells for compliance with
procedures and regulations governing abandoned wells. Aging infrastructure, including both OCS
Program and State oil and gas platforms and pipelines, will continue to be a potential source of both
inland and offshore spills. Over 3,000 production platforms in the Gulf are over 20 years old and were
constructed prior to the modern structural requirements that increase endurance to hurricane force winds
(Casselman, 2010). Earlier studies (Pulsipher et al., 1998) found that the age of a platform significantly
affects the risk of an oil-spill accident during the exploration and production operations. Older pipelines
are more susceptible to leaks through corrosion. As a result of how the older pipelines are constructed,
these pipelines cannot be monitored or periodically inspected for potential leaks or pipeline weakness
with modern, automated, high-tech pipe inspection and monitoring techniques; therefore, the potential for
preventing a potential leak is small. The potential for onshore and nearshore spills may decrease as a
result of more stringent regulations and new policies that call for increased enforcement to address
properly plugging and dismantling abandoned wells.

Offshore spills are less likely to reach the coastal wetlands in a fully toxic condition due to
weathering and the blockage of spills by barrier islands. However, any reduced elevation and erosion of
these barrier islands by Hurricanes Katrina and Rita decreased the level of protection afforded the
mainland (USDOC, NMFS, 2007a). Flood tides may now bring some oil through tidal inlets into areas
landward of barrier beaches. The turbulence of tidal water passing through most tidal passes would break
up the slick, thereby accelerating dispersion and weathering. For the majority of these situations, light
oiling of vegetated wetlands may occur. Any adverse impacts that may occur to wetland plants are
expected to be very short lived, probably less than 1 year. The OCS Program-related spills could occur as
a result of pipeline accidents and barge or shuttle tanker accidents during transit or offloading. The
frequency, size, distribution, and impacts of OCS Program-related coastal spills are provided in Chapter
3.2.1.7. Non-OCS Program-related spills can occur in coastal regions as a result of import tankers,
coastal oil production activities, and petroleum product transfer accidents. Their distribution is believed
to be similar to that described in Chapter 3.1.1.8.

The oil stresses the wetland communities, making them more susceptible to saltwater intrusion,
drought, disease, and other stressors (Ko and Day, 2004a). Spills that occur in or near Chandeleur or
Mississippi Sounds could affect wetland habitat in or near the Gulf Islands National Seashore and the
Breton National Wildlife Refuge and Wilderness Area. Because of their natural history, these areas are
considered areas of special importance. They also support endangered and threatened species. Although
the wetland acreage on these islands is small, the wetlands 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, so a small percentage of the oil that contacts the Sound side of the islands
would be carried by the tides into interior lagoons. The past discharge of saltwater and drilling fluids
associated with oil and gas development has been responsible for the decline or death of some local
marshes (Morton, 2003). Discharging OCS-related produced water into inshore waters has been
discontinued, and all OCS-produced waters transported to shore are either injected or disposed of in Gulf
waters and would not affect coastal wetlands.

The numbers and sizes of coastal spills are presented in Table 3-23. 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, commercial and recreational activities remain the same.
Therefore, the coastal waters of Louisiana, Mississippi, and Alabama would have a total of 200, 30, and
10 spills <1,000 bbl/yr, respectively, from all sources. When limited to just oil- and gas-related spill
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sources such as platforms, pipelines, MODU?’s, and support vessels, Louisiana, Mississippi, and Alabama
would have a total of 130-170, 3-5, and about 2 spills <1,000 bbl/yr, respectively. Louisiana is the state
most likely to have a spill >1,000 bbl occur in coastal waters.

In terms of offshore spills, up to one spill of >1,000 bbl is estimated to occur for a CPA proposed
action over the 40-year time period (Table 3-12). The median spill size for this spill is estimated to be
2,200 bbl. The majority of offshore spills estimated for a CPA proposed action are smaller in size, with
~900-1,800 spills between 0 and 1 bbl in size estimated to occur for a CPA proposed action.
Chapter 3.2.1 describes projections of future spill events in more detail.

The DWH event was the largest spill recorded in the GOM and resulted in the oiling of an extensive
portion of the northern Gulf Coast shoreline from east of the Texas/Louisiana State line 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. However, unlike other historic large
spills (Exxon Valdez and Ixtoc), the oil was released and treated in deep water nearly 77 km (48 mi) from
shore, and the spill occurred in an unconfined open ocean as opposed to a sheltered embayment. All of
these factors contribute to the weathering and detoxification of the oil that reached the shoreline. It is too
early to determine the cumulative long-term effect, if any, of this spill and its contribution to the ongoing
marsh loss or the acceleration of that loss. The current view of most wetland scientists in the area is that,
due to the minimal penetration into the marsh, the weathered condition of the oil, and the observed
resiliency of the marsh plants to oiling, the overall effect would be minor and recovery of some marsh
vegetation is already being seen (Burdeau and Collins, 2010; Mascarelli, 2010; Zabarenko, 2010). In
their review of available literature on oil impacts in Gulf Coast wetlands, DeLaune and Wright (2011)
found that marsh vegetation, under most conditions, recovers naturally after exposure to oil without
receiving enhanced oil cleanup treatments. The recovery rate depends on the amount of oiling,
penetration of oil into the soil profile, and the sensitivity of a particular plant or the plant’s vulnerability
(height) to oil or the depth of oiling. While catastrophic spills could occur in the future as a result of
human error, new regulations focusing on improved safety, more regulatory checks, and inspections
should decrease the already small likelihood of the occurrence of such spills.

The BOEM acknowledges that there remains incomplete and unavailable information that may be
relevant to reasonably foreseeable significant impacts on wetlands. This incomplete or unavailable
information includes potential data on the DWH event that may be forthcoming. As there is substantial
information available since the DWH event, which is included in this EIS, BOEM believes that the
incomplete or unavailable information regarding effects of DWH on wetlands would likely not be
essential to a reasoned choice among alternatives. The bulk of this information is expected to be
developed through the ongoing NRDA process. To date, relatively little raw data have been released
publicly by the NRDA process, and it may be years before studies are completed and results are released.
This information will certainly not be available within the timeframe contemplated by this NEPA
analysis. Regardless of the costs involved, it is hot within BOEM’s ability to obtain this information from
the NRDA process within the timeline of this EIS. The BOEM subject-matter experts have used what
scientifically credible information is available in their analyses, and applied it using accepted scientific
methodology. Compared with the historic and ongoing threats to wetlands, such as development threats,
natural factors such as hurricanes, and channelization, any remaining effects of the DWH event on
wetlands are expected to be small.

Periodic Wetlands Loss

It was estlmated in 2000 that coastal Louisiana would continue to lose land at a rate of approximately
26 km2/yr (10 mi /yr) over the next 50 years. This would be expected to result in an additional net loss of
1,326 km? (512 mi®) by 2050, which is almost 10 percent of Louisiana’s remalnmg coastal Wetlands
(Barras et al., 2003). However, in 2005, Hurricanes Katrina and Rita caused 562 km* (217 mi?) of land
change (prlmarlly wetlands to open Water) (Barras, 2006). Based on the analysis of the latest satellite
imagery, approximately 212 km® (82 mi?) of additional open-water habitat was in areas primarily
impacted by Hurricane Katrina (e.g., Mississippi River Delta Basin, Breton Sound Basin, Pontchartrain
Basin, and Pearl River Basin) (Barras, 2007b and 2009). Also, 256 km? (99 mi?) of open-water habitat
was in areas primarily impacted by Hurricane Rita (e.g., Calcasieu/Sabine Basin, Mermentau Basin,
Teche/Vermilion Basm Atchafalaya Basin, and Terrebonne Basin).  Barataria Basin contained
approximately 46.6 km? (18 mi®) of new open-water habitat caused by both hurricanes. These new open-
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water habitats represent landloss caused by the direct removal of wetlands. They may also indicate
transitory changes of wetlands to open water caused by remnant flooding, removal of aquatic vegetation,
scouring of marsh vegetation, and water-level variation attributed to normal tidal and meteorological
variation between satellite images. An accurate evaluation of permanent loss of wetland areas is difficult
until several growing seasons have been evaluated. The presence of strong tropical storms is a routine
background condition in the Gulf that must be taken into consideration. Coastal change from storms in
the area included both beach erosion and the erosion of channels where water continues to flow seaward
to the Gulf of Mexico (Doran et al., 2009). These eroded barriers that once protected the wetlands behind
them were severely eroded by the storms. The cumulative effects of human 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 landloss, and these effects are discussed in Chapter 4.1.1.4.4
(see also U.S. Dept. of the Army, COE, 2004a).

Development in Wetlands

The development of wetlands for agricultural, residential, and commercial uses will continue with
more regulatory and planning constraints. Impacts from residential, commercial, and agricultural and
silvicultural (forest expansion) developments are expected to continue in coastal regions around the Gulf.
Existing regulations and development permitting procedures indicate that development-related wetland
loss may be slowed. Wetland damage would be minimized through the implementation of CZM
guidelines, COE regulatory guidelines for wetland development, and various State and Federal coastal
development programs. Examples of these programs are the Coastal Impact Assistance Program (CIAP),
the Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA), and LACPR.

The past discharge of saltwater and drilling fluids associated with oil and gas development has been
responsible for the decline or death of some marshes (Morton, 2003). Discharging OCS-related produced
water into inshore waters has been discontinued, and all OCS-produced waters transported to shore would
either be injected or disposed of in offshore Gulf waters and would not affect coastal wetlands (Chapter
3.1.2.2). Dredged material would be deposited either in existing approved discharge sites or would be
used beneficially for wetland restoration or creation. In the Port Fourchon area, some of the existing
areas being filled with dredged material may be used, if needed, for the expansion of oil production or
support facilities.

Cumulative loss of wetlands has occurred as a result of both natural and anthropogenic events.
Natural subsidence has caused wetland loss through compaction of Holocene strata (the rocks and
deposits from 10,000 years ago to present). Human factors such as onshore oil and gas extraction,
groundwater extraction, drainage of wetland soils, and burdens placed by building roads and levees have
also caused wetland loss. Areas of local subsidence have also been correlated to the past extraction of
large volumes of underground resources including oil, gas, water, sulfur, and salt (Morton, 2003; Morton
et al., 2002 and 2005). There is increasing new evidence of the importance of the effect of sea-level rise
(or marsh subsidence) as it relates to the loss of or changes in marshes, types of marsh, and plant diversity
(Spalding and Hester, 2007). This 2007 study shows that the very structure of coastal wetlands would
likely be altered by sea-level rise because community shifts would be governed by the responses of
individual species to new environmental conditions. As noted previously, Stephens (2010b) has
identified faulting mechanisms in coastal Louisiana that actually may be causing what appears to be
subsidence. Flood control and channel training along the Mississippi River would continue to deprive the
delta of the needed sediment required for the creation or maintenance of the existing wetlands. Another
recent development that is presently being proposed along the Mississippi coast and is planned for the
Louisiana and Texas coasts is the preparation of salt domes for the storage of strategic oil reserves. The
current plan would result in discharging highly concentrated salt solutions into the nearshore Gulf and
bays. The potential for large modifications (increases) in coastal salinities could result in devastating or
severely compromising the coastal marshes (The Mississippi Press, 2007).

Following Hurricanes Katrina and Rita, the demand for large quantities of earthen construction
materials for hurricane-protection levee construction or restoration resulted in either removing or
damaging some marginal wetlands that could be highly productive. These wetland damages are required
to be mitigated through the COE regulatory process, which means wetland functions are restored
preferably either on the impacted site or at a secondary location. It is expected that the need for these
materials will continue in the future.
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Summary and Conclusion

Wetlands are most vulnerable to inshore or nearshore oil spills but these tend to be localized events.
Spill sources include vessel collisions, pipeline breaks, and shore-based transfer, refining, and production
facilities. The wetlands associated with a CPA proposed action have a minimal probability for oil-spill
contact. This reduced risk is due to the distance of the offshore facility to wetland sites, beach and barrier
island topography (although locally reduced post-Hurricanes Katrina and Rita), and product transportation
through existing pipelines or pipeline corridors. Wetlands can also be at risk for offshore spills, but the
risks are minimized by distance, time, sea conditions, weather conditions, and the implementation of a
timely and appropriate spill-response effort.

If spills do reach shore, only light localized impacts to inland wetlands would occur. The wetland
areas affected by the DWH event, with the possible exception of extremely heavily oiled areas (Bay
Jimmy), have already shown signs of recovery through new shoot production and plant growth (White,
official communication, 2010). In the heavily oiled areas (Bay Jimmy), it is still too early to determine
the amount of recovery until sampling and analysis have been completed for an entire growing season.
Initial sampling and analysis in both offshore and nearshore areas affected by the DWH event have been
completed by NOAA and OSAT. These preliminary analyses support that the offshore spills become
weathered and are reduced in toxicity in most cases. Three types of oil residue (supratidal buried oil,
small surface residue balls, and submerged oil mats) were examined and evaluated in a report prepared by
OSAT-2 (2011) and submitted to the Gulf Coast Incident Management Team. Their findings indicated
that the oil residues were well weathered and showed a 86- to 98-percent depletion of total PAH’s. The
OSAT report also noted that, due to the effects of weathering, biodegradation, and the location of the
buried oil, there would be a minimal risk of leaching from supratidal buried oil. Based on modeling
information, PAH concentration of supratidal buried oil in most locations will decrease by 20 percent
within 5 years. In some isolated conditions, the PAH’s could persist longer (OSAT-2, 2011). If any
inland spills occur, they would likely be small and at inland service bases or other support facilities and
generally located away from wetlands; therefore, the spills would not be expected to affect wetlands.

While landloss will continue from subsidence and saltwater intrusion, the State of Louisiana and COE
have implemented freshwater diversion projects to minimize the effect of this saltwater-induced landloss.
Landloss would continue from vessel traffic; however, because of the small increase in traffic caused by a
CPA proposed action, this loss would also be minimal. A CPA proposed action would not require any
channel maintenance; therefore, no additional wetland loss would result from dredged material disposal.
If dredged-material disposal is required, it would likely be beneficially used for marsh creation. The OCS
wastes and drilling by-products would be delivered to existing disposal facilities approved by USEPA for
handling these materials. Because of existing capacity, no additional expansion into wetland areas is
expected.

Development pressures in the coastal regions of Louisiana, Mississippi, Alabama, and Florida have
caused the destruction of large areas of wetlands. In coastal Louisiana, the most destructive
developments have been the inland oil and gas industry projects, which have resulted in the dredging of
huge numbers of access channels. Agricultural, residential, and commercial developments have caused
the most destruction of wetlands in Mississippi, Alabama, and Florida. In Florida, recreational and tourist
developments have been particularly destructive. These trends are expected to continue. During the
period from 2001 to 2040, between 248,830 and 346,590 ha (614,872 and 856,443 ac) of wetlands would
be lost from the Louisiana coastal zone and 1,600-2,000 ha (647-809 ac) would be lost from the
Mississippi coastal zone. Wetland losses in the coastal zones of Alabama and Florida are assumed to be
comparable with those in Mississippi. New and existing pipeline channels would continue eroding,
largely at the expense of wetlands; however, channel armor may be added at a later date. However, these
estimates do not take into account the current regulatory programs, modern construction techniques and
mitigations, or any new techniques that might be developed in the future. Because of modern
construction techniques and mitigation measures, there would be zero to negligible impacts on wetland
habitats as a result of a pipeline emplacement. A CPA proposed action represents a small percentage
(3-4%) of total OCS activity (USDOI, MMS, 2007c). Impacts associated with a CPA proposed action are
a minimal part of the overall OCS impacts. The cumulative effects of human 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 landloss. Deltaic Louisiana is expected to continue to
experience the greatest loss of wetland habitat. Wetland loss is also expected to continue in coastal
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Mississippi, Alabama, and Florida, but at slower rates. The incremental contribution of a CPA proposed
action to the cumulative impacts on coastal wetlands is expected to be small.

4.2.1.5. Seagrass Communities

The full analyses of the potential impacts of routine activities and accidental events associated with a
CPA proposed action and a proposed action’s incremental contribution to the cumulative impacts are
presented in this EIS. This is a summary of the potential impacts. Turbidity impacts from pipeline
installation and maintenance dredging associated with a CPA proposed action would be temporary and
localized, and the impacts would be further reduced by permit requirements and mitigation. The
increment of impacts from service-vessel transit associated with a CPA proposed action would be
minimal because these vessels would continue to use the same channels that currently support the OCS
Program and because these channels are generally away from submerged vegetation beds. Should an oil
spill occur near a seagrass community, impacts from the spill and cleanup would be considered short term
in duration and minor in scope. The floating nature of nondispersed crude oil, the regional microtidal
range, the dynamic climate with mild temperatures, and the amount of microorganisms that consume oil
would alleviate prolonged effects on submerged vegetation communities. Close monitoring and
restrictions on the use of bottom-disturbing equipment to clean up the spill would be needed to avoid or
minimize those impacts. Of the cumulative activities, dredging generates the greatest overall risk to
submerged vegetation. However, hurricanes cause direct damage to seagrass beds, which could cause a
failure to recover in the presence of cumulative stresses. When considered with other stresses, a CPA
proposed action would cause a minor incremental contribution to cumulative impacts due to dredging
from maintenance of channels.

4.2.1.5.1. Description of the Affected Environment

This is a description of seagrass communities in the CPA (Louisiana, Mississippi, Alabama, and
because of its close proximity to the CPA, Florida is discussed here). This information is from a search
that was conducted for information published on submerged vegetation, and various Internet sources were
examined to determine any recent information regarding seagrasses. Sources investigated include
BOEM, USDOC/NOAA, the USGS National Wetlands Research Center, the USGS Gulf of Mexico
Integrated Science Data Information Management System, Seagrass Watch, Gulf of Mexico Alliance,
State environmental agencies, USEPA, and coastal universities. Other websites from scientific
publication databases were checked for new information using general Internet searches based on major
themes.

Submerged vegetation distribution and composition depend on an interrelationship among a number
of environmental factors that include water temperature, depth, turbidity, salinity, turbulence, and
substrate suitability (Kemp, 1989; Onuf, 1996; Short et al., 2001). Marine seagrass beds generally occur
in shallow, relatively clear, protected waters with sand bottoms (Short et al., 2001). Freshwater SAV
species occur in the low-salinity waters of coastal estuaries (Castellanos and Rozas, 2001). True
seagrasses that occur in the Gulf of Mexico are Halodule beaudettei (formerly Halodule wrightii; shoal
grass), Halophila decipiens (paddle grass), Halophila engelmannii (star grass), Syringodium filiforme
(manatee grass), and Thalassia testudinum (turtle grass) (Short et al., 2001; Handley et al., 2007).
Although it is not considered a true seagrass because it has hydroanemophilous pollination (pollen grains
float) and can tolerate freshwater, Ruppia maritima (widgeon grass) is common in the brackish waters of
the Gulf of Mexico (Zieman, 1982; Berns, 2003; Cho and May, 2008). Freshwater genera that are
dominant in the northern Gulf of Mexico are Ceratophyllum, Najas, Potamogeton, and Vallisneria
(Castellanos and Rozas, 2001; Cho and May, 2008). Submerged vegetation increases protection from
predation and food resources for associated nekton (Rozas and Odum, 1988; Maiaro, 2007). Seagrasses
and freshwater SAV’s provide important nursery and permanent habitat for sunfish, killifish, immature
shrimp, crabs, drum, trout, flounder, and several other nekton species, and they provide a food source for
species of wintering waterfowl and megaherbivores (Rozas and Odum, 1988; Rooker et al., 1998;
Castellanos and Rozas, 2001; Heck et al., 2003; Orth et al., 2006). Nekton densities are often higher in
SAV and seagrass habitats than in nonvegetated areas because of the protection and forging opportunities
these habitats offer (Castellanos and Rozas, 2001; Sheridan and Minello, 2003; Hitch et al., 2011). They
also act in carbon sequestration, nutrient cycling, and sediment stabilization (Heck et al., 2003; Duarte et



4-524 Western and Central Planning Areas Multisale EIS

al., 2005; Orth et al., 2006; Frankovich et al., 2011). They are also substrate for epiphytes to grow, and
while this can be a hindrance (shading) to the seagrass if too thick, those epiphytes serve as another food
source to different species (Howard and Short, 1986; Bologna and Heck, 1999).

According to the most recent and comprehensive data available, approximately 500,000 ha
(1.25 million ac) of seagrass beds are estimated to exist in exposed, shallow coastal/nearshore waters and
embayments of the Gulf of Mexico, and over 80 percent of these beds are in Florida Bay and Florida
coastal waters (calculated from Handley et al., 2007). In the northern Gulf of Mexico from south Texas
to Mobile Bay, seagrasses occur in relatively small beds behind barrier islands in bays, lagoons, and
coastal waters (Figure 4-4), while SAV’s occur in the upper freshwater regions of estuaries and rivers
(Onuf, 1996; Castellanos and Rozas, 2001; Handley et al., 2007). Increased nutrients and sediments from
either natural or anthropogenic events such as tropical cyclones and watershed runoff are common and
significant causes of seagrass decline (Carlson and Madley, 2007). Recent increases in natural and
anthropogenic stresses have led to decreases in these communities worldwide (Orth et al., 2006). The
USGS’s Seagrass Status and Trend 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, and 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.

Louisiana: In Louisiana, submerged vegetation primarily consists of freshwater and low-salinity
vegetation (SAV), and these beds are found in coastal waterbodies like Lake Pontchartrain, Biloxi Marsh,
and the Barataria-Terrebonne estuary (Maiaro, 2007; Poirrier et al., 2010). Seagrass beds in Louisiana
have low densities and are rare. This is largely due to the turbid water conditions that are caused by the
Mississippi and Atchafalaya Rivers. The exceptions are the beds in the vicinity of the Chandeleur Island
chain located between Louisiana and Mississippi (Poirrier, 2007). Many submerged beds in Louisiana are
continually affected by storm events of different severities throughout the year, which dictate recovery
time because that is a function of the size of the disturbance (Fourqurean and Rutten, 2004). In the past
5 years, three tropical cyclones made landfall near the Louisiana coast. Hurricane Humberto (2007) and
Tropical Storm Edouard (2008) hit near the Texas/Louisiana border, but Hurricane Gustav (2008) made
landfall near Cocodrie, Louisiana (USDOC, NOAA, 2010d). These storms hit areas that have a small
amount of submerged vegetation. Hurricane Ida (2009) skirted the Mississippi River Delta before making
landfall as a weakened extratropical mass in Alabama, and this storm event did not have any documented
long-term effect on local submerged grass communities with wind force (USDOC, NOAA, 2010d).
Submerged vegetation is physically removed, buried, or exposed to drastic salinity shifts after severe
storm events (Maiaro, 2007). The recovery times for beds depend on the size of the disturbance. Strong
storm events not only remove seagrass and SAV beds but also change the nekton community structure
(Maiaro, 2007). In Biloxi Marsh, southeast Louisiana, nekton communities at sites denuded of
R. maritima by Hurricanes Cindy and Katrina resembled communities in sites that had no vegetation
before the hurricanes (Maiaro, 2007). A general description of storm effects on submerged vegetation is
in Chapter 4.2.1.5.4. The seagrasses behind the Chandeleur Island chain and SAV communities within
Plagquemines and St. Bernard Parishes likely had contact with the oil from the DWH event because this
area had oil on the shoreline (USDOC, NOAA, 20100; OSAT-2, 2011). This area also had considerable
physical stress from various prevention and cleanup efforts such as the berm (Louisiana Coastal
Protection and Restoration Authority, 2010). Because of increased sediment load from the berm, there
could be a decrease in submerged vegetation and a negative impact on the communities in the areas
affected by the DWH event (Martinez et al., 2012). There are ongoing research projects that will
document effects of the spill and associated activities on local communities. This research also includes a
study on the environmental effects from the oil barrier berms built in portions of southeastern Louisiana.
Just under a half of these structures were constructed near the Chandeleur Island seagrass beds. These
submerged beds help support the geologic integrity of Louisiana’s fragile barrier islands and the
biological integrity of Louisiana’s essential fauna (Poirrier, 2007).

Mississippi: Seagrass beds primarily occur in the Mississippi Sound and are in the proximity of the
Grand Bay National Estuarine Research Reserve, Buccaneer State Park, and the Gulf Island National
Seashore islands of Ship, Horn, Petit Bois, and Cat (Moncreiff, 2007). After local extinctions of
T. testudinum and S. filiforme from Hurricane Camille and recent increases in freshwater outflow from
nearby watersheds, there has been an increase in R. maritima and a persistence of H. beaudettei, making
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them the predominant submerged vegetation communities along the Mississippi coast (Cho and May,
2008; Cho et al., 2009; Barry A. Vittor and Associates, Inc., 2009). While submerged vegetation
abundance decreased in 2005 after the passage of Hurricanes Cindy and Katrina, there was a documented
increase in abundance in 2006 (Cho and May, 2008). Because R. maritima is known to be resilient to
temporary disturbances, further studies confirmed a seasonal trend to percent cover changes in
Mississippi Sound (Cho and May, 2008). This resiliency could be an important factor in ecosystem
health when disturbances are experienced. Mississippi Sound had oil slicks from the DWH event, and
some beds within that area had contact with both tarballs and oil (USDOC, NOAA, 20100). With oil in
the area of Mississippi Sound, there is the potential for at least short-term decreases in seagrass cover and
an adverse effect on the associated community. There is a more detailed discussion of oil-spill effects on
submerged vegetation in Chapter 4.2.1.5.3.

Alabama: Barry A. Vittor & Associates, Inc. (2009) reported approximately 2,100 ha (5,250 ac) of
freshwater and marine submerged vegetation in Alabama coastal waters. These communities are
dominated by Myriophyllum spicatum, Najas quadalupensis, and Vallisneria americana in freshwater to
R. maritima and H. beaudettei in marine waters. They found there was a decrease in SAV cover in the
southern portion of the study area in coastal Alabama from 2002 to 2009 by approximately 20 percent.
Hurricanes lvan and Katrina potentially influenced the local SAV communities with increased salinity,
water turbidity, and scouring from storm surges (Barry A. Vittor & Associates, Inc., 2009). However,
there was no large-scale impact on the distribution or ecological performance of Alabama’s marine
seagrass beds from either Hurricane Ivan or Katrina (Byron and Heck, 2006; Anton et al., 2009). In the
past 5 years, three tropical cyclones made landfall near or on the Alabama coast. Tropical Storm
Claudette and Hurricane Ida were in 2009, and both were in weakened states at landfall (USDOC,
NOAA, 2010d). Oil and tarballs from the DWH event contacted the barrier islands in coastal Alabama
and, as stated in the Mississippi paragraph above, oil was in Mississippi Sound (USDOC, NOAA, 2010r).
Alabama’s submerged vegetation beds are similar to the coastal beds in Mississippi.

Florida: There are an estimated 400,000 ha (1 million ac) of seagrasses in west Florida’s nearshore
coastal waters and Florida Bay (Carlson and Madley, 2007). Most of the seagrass coverage in Florida is
in south Florida and the higher-salinity estuarine regions in the Florida Panhandle, between Pensacola and
Alligator Harbor, and the Big Bend area (Dawes et al., 2004; Carlson and Madley, 2007; Carlson et al.,
2010). All of the seagrass species that occur in the northern Gulf of Mexico are present in Florida’s
waters. Many of the SAV genera are found in Florida’s inland estuaries, bays, lagoons, and coastal rivers
(Kraemer et al., 1999; Lores et al., 2000; Hoyer et al., 2004). The Big Bend area has low wave energy
due to the shallow and gently sloping nature of the sea bottom, and these beds extend into Federal waters
(CSA and Martel Laboratories, Inc., 1985; Zieman and Zieman, 1989). This area had declined by
approximately 95,000 ha (234,750 ac) in 2001 to approximately 91,000 ha (224,866 ac) in 2006 (4.5%) in
continuous seagrass coverage (Carlson et al., 2010). Throughout the west Florida shelf, there are
seasonally patchy offshore beds of H. decipiens (Dawes et al., 2004). Many beds in Florida are protected
by extensive barrier islands. These islands help protect the Florida coast from the many tropical cyclones
that impact this State. However, the increased turbidity and freshwater from these storm events have
decreased many areas of seagrass beds on the western coast of Florida (Carlson et al., 2010). In the past
5 years, Florida had six tropical cyclones make landfall on its western coast. These were Tropical Storm
Alberto and Hurricane Ernesto in 2006, Tropical Storms Barry and Olga in 2007, Tropical Storm Fay in
2008, and Tropical Storm Claudette in 2009 (USDOC, NOAA, 2010d). These storms impacted different
parts of the Florida coast from the panhandle to Tampa and the Keys. The panhandle was exposed to oil
and tarballs from the DWH event, but the majority of the seagrass beds in south Florida received little
impact from the DWH event (USDOC, NOAA, 20100).

4.2.1.5.2. Impacts of Routine Events

Background/Introduction

The routine events associated with OCS activities in the CPA that could adversely affect submerged
vegetation communities include construction of pipelines, canals, navigation channels, and onshore
facilities; maintenance dredging; and vessel traffic (e.g., propeller scars). Many of these activities would
result in an increase of water turbidity that is detrimental to submerged vegetation health. Through
avoidance and mitigation policies, these effects are generally localized, short term, and minor in nature.
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Existing and projected lengths of OCS-related dredging, pipelines, and vessel activities are described in
detail in Chapters 3.1.1 and 3.1.2.

Proposed Action Analysis

Dredging impacts associated with the installation of new navigation channels, if any are needed, are
greater than those for pipeline installations because they create a much wider and deeper footprint. A
CPA proposed action, however, is only likely to result in 0-1 pipeline landfalls. Pipelines are heavily
regulated and permitted, and they are likely to be required to be sited away from submerged vegetation.
New canal dredging and related disposal of dredged material also cause significant changes in regional
hydrology (Onuf, 1994; Collins, 1995; Erftemeijer and Lewis, 2006). Examples of channel impacts are
the heavy vessel traffic utilizing the Gulf Intracoastal Waterway and the maintenance dredging of the
waterway (Texas Parks and Wildlife Department, 1999). Deepwater oil and gas exploration requires
larger vessels that could cause channel widening; however, the inshore facilities for these services would
probably remain the same as they are now, and no new canals are expected to be required for a CPA
proposed action. In Louisiana, some OCS service facilities are located in the parishes of Cameron,
Calcasieu, Vermilion, Iberia, St. Mary, Terrebonne, Lafourche, Plaguemines, Jefferson, St. Bernard, and
St. Charles (Table 3-13). In Mississippi, there is a shore base in Jackson County, and in Alabama the
shore base is in Mobile County (Table 3-13). Channel dredging to facilitate, create, and maintain
waterfront real estate, marinas, and waterways will continue to be a major impact-producing factor on the
Gulf Coast. The waterway maintenance program of COE has been operating in the CPA for decades.
Impacts generated by initial channel excavations are sustained by regular maintenance activities
performed on average every 2-5 years. Maintenance activities are projected to continue into the future
regardless of the OCS activities.

Dredge and fill activities are the greatest threats to submerged vegetation habitat (Wolfe et al., 1988).
Effects from dredging and resuspension of sediments are relative to dredge type and sediment size
(Collins, 1995). The most serious impacts generated by dredging activities to submerged vegetation and
associated communities are a result of the removal of sediments, changes in salinity, burial of existing
habitat, and oxygen depletion and reduced light associated with increased water turbidity (Erftemeijer and
Lewis, 2006). Increased water turbidity from dredging operations that causes light attenuation negatively
affects vegetation health (Onuf, 1994; Kenworthy and Fonseca, 1996). Suspension of the fine sediments
from dredging activities may influence not only water clarity but also nutrient dynamics in estuaries,
which can decrease overall primary production (Essink, 1999; Erftemeijer and Lewis, 2006). While the
previously mentioned activities can decrease submerged vegetation cover, these actions would be
localized and monitored events. Plans for the installation of new linear facilities and maintenance
dredging are reviewed by a variety of Federal, State, and local agencies and the interested public in order
to receive the necessary government approvals. Mitigation is generally required to reduce undesirable
effects on submerged vegetation beds from dredging activities. The most effective mitigation for direct
impacts to submerged vegetation beds and associated communities is avoidance; however, if contact is
unavoidable then actions such as using turbidity curtains or silt dams with a sizable barrier can alleviate
dredge effects. When possible, dredged material should be removed from the area during maintenance
dredging to ensure total ecosystem recovery (Sheridan, 2004). These are examples of ways government
and industries are decreasing unwanted impacts to submerged vegetation from dredging.

Pipeline construction in coastal waters could temporarily elevate water turbidity in submerged
vegetation beds near the pipeline routes. The duration of increased water turbidity would depend on
factors like currents, bottom topography, and substrate type (Collins, 1995). These effects would be
similar to those discussed with dredging and increased turbidity. The COE and State permit requirements
are expected to require pipeline routes that avoid high-salinity beds, as well as reduce and maintain water
turbidity within tolerable limits for submerged vegetation. Currently 109 active OCS pipelines cross the
Federal/State boundary into State waters and make landfall in Louisiana, 3 in Mississippi, and 4 in
Alabama (Table 3-13). There are 0-1 new pipelines projected in State waters as a result of a proposed
action of the OCS Program for the CPA. These activities are discussed in Chapter 3.1.2.1.6. Most
activities would use existing inshore structures, so less than one pipeline a year would make landfall. If
any new pipelines run to shore due to a CPA proposed action, environmental permit requirements for
locating pipelines would result in minimal impact on seagrasses. Because of regular tidal flushing,
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increased water turbidity from pipeline activities is projected to be below significance levels. Therefore,
effects on submerged vegetation by pipeline installation are predicted to be small and short term.

Vessel traffic would only pose a risk to seagrasses when near shore and to SAV when inshore.
Submerged vegetation beds near active navigation channels would already be altered physically by
regularly occurring associated activities. Because of the depths where major vessel traffic occurs,
propeller wash would not resuspend sediments in navigation channels beyond pre-project conditions.
Vessel traffic that would support a CPA proposed action would continue to use the same channels that
currently support the OCS Program. Little, if any, damage to submerged vegetation beds would occur as
a result of typical channel traffic. Scarring of seagrass beds by vessels (e.g., support vessels for OCS and
State oil and gas activities, fishing vessels, and recreational watercraft) is an increasing concern along the
Mississippi, Alabama, and Florida coasts (Sargent et al., 1995; USDOI, GS, 2004). Scarring most
commonly occurs in water depths less than 2 m (~6 ft) as a result of boats operating in too shallow water
(Zieman, 1976; Sargent et al., 1995; Dunton et al., 1998). Consequently, their propellers and occasionally
their keels plow through vegetated bottoms tearing up roots, rhizomes, and whole plants, leaving a furrow
that is devoid of submerged vegetation (Zieman, 1976; Dawes et al., 1997). This can ultimately destroy
the beds, which are essential nursery habitat for many species (Heck et al., 2003; Orth et al., 2006).
Scarring has been found to be higher in areas with heavy recreational boat use (South Florida Natural
Resources Center, 2008). The recovery period from scarring increases with the width of the scar, type of
scarring, sediment, water quality, and species (Zieman, 1976; Durako et al., 1992; Sargent et al., 1995). If
a bed has extensive damage or an already stressed bed is damaged, it could take decades to recover.
Scarring could have a more critical effect on habitat functions in areas with less submerged vegetation,
like those found in Louisiana. The State of Florida has the Seagrass Outreach Partnership that consists of
citizens, researchers, law enforcement officers, and marine resource managers. It was created to reduce
boating impacts to seagrass meadows through education. Restoration efforts are funded through fines
collected from boaters. There would be little reason for an OCS vessel to anchor or stop in areas that are
not designated ports or work structures; therefore, it would be rare for these vessels to be in areas
populated by vegetation.

Summary and Conclusion

Routine OCS activities in the CPA that may impact seagrasses are not expected to significantly
increase in occurrence and range in the near future, with minimal associated nearshore activities and
infrastructure, such as the projected one new pipeline landfall. Requirements of other Federal and State
programs, such as avoidance of the seagrass and vegetation communities or the use of turbidity curtains,
reduce the undesirable effects on submerged vegetation beds from dredging activities. Federal and State
permit requirements should ensure pipeline routes avoid high-salinity beds and maintain water clarity and
quality. Local programs decrease the occurrence of prop scarring in grass beds, and channels utilized by
OCS wvessels are generally away from exposed submerged vegetation beds. Because of these
requirements and implemented programs, along with the beneficial effects of natural flushing (e.g., from
winds and currents), any potential effects from routine activities on submerged vegetation in the CPA are
expected to be localized and not significantly adverse.

As noted above in the affected environment section, there remains uncertainty regarding the impacts
of the DWH event on submerged vegetation. At least for submerged vegetation in Louisiana, Mississippi,
and Alabama, BOEM cannot definitively determine that the incomplete or unavailable information being
developed through the NRDA process may be essential to a reasoned choice among alternatives.
Nevertheless, the ongoing research on submerged vegetation after the DWH event is being conducted
through the NRDA process. These research projects may be years from completion, and data and
conclusions have not been released to the public. Regardless of the costs involved, it is not within
BOEM’s ability to obtain this information from the NRDA process within the timeline of this EIS. In
light of this incomplete and unavailable information, BOEM subject-matter experts have used credible
scientific information that is available and applied it using scientifically accepted methodology.
Nevertheless, impacts to submerged vegetation from routine activities of a CPA proposed action are
expected to be minimal due to the distance of most activities from the submerged vegetation beds,
because the 0-1 pipeline landfall and maintenance dredging are heavily regulated and permitted, and
because mitigations (such as turbidity curtains and siting away from beds) would likely be required.
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4.2.1.5.3. Impacts of Accidental Events

Background/Introduction

In Louisiana, submerged vegetation primarily consists of freshwater and low-salinity vegetation, but
there are seagrass beds in the vicinity of the Chandeleur Island chain (Poirrier, 2007). Mississippi
seagrass beds primarily occur in Mississippi Sound and are in the proximity of the Gulf Island National
Seashore islands (Moncreiff, 2007). Alabama’s coast has submerged beds throughout the area. Most of
the seagrass coverage in Florida is in south Florida and the higher-salinity estuarine regions in the Florida
Panhandle, between Pensacola and Alligator Harbor, and the Big Bend area (Dawes et al., 2004; Carlson
and Madley, 2007; Carlson et al., 2010). Accidental impact-producing factors from a CPA proposed
action are discussed in Chapter 3.2.

Proposed Action Analysis

Accidental events possible with a CPA proposed action that could significantly adversely affect
submerged vegetation beds include nearshore and inshore spills connected with the transport and storage
of oil. Offshore oil spills that occur in the proposed action area are less likely to contact seagrass
communities than are inshore spills because the seagrass beds are generally protected by barrier islands,
peninsulas, sand spits, and currents. However, if the temporal and spatial duration of the spill is
sufficiently large, then an offshore spill could affect submerged vegetation communities; these low-
probability catastrophic spills are addressed in Appendix B.

The probabilities of a spill >1,000 bbl related to a CPA proposed action occurring and contacting
environmental features are described in Chapter 3.2.1.5.7. The estimated number of offshore spill events
over the 40-year life of a CPA proposed action is up to 1 spill for >1,000 bbl (Table 3-12). The risk of an
offshore spill >1,000 bbl occurring and contacting coastal counties and parishes was calculated by
BOEM'’s oil-spill trajectory model. Counties and parishes are used as an indicator of the risk of an
offshore spill reaching sensitive coastal environments, and this is the point when oil could contact a
submerged vegetation community. Figure 3-10 provides the results of the OSRA model that estimated
the probability of a spill >1,000 bbl occurring offshore as the result of a CPA proposed action and
contacting a Gulf Coast county or parish.

Most of the counties and parishes are at minimum risk of being contacted; the most frequently
calculated probability of a spill contacting their shorelines is <0.5 percent. Eight parishes in Louisiana
and seven counties in Texas have a chance of spill contact that is >0.5 percent. For these
counties/parishes, the chance of an OCS offshore spill >1,000 bbl occurring and reaching their shoreline
ranges from <0.5 percent to 8 percent (Figure 3-10). Plaquemines Parish, Louisiana has the greatest risk
of a spill occurring and contacting its shoreline (8 percent). The Big Bend area of Florida, which can
have seagrasses near Federal waters, has <0.5 percent chance of having contact from an oil spill in the
OCS. Inshore spills may result from either vessel collisions or ruptured pipelines that release crude and
condensate oil. The coast from the Atchafalaya Bay to east of the Mississippi River in Louisiana has the
greatest risk of experiencing coastal spills related to a CPA proposed action (Chapter 3.2.1.7.1).

Because of the floating nature of nondispersed crude oil, the regional microtidal range, the dynamic
climate with mild temperatures, oxidized sediment, and the amount of microorganisms that consume oil,
these spills would typically be short-term events and have little prolonged effects on vegetated
communities and the associated fauna (DeLaune et al., 1990; Taylor et al., 2007; Roth and Baltz, 2009).
Increased water turbulence from waves, storms, or vessel traffic breaks apart the surface oil sheen and
disperses some oil into the water column or mixes oil with sediments that could settle and coat an entire
plant (Teal and Howarth, 1984; Burns et al., 1994). This coating situation also happens when oil is
treated with dispersants because the dispersants break down the oil and it sinks into the water column
(Thorhaug et al., 1986; Runcie et al., 2004). However, as reviewed in Runcie et al. (2004), oil mixed with
dispersants has shown an array of effects on seagrass depending on the species and dispersant used. An
offshore spill would inundate the coastal waters first and affect local communities similar to an inshore
spill. With a greater distance from shore, there is a greater chance of the oil being weathered by natural
and mechanical processes by the time it reaches the nearshore habitat.

If an oil slick settles into a protective embayment where submerged vegetation beds are located,
decreased water clarity from coating and shading could cause reduced chlorophyll production and could
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lead to a decrease in vegetation (Erftemeijer and Lewis, 2006). Depending on the species and
environmental factors (e.g., temperature and wave action), seagrasses may exhibit minimal impacts, such
as localized loss of pigmentation, from a spill; however, communities residing within the beds could
accrue greater negative outcomes (den Hartog and Jacobs, 1980; Jackson et al., 1989; Kenworthy et al.,
1993; Taylor et al., 2006). Community effects could range from either direct mortality due to smothering
or indirect mortality from loss of food sources and habitat to a decrease in ecological performance of the
entire system depending on the severity and duration of the spill event (Zieman et al., 1984). Another
source of potential impacts to submerged beds is the possibility of buried or sequestered oil becoming
resuspended after a disturbance, which would have similar effects as the originally oiling event. Because
different species have different levels of sensitivity to oil, it is difficult to compare studies and extrapolate
what variables caused the documented differences in vegetation and community health (Thorhaug et al.,
1986; Runcie et al., 2004). In general, studied seagrasses did not show significant negative effects from a
spill (den Hartog and Jacobs, 1980; Kenworthy et al., 1993; Taylor et al., 2006; Taylor et al., 2007).

Prevention and cleanup efforts could also affect the health of submerged vegetation communities
(Zieman et al., 1984). Many physical prevention methods such as booms, barrier berms, and diversions
can alter hydrology, specifically changing salinity and water clarity. These changes would harm certain
species of submerged vegetation because they are tolerant to certain salinities and light levels (Zieman
et al., 1984; Kenworthy and Fonesca, 1996; Frazer et al., 2006). With cleanup, there is increased boat and
human traffic in these sensitive areas that generally are protected from this degree of human disturbance
prior to the response. Increased vessel traffic would lead to elevated water turbidity and increased prop
scarring. While the elevated levels of water turbidity from vessels would be short-term and the possible
damages from propellers could be longer, both events would be localized during the prevention and
cleanup efforts (Zieman, 1976; Dawes et al., 1997). The information that is currently available since the
DWH event about the current state of the submerged vegetation from Louisiana, Mississippi, Alabama,
and Florida is found in Chapter 4.2.1.5.1.

Summary and Conclusion

Although the size is small and the duration short, the greatest threat to inland, submerged vegetation
communities would be from an inland spill resulting from a vessel accident or pipeline rupture. The
resulting slick may cause short-term and localized impacts to the submerged vegetation bed. There is also
the remote possibility of an offshore spill to such an extent that it could also affect submerged vegetation
beds, and this would have similar effects to an inshore spill. Because prevention and cleanup measures
can have negative effects on submerged vegetation, close monitoring and restrictions on the use of
bottom-disturbing equipment would be needed to avoid or minimize those impacts. The floating nature
of nondispersed crude oil, the regional microtidal range, the dynamic climate with mild temperatures, and
the amount of microorganisms that consume oil would alleviate prolonged effects on submerged
vegetation communities. Also, safety and spill-prevention technologies are expected to continue to
improve and would decrease the detrimental effects to submerged vegetation from a CPA proposed
action.

As noted above in the affected environment section, there remains uncertainty regarding the impacts
of the DWH event on submerged vegetation. At least for submerged vegetation in Louisiana, Mississippi,
and Alabama, BOEM cannot definitively determine that the incomplete or unavailable information being
developed through the NRDA process may be essential to a reasoned choice among alternatives.
Nevertheless, the ongoing research on submerged vegetation after the DWH event is being conducted
through the NRDA process. These research projects may be years from completion, and data and
conclusions have not been released to the public. Regardless of the costs involved, it is not within
BOEM?’s ability to obtain this information from the NRDA process within the timeline of this EIS. In
light of this incomplete and unavailable information, BOEM subject-matter experts have used credible
scientific information that is available and applied it using scientifically accepted methodology.
Nevertheless, impacts to submerged vegetation from an accidental event related to a CPA proposed action
are expected to be minimal due to the distance of most activities from the submerged vegetation beds and
because the likelihood of an accidental event of size, location, and duration reaching submerged
vegetation spills remains small.
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4.2.1.5.4. Cumulative Impacts

Of all of the activities in the cumulative scenario found in Chapter 3.3, dredging, oil spills/pipelines,
hydrological changes, and storm events present the greatest threat of impacts to submerged vegetation
communities.

Background/Introduction

Generally, dredging generates the greatest overall risk to submerged vegetation by uprooting and
burying plants, decreasing oxygen in the water, and reducing water clarity in an area. Increased dredging
in the CPA is expected only in areas that do not support submerged vegetation beds. Maintenance
dredging would not have a substantial effect on existing seagrass habitat given that no new channels are
expected to be dredged as a result of OCS activities in the CPA. Maintenance dredging and vessel traffic
related to a CPA proposed action remains a subset of all dredging and traffic issues from all sources in the
Gulf.  Another anthropogenic activity that could cause adverse effects to submerged vegetation is
accidental oil-spill events. These are generally rare and small-scale, but they do add to the possible
cumulative damage to the submerged vegetation systems. Historic and some recent construction of
structures like levees and berms change local hydrology and that effects submerged vegetation beds.
There has also been an increase in tropical cyclone events in the Atlantic. Hurricanes generate substantial
overall risk to submerged vegetation by burial and eroding channels through seagrass beds. When
combined with other stresses, impacted seagrass beds may fail to recover.

In support of inshore petroleum development, the oil and gas industry performs dredging that impacts
lower salinity submerged vegetation in Louisiana. Mitigation may be required to reduce undesirable
impacts of dredging to submerged vegetation. Maintenance dredging of navigation channels by COE
helps sustain the outcome of the original dredging event. This occurs generally every 2-5 years despite a
CPA proposed action. For a proposed action in the CPA, offshore oil and gas activities are projected to
generate 0-1 pipeline landfalls. The most effective mitigation for direct impacts to submerged vegetation
beds is avoidance, but there are other mitigation techniques in place to lessen the effects of unavoidable
disturbances. For a more detailed discussion of dredging effects on submerged vegetation, refer to
Chapter 4.2.1.5.2.

Inshore oil spills generally present a greater risk of adversely impacting submerged vegetation and
seagrass communities than do offshore spills with regards to OCS activities in the CPA. However, if an
offshore spill is of large magnitude like that of the DWH event, then oil could make contact with and have
similar effects to submerged vegetation beds as an inshore spill. Although little to no direct permanent
mortality of seagrass beds is expected as a result of oil-spill occurrences, contact of seagrasses with crude
and refined oil has been implicated as a cause of the decline in plant biomass and cover, and as a cause of
the observed changes in species composition within them (Zieman et al., 1984; Erftemeijer and Lewis,
2006). Because nondispersed oil floats and because of the local microtidal range, oil spills alone would
typically have little impact on submerged vegetation beds and associated epifauna. During and after a
spill event, the cleanup effort can cause significant scarring and trampling of submerged vegetation beds
with increased traffic in the area. Preventative measures (booms, berms, and diversions) can alter water
hydrology and salinity, which could harm the beds and their associated communities. With an 8 percent
probability of an offshore oil spill making any possible contact with submerged vegetation beds (Figure
3-10) and because inshore spills would be small and short-lived, oil exposure is not expected to increase
over current levels with a CPA proposed action. Oil-spill effects on submerged vegetation are discussed
in more detail in Chapter 4.2.1.5.3.

Submerged vegetation communities can be scarred by boat anchors, keels, and propellers, and by
activities such as trampling, trawling, and seismic surveys (Sargent et al., 1995; Dunton et al., 1998).
Loggerhead turtles, other large animals, and storm events can scar vegetated bottoms. A few State and
local governments (Seagrass Outreach Partnership) have instituted management programs that have
resulted in reduced scarring, which could decrease bed patchiness. The OCS-related vessel traffic is not
expected in areas of high submerged vegetation abundance. A more detailed discussion of vessel traffic
effects on submerged vegetation can be found in Chapter 4.2.1.5.2.

Many of man’s activities have caused landloss either directly or indirectly by accelerating natural
processes. Floodwaters layered sediment over the active Mississippi River deltaic plain, and this
accretion countered ongoing submergence and built new land. However, the river was channelized and
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leveed in the early 1900°s. Because of this anthropogenic effect, areas that did not receive sediment-laden
floodwaters continually lost elevation. Further compounding this effect, the suspended sediment load in
the Mississippi River has decreased more than 50 percent since the 1950’s, largely as a result of dam and
reservoir construction and soil conservation practices in the drainage basin (Turner and Cahoon, 1987).

Saltwater intrusion, as a result of river channelization and canal dredging, is a major cause of coastal
habitat deterioration (including submerged vegetation communities) (Boesch et al., 1994). Productivity
and species diversity associated with SAV habitat in the coastal marshes of Louisiana are greatly reduced
by saltwater intrusion (Stutzenbaker and Weller, 1989; Lirman et al., 2008). Due to increased salinities
farther up the estuaries, some salt-tolerant species of submerged vegetation (including seagrasses) are able
to populate areas farther inland and outcompete the dominant SAV species (Longley, 1994). Large shifts
in salinities can decrease both seagrass and SAV populations, which decreases their ecological function
for juvenile fishes and invertebrates. An example of a salinity shift that occurs in Louisiana is the
opening of the Bonnet Carré Spillway to divert the Mississippi River flood waters into Lake Pontchartrain
during high-water stages. This freshwater eventually flows into Mississippi and Chandeleur Sounds,
lowering salinities there. In the past, spillway openings have been associated with a noticeable decrease
in seagrass vegetation acreage (Eleuterius, 1987). Conversely, the Caernarvon Freshwater Diversion into
the Breton Sound Basin, east of the River, provides more regular flooding events, which have reduced
average salinities there. Reduced salinities there have triggered a large increase in acreage of submerged
aquatic vegetation like R. maritima (Cho et al., 2009).

When the Mississippi River is in flood condition, as in May 2011, floodways are opened to alleviate
the threat of levee damage (e.g., Bonne Carré Spillway). The floodways of the Mississippi River direct
water to estuarine areas where flood waters may suddenly reduce salinities for a couple of weeks to
several months. This lower salinity can damage or kill high-salinity seagrass beds if low salinities are
sustained for longer periods than the seagrass species can tolerate (Eleuterius, 1987). If this continues to
happen, over time seagrass beds could become stressed and more vulnerable to other impacts. Increased
nutrients from diversions, runoffs, or flooding events can cause eutrophication in local waters. This can
increase phytoplankton and epiphytic growth, which will shade and decrease submerged vegetation
(Borowitzka et al., 2006; Orth et al., 2006). This relationship is complex and depends on multiple
environmental factors. A CPA proposed action is not going to significantly change flow regimes or add
to eutrophication in the CPA.

Currently, there is a period of significant increased tropical cyclone activity in the Gulf of Mexico.
These storms can remove or bury submerged beds and the barriers that protect them from storm surges.
This could weaken the existing populations of local submerged vegetation. A list of recent storm events
in the CPA is presented in Chapter 4.2.1.5.1. Seagrass beds have been repeatedly damaged by the
natural processes of transgression from hurricane overwash of barrier islands. Storm-generated waves
wash sand from the seaward side of the islands over the narrow islands and cut new passes through the
islands. The overwashed sand buries seagrass beds on the back side of the islands. Cuts formed in the
islands erode channels that remove seagrass in its path (Michot and Wells, 2005). Over time, seagrass
recolonizes the new sand flats on the shoreward side, and the natural processes of sand movement rebuild
the islands. Hurricane impacts can produce changes in seagrass community quality and compaosition
(Maiaro, 2007). These increased tropical cyclone events coincide with the current period of global
climate change. Whether it is from anthropogenic activities or natural cycles, increased surface water
temperature, sea level, and storm events have effects on seagrass beds by adding stress to this sensitive
and already stressed ecosystem (Orth et al.,, 2006). A CPA proposed action is not expected to
significantly increase the effects from a natural disturbance.

Summary and Conclusion

In general, a CPA proposed action would cause a minor incremental contribution to impacts on
submerged vegetation from dredging, pipeline installations, possibly oil spills, and boat scarring.
Dredging generates the greatest overall risk to submerged vegetation, while naturally occurring hurricanes
cause direct damage to beds. The implementation of proposed lease stipulations and mitigation policies
currently in place, the small probability of an oil spill, and that flow regimes are expected to change,
further reduces the incremental contribution of stress from a CPA proposed action to submerged
vegetation.
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Unavailable information on the effects to submerged vegetation from the DWH event (and thus
changes to the submerged vegetation baseline in the affected environment) makes an understanding of the
cumulative effects less clear. The BOEM concludes that the unavailable information from these events
may be relevant to foreseeable significant adverse impacts to submerged vegetation. Relevant data on the
status of submerged vegetation beds after the DWH event may take years to acquire and analyze, and
impacts from the DWH event may be difficult or impossible to discern from other factors. Therefore, it is
not possible for BOEM to obtain this information within the timeframe contemplated by this NEPA
analysis, regardless of the cost or resources needed. In light of the incomplete or unavailable information,
BOEM subject-matter experts have used available scientifically credible evidence in this analysis and
applied it using accepted methods and approaches. Nevertheless, BOEM believes that incomplete or
unavailable information regarding effects of DWH on submerged vegetation is not essential to a reasoned
choice among alternatives in the cumulative effects analysis. In light of this, the incremental contribution
of a CPA proposed action remains minor compared with the cumulative effects of other factors, including
dredging, hurricanes, and vessel traffic.

42.1.6. Live Bottoms

4.2.1.6.1. Live Bottoms (Pinnacle Trend)

The BOEM has protected Pinnacle Trend features that support sensitive benthic communities since
1974 and recommends oil and gas operators avoid contact with these features by providing a 100-ft
(30-m) buffer zone as described in NTL 2009-G39, “Biologically-Sensitive Underwater Features and
Areas” (USDOI, MMS, 2009a). The Gulf of Mexico seafloor in the CPA is mostly mud bottoms with
varying mixtures of sand in some areas; however, there are some rock features that protrude into the water
column that form a reef that may support organisms that are different from those on typical soft bottoms.
These reefs are relatively rare on the seafloor compared with the ubiquitous soft bottoms, and they
provide habitat for sensitive species (Parker et al., 1983).

Pinnacle features are located on 74 OCS lease blocks in the northeastern CPA of the Gulf of Mexico.
They are defined in this Agency’s NTL 2009-G39, “Biologically-Sensitive Underwater Features and
Areas,” as “small, isolated, low to moderate relief carbonate reefal features or outcrops of unknown origin
or hard substrates exposed by erosion that provide surface area for the growth of sessile invertebrates and
attract large numbers of fish.”

Over time, knowledge of these communities has increased and protective measures have evolved.
This Agency has conducted environmental studies in the GOM for the past 35 years. Protective measures
were instituted based on the nature and sensitivity of Pinnacle habitats and their associated communities.
These protections have developed into stipulations applied to OCS leases. The lease stipulations establish
protection zones around the core of the feature and prohibit any contact with the seafloor. Details of the
restrictions are described in this Agency’s NTL 2009-G39. The Biological Stipulation Map Package
(http://boem.gov/Requlations/Notices-To-L essees/Notices-to-L essees-and-Operators.aspx) includes maps
and lists of the protected features.

The BOEM has examined the Pinnacle Trend features based on the information presented below.
Results of searches that were conducted for available data indicating any impacts to Pinnacle Trend
features as a result of the DWH event have also been included in this assessment. A full analysis of the
potential impacts of routine activities, accidental events, and cumulative impacts associated with a CPA
proposed action are presented in this document.

4.2.1.6.1.1. Description of the Affected Environment

The northeastern portion of the CPA exhibits a region of high topographic relief known as the
“Pinnacle Trend” at the outer edge of the Mississippi-Alabama shelf between the Mississippi River and
De Soto Canyon. The Pinnacle Trend spreads over a 103 x 26 km area (64 x 16 mi) in water depths of
60-200 m (200-650 ft) (Figure 4-36). It includes pinnacles, flat-top reefs, patch reefs, reef-like mounds,
and isobath parallel ridges (Sager et al., 1992; Brooks and Giammona, 1990; CSA, 1992b).

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. The high-relief features are
complex in shape and structure and provide varied zones of microhabitat for attached organisms. Low-
relief features include fields of small seafloor mounds that rise only a meter or two from the seafloor but
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provide hard surfaces for encrusting and attached epifauna. These low-relief, hard-bottom areas are
discussed in Chapter 4.2.1.6.2. Both high- and low-relief features are relict features that developed prior
to the most recent sea-level rise and do not support active reef-building activity (Thompson et al., 1999).
Fields of shallow depressions about 1 to 5-6 m across (3-20 ft) also add complexity to the overall
character of the Pinnacle Trend area.

The shape and configuration of these structures is similar to tropical coral reef formations. Early
investigators of this area in 1957 hypothesized that they are “drowned calcareous reefs” (Ludwick and
Walton, 1957). Drowned reefs are reefs that were shallow carbonate reefs long ago but their vertical
growth has been outpaced by sea-level rise and seafloor subsidence, resulting in a skeletal reef structure
in water too deep and dark to support a living coral reef (Schlager, 1981). More recent studies using
dredges, grab samples, and imaging have confirmed this evaluation. Some of these formations are tall
and steep-sided in profile. The taller mounds tend to have more complex shapes with pits and overhangs,
in addition to flat tops and vertical sides (CSA and GERG, 2001).

The eastern part of the pinnacles area is covered with a thin, well-sorted layer of fine- to medium-
grained quartzose sand from eastern continental rivers. The western portion is covered with fine silts,
sands, and clays deposited by the Mississippi River (CSA, 1992b). The linear orientation and distribution
of pinnacles correspond with depth contours and may represent a historic shoreline. The rocky pinnacles
provide a surprising amount of surface area for the growth of sessile invertebrates and attract large
numbers of fish.

This Agency has sponsored numerous studies providing information about these features (Brooks,
1991; CSA, 1992b; Thompson et al., 1999; CSA and GERG, 2001). A recent bathymetric survey by
USGS has provided accurate, up-to-date imaging of the seafloor of the region (Gardner et al., 2002). The
Pinnacle Trend covers 74 lease blocks in the CPA (Figure 4-36), which is where BOEM has applied the
Live Bottom (Pinnacle Trend) Stipulation to protect the ecosystem. This area includes portions of the
continental shelf, shelf break, and upper continental slope. The outer limit of the continental shelf is
delineated by the 75-m (246-ft) depth contour. Figure 4-37 provides a perspective view of the central
sector of the Mississippi-Alabama continental shelf. Descriptions of the features that are pictured in
Figure 4-37 are described below. The BOEM proposes the application of the Live Bottom (Pinnacle
Trend) Stipulation for a CPA proposed action within any of the 74 OCS lease blocks that has Pinnacle
Trend features.

Features of the Pinnacle Trend Area

Pinnacles

Tall spire-like mounds are the historical “pinnacles” for which the region is named. Figure 4-38
shows a drawing of a pinnacle in the foreground. The pinnacles rise up to 20 m (66 ft) in height and can
be over 500 m (1,640 ft) in diameter (Thompson et al., 1999; Brooks, 1991). They are scattered along the
74- to 82-m (243- to 269-ft) depth range and also extend laterally for over 28 km (17 mi) at the 105- to
120-m (345- to 394-ft) depth band (Thompson et al., 1999; Schroeder, 2000). The sides are steep and
provide surface area for biological growth (CSA, 1992b). Pinnacles may have formed from coral-algal
assemblages during a rapid sea-level rise (Brooks, 1991).

Patch Reefs

Patch reefs are small mushroom-shaped features about 2-12 m (6-39 ft) in diameter and 3-4 m
(10-13 ft) in height that occur in many areas. They are particularly abundant in fields of as many as
35-70 features per hectare (2.47 ac) along the 74- to 82-m (243- to 269-ft) depth contour in two separate
fields on the western portion of the shelf (Brooks, 1991; Schroeder, 2000).

Flat-Top Reefs

Flat-top reefs (Figure 4-37) are large reef-like structures that occur along the same depth contour as
patch reefs (74-82 m; 243-269 ft) and follow the shelf edge for a distance of over 70 km (43 mi) (Brooks,
1991). They are located in the west-central region of the Mississippi-Alabama shelf (Schroeder, 2000).
The reefs range from 75 to 700 m (245 to 2,300 ft) in diameter and from 7 to 14 m (23 to 46 ft) in height.
The structures have steep sides like the pinnacles, but are flat on top. The flat tops of these features are
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all at essentially the same depth of 66 m (216 ft), which was probably at the sea surface during their
period of formation (Sager et al., 1992).

Reef-Like Mounds

Pinnacles and flat-top reefs fall into the category of reef-like mounds; however, these formations are
also present elsewhere (Thompson et al., 1999). Figure 4-37 shows examples of these features. Several
clusters are found shoreward in 60-70 m (197-230 ft) of water. In the western part of the pinnacle area,
two clusters of reef-like mounds are found at the 87- to 94-m (285- to 308-ft) depth range (Figure 4-37)
(Brooks, 1991). The mounds are 4 m (13 ft) high and 10-70 m (33-230 ft) wide. These features are also
present along the western rim of the De Soto Canyon at depths of 70-80 m (230-262 ft) (Schroeder,
2000).

Ridges and Scarps

Ridges and scarps (Figure 4-39) are the largest features in the area and are found between the 68- and
76-m (223- and 249-ft) depth range (Schroeder, 2000). Linear ridges paralleling the isobaths are reported
in various depths (Brooks, 1991; Thompson et al., 1999). These ridges are typically about 20 m (66 ft)
wide (up to 250 m [820 ft]) and over 1 km (0.6 mi) long. Some ridges are 15 km (9 mi) long (Schroeder,
2000). Most of the ridges are low relief, around 1 m (3 ft) in height. Brooks (1991) found a ridge with
scarps up to 8 m (26 ft) high in depths around 60 m (197 ft). They often occur in groups of 6-8 ridges
together. They appear to be calcareous biogenic features formed during periods of slow sea-level rise
during the last deglaciation (Sager et al., 1992), possibly from lithified coastal dunes (Thompson et al.,
1999).

Shallow Depressions

Shallow depressions are another type of low-relief feature common in the pinnacle area, particularly
to the west of the large pinnacle features. These occur in large fields that do not follow depth contours.
The formations are found in large clusters (up to 80 per km?) (Sager et al., 1992). They are usually
irregularly shaped with bumpy rims, 5-10 m (16-33 ft) across, and probably less than a meter in depth. It
is thought that they are formed by the collapse of sediments following gas expulsion (Brooks, 1991).

Nepheloid Layer

A persistent nepheloid layer characterized by high turbidity was identified as a controlling factor for
hard-bottom communities in the northwestern Gulf of Mexico (Rezak et al., 1990). The nepheloid layer
is a heavy layer of turbid water laden with sediment that is carried along by water currents above the
seafloor. This layer reduces the light reaching the reef, resulting in decreased epibiota and reef fish
species richness and abundance below 80 m (262 ft) (Dennis and Bright, 1988; Rezak et al., 1990).
Previous studies have suggested that the Mississippi River plume influences the distribution and
abundance of sessile invertebrates within 70 km (43 mi) of the river delta and may produce a gradient of
sedimentation and water-column turbidity throughout the Pinnacle Trend (Gittings et al., 1992b; CSA and
GERG, 2001). In the northeastern Gulf, nepheloid layers are infrequent; although in conjunction with
episodic Mississippi freshwater plumes and upwelling, they result in increased light attenuation (CSA and
GERG, 2001).

Ecology of the Pinnacle Trend Area

The pinnacles provide a significant amount of hard substrate for colonization by suspension-feeding
invertebrates and support relatively rich live-bottom and fish communities. Assemblages of coralline
algae, sponges, octocorals, crinoids, bryozoans, and fishes are present at the tops of the shallowest
features in water depths of less than 70 m (230 ft) (CSA, 1992b). On the deeper features, as well as along
the sides of these 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 low-relief rock outcrops (<1 m [3 ft] height) typically
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having low faunal densities, and higher relief features having the more diverse faunal communities
(Gittings et al., 1992b; Thompson et al., 1999).

Environmental Influences on the Pinnacle Trend Area

Substrate characteristics and turbidity seem to be the major factors determining the composition of
communities at different locations and depth levels in the Pinnacle Trend. The biological communities on
the Pinnacle Trend become more diverse toward the east and with greater distance from the Mississippi
River (Gittings et al., 1992b). This is a matter of both substrate and turbidity. The Mississippi River
brings a large load of fine silty sediment to the Gulf of Mexico. Although the majority of this turbidity is
swept to the west by currents, it does affect the communities to the east. Sometimes the pattern is
reversed with the majority swept to the east. Previous studies have suggested that the Mississippi River
plume influences the distribution and abundance of sessile invertebrates within 70 km (43 mi) of the river
delta and may produce a gradient of sedimentation and water-column turbidity throughout the Pinnacle
Trend (Gittings et al., 1992b; CSA and GERG, 2001).

In addition, a nepheloid layer (heavy bottom turbidity layer), common in the western Gulf of Mexico,
sometimes affects the Pinnacle Trend (Weaver et al., 2002). Resuspension of sediments is a major
contributor to turbidity in the Pinnacle Trend. This is more severe in the western part of the Pinnacle
Trend area because currents and wave action resuspend the silty sediments deposited by the Mississippi
River.

Because of the depth of the bottom (60-120 m; 200-400 ft) in the Pinnacle Trend area, waves seldom
have a direct influence. During severe storms, such as hurricanes, large waves may reach deep enough to
stir bottom sediments. These forces are not expected to be strong enough to cause direct physical damage
to organisms living on the reefs. Rather, currents are created by the wave action that can resuspend
sediments to produce added turbidity and sedimentation (Brooks, 1991; CSA, 1992b). The animals in
this region are well-adapted to the effects common to this frequently turbid environment. The end result
of these factors is that benthic communities closer to the Mississippi River are less diverse (CSA, 1992b).

Diversity and density of epibenthic organisms varies considerably between features in the Pinnacle
Trend area. The general trend is less turbidity and greater biological development toward the east. In
addition, the sediment is less silty to the east. This results in an increase of diversity and density of
organisms to the east. Other factors, such as areas with more exposed hard bottom, vertical relief,
rugosity, and complexity of the substrate contribute to higher biological diversity and density.

The association of multiple features in proximity to one another makes an area more biologically
diverse and promotes higher densities of organisms than an area with fewer, more scattered features
(Gittings et al., 1992b). The Pinnacle Trend is a system of exposed hard substrates. Low-relief mounds,
patch reefs, flat-top reefs, tall pinnacles, and ridge formations are often found in groups or clusters,
creating a cumulative environment (Brooks, 1991). The reefs are richer because they are in proximity to
each other. Even solitary, simple, low-relief mounds support low-diversity assemblages, which combine
with major features to form a large reef tract. The Pinnacle Trend forms a major ecosystem with an
influence that pervades the wider regional ecosystem.

Pinnacle Zonation

The characteristics of the substrate have a high degree of control over the composition of the
biological communities that live on it. The features of the Pinnacle Trend are composed of carbonate reef
material (Ludwick and Walton, 1957) and vary in shape, size, and vertical relief. The more complex the
topographic shape of the substrate, the greater the variety of habitats for organisms and thus more high-
density, biologically diverse communities. Shallow depressions and low mounds harbor some organisms,
but the potential is limited. A pinnacle 20 m (66 ft) tall with slopes, cliffs, crevices, and overhangs may
host the maximum number of species and a high density of animals (Gittings et al., 1992b). The bottom
of a tall pinnacle will have very low diversity with mostly upright species present, such as comatulid
crinoids; the ahermatypic hard coral, Rhizopsammia manuelensis; the black corals, Antipathes spp. and
Cirrhipathes sp.; and the gorgonian, Ellisella sp. (Gittings et al., 1992b). The roughtongue bass,
Pronotogrammus martinicensis, is the dominant fish at the base of pinnacles. Other common fish near
the bottom are the red barbier, Hemanthias vivanus; cubbyu, Pareques umbrosus; bigeye soldierfish,
Ostichthys trachpoma; and wrasse bass, Liopropoma eukrines (Weaver et al., 2002).
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Features tall enough to rise above the common effects of turbidity have higher community diversity
and density. At least 34 different epibenthic species were found during one study of the shelf-edge
features (CSA, 1992b). Vertical walls were densely populated by R. manuelensis, with frequent
occurrence of Antipathes spp., Cirrhipathes luetkeni, and Ellisella sp. Some other ahermatypic stony
corals were also seen, including Madrepora carolina, Madracis myriaster, Oculina diffusa, and a solitary
cup coral, possibly Balanophyllia floridana. Comatulid crinoids were also observed. This zone was
dominated by the roughtongue bass and red barbier (Weaver et al., 2002).

The crests of the pinnacles are perhaps slightly more diverse than the walls. The same dominant
species were seen as on the walls, with the common addition of the gorgonian coral, Bebryce sp. (Gittings
et al., 1992b). Species richness is high at the crest of pinnacles, and R. manuelensis is very common.
Coralline algae occur on hard substrates above about 78-m (256-ft) depth (Gittings et al., 1992b). The
crests and walls of pinnacles are dominated by low-growing, ahermatypic hard corals. Fish communities
on pinnacle crests are dominated by the red barbier; roughtongue bass; Gobiidae; greenband wrasse,
Halichoeres bathyphilus; and yellowtail reeffish, Chromis enchrysura (Weaver et al., 2002).

Horizontal surfaces provide surface area for considerably higher biological cover than vertical
surfaces. This is likely because a greater number of individuals are able to settle and colonize a
horizontal surface (Gittings et al., 1992b). Dominant species are similar to those on the walls of the
pinnacles. However, some species not present on vertical surfaces are found on horizontal surfaces,
including several sponges (Geodia neptuni, Cinachyrella sp., and unidentified orange sponges) and a
gorgonian coral, possibly Nicella sp. (Gittings et al., 1992b). The tops of reefs with extensive flat
summits are dominated by the taller gorgonian corals, as well as by sponges and crinoids. It is likely that
sedimentation limits the colonization of low-growing species on these horizontal surfaces, such as many
of the ahermatypic hard corals (Gittings et al., 1992b). Dominant fish species on the flat tops include the
red barbier, roughtongue bass, gobies, yellowtail reeffish, and greenband wrasse (Weaver et al., 2002).

Pinnacle Trend Field Studies

Within the Pinnacle Trend area, the feature known as “36 Fathom Ridge” was studied in some detail.
The 36 Fathom Ridge is part of the Alabama Alps formation. Refer to Figure 4-40 for the location and
topography of this feature. It is 250 m (820 ft) wide and 1 km (0.6 mi) long and oriented in a north-south
direction (Brooks and Giammona, 1990). The feature has a maximum relief of 16 m (52 ft), with the base
88 m (289 ft) below the sea surface and the crest 72 m (236 ft) below the surface (Weaver et al., 2002).
The top of this feature is an irregular, fairly flat surface colonized by octocorals (Bebryce cinerea,
Bebryce grandis, Nicella spp., Ellisella sp., Cirrhipathes sp., Antipathes atlantica, and Ctenocella spp.),
crinoids (Stichopathes lutkeni and Antipathes sp.), gorgonians (Astrocyclus caecilian), ahermatypic coral
(Rhizopsammia manuelensis), coralline algae, sea fans, ascidians, urchins, and sponges (G. neptuni)
(CSA, 1992b; Thompson et al., 1999; Hardin et al., 2001). Flat sections of this feature are also covered
by a silt to sand sediment veneer. The steep sides of the feature are dominated by a dense cover of
Rhizopsammia manuelensis, a solitary coral. Comatulid crinoids, soft corals (Antipathes spp.,
Cirrhipathes luetkeni), some nonreef-building hard corals (Madracis myriaster, Oculina diffusa),
coralline algae, and sponges are also present (CSA, 1992b; Thompson et al., 1999; Hardin et al., 2001).
The walls of the feature were interspersed by some flat areas supporting even greater live cover including
sponges (Geodia neptuni, Cinachtrella sp.), in addition to the vertical wall organism assemblage. The
base of the feature supported low live cover that included the ahermatypic black coral Rhizopsammia
manuelensis, several species of the Antipatharian, Antipathes sp., and several species of comatulid
crinoids (CSA, 1992b; Thompson et al., 1999).

Other ridges that are smaller than 36 Fathom Ridge had very similar composition and amount of live
cover as that of the 36 Fathom Ridge (CSA, 1992b). One of the mound-like features described by CSA
(1992b) was located in water 94 m (308 ft) deep, was 11 m (36 ft) tall, 200 m (656 ft) wide, and 250 m
(820 ft) long. The most common species colonizing the lower parts of the mound was R. manuelensis.
There were also soft corals (Ellisella sp., Cirrhipathes sp.), comatulid crinoids, and antipatharians.
Higher up on the mound, there was a greater density of R. manuelensis, together with the nonreef-
building corals (Madrepora carolensis, M. myriaster, and Oculina sp.), antipatharians (Antipathes sp.),
comatulid crinoids, and soft corals (Nicella sp.).

Roughtongue Reef (Figure 4-41) is an elliptical feature with a 400-m (1,300-ft) diameter base, a flat
top covered with sediment, and steep sides (Weaver et al., 2002). A smaller reef is attached to the south.
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Roughtongue Reef has a maximum relief of 14 m (46 ft), with the base at 78 m (256 ft) below the sea
surface and the crest at 64 m (210 ft) below the surface (Weaver et al., 2002). Bioturbation from infaunal
benthic organisms has been reported in the sediment on the top of the reef (Hardin et al., 2001).
Organisms living on top of the reef are diverse and include octocorals (Bebryce cinera, Bebryce grandis,
Nicella spp., Thesea sp., Stenogorgiinae, and Ctenocella spp); sponges (Ulosa sp., Dysidea sp., and
Ircinia campana); crinoids; ectoprocts (Cellaria sp. and Idmidronea sp.); and an antipatharian spiral whip
(Stichopathes lutkeni) (Hardin et al., 2001). The sides of Roughtongue Reef have a lower density of
organisms and are dominated by R. manuelensis. The base of the feature also had R. manuelensis, along
with octocoral fans and coral (Madracis sp., Oculina sp., and Ctenocella spp.) (Hardin et al., 2001). The
roughtongue bass is also abundant here (Weaver et al., 2002).

Essential Fish Habitat

The NMFS has designated essential fish habitat (EFH) for coral species within the Pinnacle Trend
area that are managed under fishery management plans (FMP) (USDOC, NMFS, 2010a). The EFH is
defined as

“waters—aquatic areas and their associated physical, chemical, and biological properties
that are used by fish and may include aquatic areas historically used by fish where
appropriate; substrate—sediment, hard bottom, structures underlying the waters, and
associated biological communities; necessary—the habitat required to support a
sustainable fishery and the managed species’ contribution to a healthy ecosystem; and
spawning, breeding, feeding, or growth to maturity—stages representing a species’
full life cycle” (USDOC, NMFS, 2010a).

Groups of coral protected under the Coral and Coral Reef FMP include octocorals, fire corals, stinging
corals, stony corals, black corals, and deepwater corals (GMFMC and SAFMC, 1982). The EFH for coral
in the Gulf of Mexico is designated for all life stages. The Magnuson-Stevens Act requires Federal
agencies to consult with NMFS on actions that are to be federally permitted, funded, or undertaken that
may have an adverse effect on EFH. Adverse effects are defined as “any impact that reduces quality
and/or quantity of EFH . . . [and] may include direct (e.g., contamination or physical disruption), indirect
(e.g., loss of prey, reduction of species’ fecundity), site-specific or habitat wide impacts, including
individual, cumulative, or synergistic consequences of actions” (USDOC, NMFS, 2010a). The BOEM is
in the process of consulting with NMFS on a CPA proposed action. (See also Chapter 4.2.1.18, “Fish
Resources and Essential Fish Habitat”.).

Baseline Conditions following the Deepwater Horizon Event

Extensive literature, Internet, and database searches have been conducted for results of scientific data
at pinnacle and low-relief, hard-bottom features following the DWH event. Although many research
cruises have occurred, very few reports containing data have been released as of the publication of this
EIS. Descriptions of studies in progress are discussed, and any results indicated are included below. A
few early data releases have indicated that baseline conditions near the well may have been altered;
however, impacts to hard-bottom areas farther from the well, including the Pinnacle Trend area are still
unknown. Complete knowledge of impacts of the DWH event on the Pinnacle Trend area is currently
unobtainable and likely not essential to making a reasoned choice among the alternatives presented in this
EIS because, under a CPA proposed action, the Live Bottom (Pinnacle Trend) Stipulation, as well as
other appropriate mitigation measures, would be applied where necessary.

The potential oiling footprint as reported through NOAA'’s Environmental Response Management
Application (ERMA), posted on the GeoPlatform.gov website, indicated that oil was recorded in surface
waters above the Pinnacle Trend area (USDOC, NOAA, 2011b). The oil was distributed in patches and
ribbons rather than a continuous blanket of petroleum and migrated over time so that it did not have a
continuous cover over the entire area for the duration of the spill (USDOC, NOAA, 2011b). The crests of
the Pinnacle features rise up to as much as 20 m (66 ft) from the seafloor, at water depths between 60 and
120 m (200 and 400 ft) (Thompson et al., 1999; Schroeder, 2000). Pinnacles, therefore, are 40 m (130 ft)
or more below the sea surface, which help to protect the epibenthic species from physical oil contact
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because their crests are deeper than the physical mixing ability of surface oil (Lange, 1985; McAuliffe
etal., 1975 and 1981a; Tkalich and Chan, 2002; Thompson et al., 1999; Schroeder, 2000).

Water column hydrocarbon measurements collected during the DWH event suggest that it is unlikely
that the pinnacle features were acutely affected by the oil or dispersed oil. Water samples collected by the
R/V Weatherbird on May 23-26, 2010, located 40 nmi (74 km; 46 mi) and 45 nmi (83 km; 52 mi)
northeast of the DWH rig revealed that concentrations of total petroleum hydrocarbons in the water
column were less than 0.5 ppm (Haddad and Murawski, 2010). The total petroleum hydrocarbons
concentrations 40 nmi (74 km; 46 mi) northeast of the well were 0.480 ppm and 0.114 ppm at 50-m
(164 ft) and 100-m (328-ft) depth, respectively. The total petroleum hydrocarbons concentrations 45 nmi
(83 km; 52 mi) northeast of the well were 0.174 ppm and 0.237 ppm at 50 m (164 ft) and 100 m (328 ft),
respectively (Haddad and Murawski, 2010). The crests and bases of the Alabama Alps and Roughtongue
Reef fall between these two water depths and are 40 nmi (74 km; 46 mi) north and 100 nmi (185 km;
115 mi) northeast of the well (Boland et al., 2010) (Figures 4-40 and 4-41). The measured total
petroleum hydrocarbons in the water column near these features indicate the concentrations of total
petroleum hydrocarbons that the hard-bottom features may have been exposed to were extremely low.

Data collected by OSAT (2010) also indicated that the pinnacle features were not likely acutely
affected by the oil or dispersed oil. This study, which was more comprehensive than the study conducted
from the R/V Weatherbird, indicated that PAH’s were detected in the water column near the Pinnacles;
however, the only exceedances of USEPA’s aquatic life benchmarks were measured in the surface and
near-surface waters at approximately 1 m (3 ft) in depth (OSAT, 2010; USDOC, NOAA, 2010u). The
crests of the Pinnacles, which are 40 m (130 ft) or more below the water surface, would have protected
them from physical oil contact because their crests are 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). Any dispersed oil from the surface waters would have extremely low concentrations at
the depth of the Pinnacles because of dilution in the water column with depth. Previous studies measured
dispersed oil at 1 ppm at 10 m (33 ft) or less below the sea surface, a concentration which is below the
lethal range to many corals (McAuliffe et al., 1981a; Lewis and Aurand, 1997; Dodge et al., 1984; Wyers
et al., 1986; Kushmaro et al., 1997). All concentrations of dispersants in the water column near the
Pinnacles were below USEPA’s aquatic life benchmarks (OSAT, 2010). Although PAH’s were detected
in the sediments near the Pinnacle features, none of the samples exceeded USEPA’s aquatic life
benchmarks, and no dispersants were detected in the sediments near the Pinnacle features (OSAT, 2010;
USDOC, NOAA, 2010v).

Concentrations of oil in the 1 ppm range, which is in the range of concentrations of dispersed oil
reported from different sites in other studies (McAuliffe et al., 1981a; Lewis and Aurand, 1997), is higher
than those recorded in the water column near the pinnacle or that which is anticipated to have mixed into
the water column as a result of dispersant use, but there are concentrations likely to cause chronic or
short-term impacts to corals, as opposed to acute toxicity (Dodge et al., 1984; Wyers et al., 1986;
Kushmaro et al., 1997). Therefore, based on the concentrations of oil measured in the area, any impacts
to coral in the Pinnacle Trend to the northeast of the well would likely be sublethal and may include
reduced recruitment success, reduced growth, and reduced coral cover as a result of impaired recruitment
(Kushmaro et al., 1997; Loya, 1975 and 1976b; Rinkevich and Loya, 1977).

Although oil spills would normally impact surface features, the DWH event impacted some hard-
bottom features located much closer to the well on the Mississippi-Alabama shelf than the Pinnacle
Trend. Oil was detected in the CPA in a subsurface plume between water depths of 1,100 and 1,300 m
(3,609 and 4,265 ft) and moving southwest along those depth contours (OSAT, 2010). Epibenthic
organisms that protrude above the sediment may have been exposed to oil droplets in the water column or
at the seafloor/water interface near the subsea plume. The strata where the subsea plume occurred were a
place that scientists recorded visible impact to benthic organisms. A recent report documents damage to a
deepwater (1,400 m; 4,593 ft) coral (gorgonian) community 11 km (7 mi) to the southwest of the well; the
direction of travel of the subsea oil plume. The BOEMRE and NOAA dedicated part of their
collaborative “Lophelia Il Expedition: Qil Seeps and Deep Reefs” to investigate damage to deep corals as
a result of the DWH event. A coral community in the CPA about 15 m x 40 m (50 ft x 130 ft) in size was
severely damaged and that the damage was the result of contact with the subsea oil plume (Fisher, 2010g;
USDOI, BOEMRE, 2010j; White et al., 2012). See Chapter 4.2.1.10 for a detailed description of the
affected deepwater coral community.
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Water and sediment samples collected during and after the spill were analyzed as part of the OSAT
(2010) report. A handful of samples collected off the Gulf Coast did reveal some PAH as a result of the
DWH event; however, there were no exceedances of USEPA aquatic life benchmarks measured near
Pinnacle Trend features in either water or sediment (OSAT, 2010). There were 6 water samples out of
481 collected that exceeded USEPA’s chronic toxicity benchmarks for PAH in the offshore waters
(>3 nmi [3.5 mi; 5.6 km] offshore to the 200-m [656-ft] bathymetric contour), all of which occurred
within 1 m (3.3 ft) of the water surface (OSAT, 2010). There were 63 water samples out of
3,605 collected from deep water (>200 m; 656 ft) that exceeded USEPA’s aquatic life benchmarks for
PAH (OSAT, 2010). Exceedances occurred near the water surface or in the southwest traveling
deepwater plume within 70 km (43 mi) of the well. Oil detected in the subsurface plume was between
1,100 and 1,300 m (3,609 and 4,265 ft) and was moving southwest along those depth contours (OSAT,
2010), which is deeper than and in the opposite direction of the Pinnacle Trend features on the continental
shelf. The oil in the deepwater plume was carried by deepwater currents, which do not transit up onto the
continental shelf (Pond and Pickard, 1983; Inoue et al., 2008), protecting the Pinnacle Trend features. No
sediment samples collected offshore (>3 nmi [3.5 mi; 5.6 km] offshore to the 200-m [656-ft] depth
contour), and seven sediment samples collected in deep water (>200 m; 656 ft) exceeded USEPA’s
aquatic life benchmarks for PAH exposure (OSAT, 2010). All chronic aquatic life benchmark
exceedances in the sediment occurred within 3 km (2 mi) of the well, and samples fell to background
levels at a distance of 10 km (6 mi) from the well (OSAT, 2010). Dispersants were also detected in
waters off Louisiana, but they were below USEPA’s benchmarks of chronic toxicity. No dispersants
were detected in sediment on the Gulf floor (OSAT, 2010). The Pinnacle Trend features, therefore, are
not expected to be acutely impacted by PAH in the water column or sediment, as they are located much
farther from the well than measured benchmark exceedances. However, chronic impacts may have
occurred as a result of low-level or long-term exposure to dispersed, dissolved, or neutrally buoyant oil
droplets in the water column.

The Macondo oil weathered as it traveled to the sea surface, floated on the sea surface, and traveled in
the subsea plume, and it became depleted in lower molecular weight PAH’s (which are the most acutely
toxic components) (Brown et al., 2010; Eisler, 1987). The longer the oil spent in the water column or at
the sea surface, the more diluted and weathered it became (Lehr et al., 2010). Chronic impacts that may
result to species that came in contact with the diluted and weathered oil may include reduced recruitment
success, reduced growth, and reduced coral cover as a result of impaired recruitment (Kushmaro et al.,
1997; Loya, 1975 and 1976b; Rinkevich and Loya, 1977). These types of possible impacts may be
investigated in future studies if deemed necessary by NRDA.

Once more data are released, we will have a better understanding of the measured impacts and
possible long-term effects of this event. The implementation of the proposed Live Bottom (Pinnacle
Trend) Stipulation into lease sales, however, would serve to protect sensitive habitat from accidental
impacts from oil and gas production, such as oil spills, by distancing production from the protected
habitat. Details of how the proposed Live Bottom (Pinnacle Trend) Stipulation protects hard-bottom
features in the Gulf of Mexico from routine and accidental impacts of petroleum production are discussed
below.

Limited data are currently available on potential impacts of the DWH event on Pinnacle Trend
features in the CPA. This incomplete or unavailable information may be relevant to reasonably
foreseeable significant impacts to Pinnacle Trend features. The BOEM has determined that this
incomplete or unavailable information may be essential to a reasoned choice among alternatives.
Relevant data on the status of Pinnacle Trend features after the DWH event, however, may take years to
acquire and analyze. Much of this data is being developed through the NRDA process, which may take
years to complete. Little data from the NRDA process have been made available to date; therefore, it is
not possible for BOEM to obtain this information within the timeframe contemplated by this NEPA
analysis, regardless of the cost or resources needed. In the place of this incomplete or unavailable
information, BOEM subject-matter experts have used available scientifically credible evidence in this
analysis and applied it using accepted scientific methods and approaches.
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4.2.1.6.1.2. Impacts of Routine Events

Background/Introduction

The vast majority of the Gulf of Mexico seabed is comprised of soft sediments. Live-bottom
(Pinnacle Trend) features formed on hard-bottom substrate are interspersed along the continental shelf
above the soft sediment. These Pinnacle Trend features, which sustain sensitive offshore habitats in the
CPA, are listed and described in Chapter 4.2.1.6.1.1.

The routine activities associated with a proposed action that would impact Pinnacle Trend
communities in the CPA include anchoring, infrastructure and pipeline emplacement, infrastructure
removal, drilling discharges, and produced-water discharges. Seventy-four blocks are within the region
defined as the Pinnacle Trend, which contains live bottoms that may be sensitive to oil and gas activities
(Figure 4-42). These blocks are located in the northeastern portion of the CPA and are located in water
depths between 60 and 120 m (197 and 394 ft) in the Main Pass, Viosca Knoll, and Destin Dome lease
areas. Relevant leases in past sales have contained a Live Bottom (Pinnacle Trend) Stipulation to protect
such areas. The proposed Live Bottom (Pinnacle Trend) Stipulation is presented in Chapter 2.4.1.3.2 as
a potential mitigating measure for leases resulting from a CPA proposed action. The BOEM recommends
the implementation of the Live Bottom (Pinnacle Trend) Stipulation for a proposed action within 1 of the
74 OCS lease blocks that has Pinnacle Trend features. The stipulation is designed to prevent drilling
activities and anchor emplacement (the major potential impacting factors on these live bottoms resulting
from offshore oil and gas activities) from damaging the pinnacle features. Under the stipulation, both
exploration and development plans would be reviewed on a case-by-case basis to determine whether a
proposed operation could impact a pinnacle feature. If it is determined from site-specific information
derived from BOEM studies, published information from other research programs, geohazards survey
information, or another source, that the operation would impact a pinnacle feature, the operator may be
required to relocate the proposed operation. Clarification on how the proposed Live Bottom (Pinnacle
Trend) Stipulation applies to operators is detailed in this Agency’s NTL-2009-G39 (USDOI, MMS,
2009a).

Although the Live Bottom (Pinnacle Trend) Stipulation is regarded as a highly effective protection
measure, infrequent impacts are possible. Impacts may be caused by operator positioning errors or when
studies and/geohazards information are inaccurate or fail to note the presence of pinnacle features. One
such incident has been documented and is discussed in further detail below. While investigating sites of
previous oil and gas drilling activities, Shinn et al. (1993) documented that a lease operator had located an
exploratory well adjacent to a medium-relief pinnacle feature; the reason for this occurrence is still
undetermined. In spite of this documented instance, the stipulation is still considered effective since it
allows BOEM flexibility to request any surveys or monitoring information for the protection of these
sensitive areas. The impact analysis presented below is for routine activities associated with a CPA
proposed action and includes application of the proposed Live Bottom (Pinnacle Trend) Stipulation.

A number of OCS-related factors may cause adverse impacts on the live-bottom communities and
features. Damage caused by anchoring, infrastructure and pipeline emplacement, infrastructure removal,
blowouts, drilling discharges, produced-water discharges, and oil spills can cause the immediate mortality
of live-bottom organisms or the alteration of sediments to the point that recolonization of the affected
areas may be delayed or impossible. Accidental impacts from oil spills and blowouts are discussed in
Chapter 4.2.1.6.1.3.

Construction Impacts on Pinnacle Trend Features

Anchoring may damage lush biological communities or the structure of the live-bottom features
themselves, which attract fish and other mobile marine organisms. Anchor damage from support boats
and ships, floating drilling units, and pipeline-laying vessels greatly disturb areas of the seafloor and are
the greatest threats to live-bottom areas at these depths. The size of the affected area would depend on
water depth, anchor and chain sizes, chain length, method of placement, wind, and current. Anchor
damage may result in the crushing and breaking of hard bottoms and associated communities. It may also
result in community alteration through reduced or altered substrate cover, loss of sensitive species, and a
reduction in coral cover in heavily damaged areas (Dinsdale and Harriott, 2004). Anchoring often
destroys a wide swath of habitat by being dragged over the seafloor or by the vessel swinging at anchor,
causing the anchor chain to drag over the seafloor (Lissner et al., 1991). Damage to corals as a result of
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anchoring may take 10 or more years to recover, depending on the extent of the damage (Fucik et al.,
1984; Rogers and Garrison, 2001). Nearby species on these hard-bottom habitats that disperse larvae
short distances, such as solitary species (cup corals, octocorals, and hydrocorals) may recolonize areas
more rapidly than slow-growing colonial forms that disperse larvae great distances (Lissner et al., 1991).
Pinnacle features would be protected from possible anchor damage through lease stipulations, as
described in NTL 2009-G39. The proposed Live Bottom (Pinnacle Trend) Stipulation states that no
bottom-disturbing activities are permitted within 30 m (100 ft) of the hard-bottom feature. Therefore,
anchoring damage would only occur if the proposed stipulation is not followed.

The emplacement of infrastructure, including drilling rigs and platforms, on the seafloor would crush
the organisms directly beneath the legs or mat used to support the structure. Pipeline emplacement
directly affects the benthic communities by crushing them under the pipeline or trenching and burial of
the pipeline (in less than 60-m [200-ft] water depth) and the resultant resuspension of sediments. These
resuspended sediments may obstruct filter-feeding mechanisms and gills of fishes and sedentary
invertebrates. The areas affected by the placement of the platforms and rigs are predominantly soft-
bottom regions where the infaunal and epifaunal communities are not unique as are the hard-bottom
communities.

Infrastructure and pipeline emplacement could result in suspended sediment plumes and sediment
deposition on the seafloor. Considering the relatively elevated amounts of drilling muds and cuttings
discharged per well (approximately 2,000 metric tons [2,205 tons] for exploratory wells—900 metric tons
[992 tons] of drilling fluid and 1,100 metric tons [1,213 tons] of cuttings—and slightly lower discharges
for development wells) (Neff, 2005), potential impacts on biological resources of hard-bottom features
should be expressly considered if drill sites occur in blocks containing such features. Potential impacts
could be incurred through increased water-column turbidity, the smothering of sessile benthic
invertebrates, and local accumulations of contaminants.

Although the Live Bottom (Pinnacle Trend) Stipulation requires that no drilling be conducted within
30 m (98 ft) of pinnacles, some cuttings may reach the live-bottom features. Well cuttings that are
disposed of at the water’s surface tend to disperse in the water column and are distributed widely over a
large area at low concentrations (CSA, 2004b; NRC, 1983). The heaviest concentrations of well cuttings
and drilling fluids have been reported within 100 m (328 ft) of wells and are shown to decrease beyond
that distance (CSA, 2004b; Kennicutt et al., 1996). The thickness of the deposition, however, is the
potentially greater impacting factor for Pinnacle Trend features rather than the distance the cuttings are
dispersed from the well. The cuttings rarely accumulate thicknesses >1 m (3 ft) immediately adjacent to
the well; thicknesses are usually not higher than a few tens of centimeters (about 1 ft) in the GOM. They
are usually distributed unevenly in gradients and in patches, often dependent on prevailing currents (CSA,
2004b). A gradient of deposition is generally limited to about 250 m (820 ft) from the well site, but may
reach up to 500 m (1,640 ft) from the well, depending on prevailing currents and surrounding
environmental conditions (Kennicutt et al., 1996; CSA, 2004b). Cuttings that accumulate on the seafloor
should not completely cover organisms on pinnacles because the pinnacles have several meters relief
above the seafloor and because the organisms are adapted to high levels of sedimentation.

In order to protect Pinnacle Trend features, the relocation of operations to avoid live-bottom areas,
and monitoring to assess the impact of the activity may be required. These measures would limit or
prevent well drilling activities from occurring in sensitive live-bottom areas. Also, the USEPA general
NPDES permit sets special restrictions on discharge rates for muds and cuttings to protect biological
features. Chapters 3.1.1.4.1 and 4.2.1.2.2 detail the NPDES permit’s general restrictions and the
impacts of drilling muds and cuttings on offshore water quality and seafloor sediments. Due to the Live
Bottom (Pinnacle Trend) Stipulation and USEPA discharge regulations, turbidity and smothering impacts
of sessile invertebrates on hard-bottom features caused by drilling muds and cuttings are anticipated to be
minimized.

Drilling fluid adhering to cuttings forms plumes that are rapidly dispersed on the OCS.
Approximately 90 percent of the material discharged (cuttings and drilling fluid) settle rapidly to the
seafloor, while 10 percent forms a plume of fine mud that drifts in the water column (Neff, 2005).
Although drilling mud plumes may be visible 1 km (0.6 mi) from the discharge, rapid dilution of drilling
mud plumes was reported within 6 m (20 ft) from the release point (Shinn et al., 1980; Hudson et al.,
1982). Drilling muds and cuttings may be diluted 100 times at a distance of 10 m (33 ft) from the
discharge and 1,000 times at a distance of 100 m (328 ft) from the discharge (Neff, 2005). Dilution
continues with distance from the discharge point, and at 96 m (315 ft) from the release point, a plume was
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measured only a few milligrams/liter above background suspended sediment concentrations (Shinn et al.,
1980). With consideration that drilling is not allowed within 30 m (100 ft) of pinnacles and considering
that field measurements of suspended solids rapidly decline with distance from the source, turbidity
impacts to live-bottom communities should be minimized.

Drilling mud concentrations at 6 m (20 ft) from the discharge were often lower than those produced
during storms or from boat wakes, and at 96 m (315 ft) they were lower than suspended sediment
concentrations measured on a windy day in coral reefs off Florida and far below concentrations measured
to cause physiological impacts to corals (Shinn et al., 1980; Thompson et al., 1980; Szmant-Froelich
etal., 1981; Kendall et al., 1983). The toxic effects measured as a result of exposure to drilling mud are
not caused by turbidity alone, but also by the compounds in the drilling mud (Kendall et al., 1983).
Extrapolation of data collected from bioassays indicates the no-effect concentration of drilling mud to be
3.99 ppm, which is above the average concentration of drilling mud measured in the water column 96 m
(315 ft) from platforms (Kendall et al., 1983; Shinn et al., 1980). Based on those values, there should be
no effects from drilling mud 96 m (315 ft) from a platform and possible limited effects at 6 m (20 ft) from
the well.

It is not anticipated that muds drifting in the water column would exceed the natural turbidity levels in
the Pinnacle Trend areas. The Pinnacle Trend community exists in a relatively turbid environment,
starting just 65 km (40 mi) east of the mouth of the Mississippi River and trending to the northeast. The
organisms in this area are tolerant of turbid environments (Rogers, 1990; Gittings et al., 1992a) and
should not be impacted by the residual suspended sediment discharged during the drilling of a well.
Many of the organisms that predominate in these communities also grow tall enough to withstand the
sedimentation that results from their typical turbid environment or they have flexible structures that
enable the passive removal of sediments (Gittings et al., 1992a). Their structure would also enable them
to withstand the turbidity that may reach the live bottoms as a result of drilling of a well. Any mud that
may reach these organisms can be removed by tentacle motion and mucus secretion (Shinn et al., 1980;
Hudson and Robbin, 1980).

The resilience of some of the species found on pinnacle features was reported by Shinn et al. (1993).
An exploratory well site erroneously located immediately adjacent to a 4-5 m (13-16 ft) high pinnacle
feature, located at a water depth of 103 m (338 ft) was surveyed. Cuttings and drill debris were
documented within 6,070 m? (1.5 ac) surrounding the drill site. In spite of being inundated by drill muds
and cuttings 15 months prior to the investigation, the pinnacle feature was found to support a diverse
community, which included gorgonians, sponges, nonreef-building stony corals, a species of horn coral,
and abundant meter-long whip-like antipatharians characteristic of tropical hard-bottom communities in
water depths of 30 m (100 ft) or greater. Shinn et al. (1993) concluded the following: “Gorgonians,
antipatharians, crinoids, and non-reef-building corals attached to the pinnacle feature adjacent to the drill
site as well as nearby rock bottom did not appear to be affected.” Shinn et al. (1993) acknowledged that
their evaluation of the drill site was constrained both by the lack of baseline data on the live-bottom
community prior to inundation by drilling discharges and by the need for a study on long-term changes
(e.g., 10 years).

Recruitment studies conducted by Continental Shelf Associates (CSA) and Texas A&M University,
Geochemical and Environmental Research Group (GERG); Marine Resources Research Institute (MRRI);
and others suggest that recovery of hard-bottom communities following physical damage, such as from
the deposition of drilling discharges, will be slow (CSA and GERG, 2001; MRRI, 1984; Montagna and
Holmberg, 2000). Hard-bottom communities studied during the Mississippi/Alabama Pinnacle Trend
Ecosystem Monitoring Program exhibit a dynamic sedimentary environment with relatively little net
growth of the epibiota associated with the pinnacle features. Deeper habitats have slower rates of
settlement, growth, and community development, and recruitment rates are reportedly slow in the
pinnacle habitat (Montagna and Holmberg, 2000; CSA and GERG, 2001).

Epibiont recruitment showed relatively slow development of fouling community constituents on
recruitment plates. Early colonizers are opportunistic epifauna, such as hydroids, bryozoans, barnacles,
and bivalves that are tolerant of sediment loading (CSA and GERG, 2001; MRRI, 1984). Basically, only
the earliest successional stages were observed after 1 year (MRRI, 1984) and after 27 months of exposure
(CSA and GERG, 2001), and the epibiota typically associated with nearby hard-bottom features were rare
on the plates (CSA and GERG, 2001). No sponges or corals had settled after 1 year (MRRI, 1984).
Corals and sponges are known to display delayed recruitment and slow growth, and after 10 years, corals
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and anemones were sparse on artificial reef habitats and the community had still not reached “climax”
state (MRRI, 1984).

The MRRI has noted that it is not known whether the results of the recruitment studies would have
differed if the substrate had consisted of exposed patches of natural hard bottom; however, because
analysis of artificial reefs exposed for months to several years also indicates slow community
development, it can be anticipated that hard-bottom communities take a long time to recruit and develop
(MRRI, 1984). Although settling plates and artificial reefs may differ from natural reefs, they can help to
indicate recruitment time of a defaunated area (MRRI, 1984). This recruitment data indicates that, even
though one survey showed thriving hard-bottom communities adjacent to a well 15 months after the well
was drilled, drilling discharges are still considered to have a deleterious impact on the live-bottom
communities, and the Live Bottom (Pinnacle Trend) Stipulation would continue to be applied to minimize
the possibility of similar occurrences.

Long-Term and Operational Impacts on Pinnacle Trend Features

Drilling operations may impact live-bottom communities. Drilling operations in Puerto Rico have led
to reduced coral cover out to 65 m (213 ft) from the well, probably as a result of cutting deposition
(Hudson et al., 1982). Corals beyond this distance did not show reduced surface cover (Hudson et al.,
1982). Live bottoms of pinnacle features may experience some deposition of cuttings, especially if a well
is within a few hundred meters of a live bottom. Impacts as a result of cuttings disposal may reach
100-200 m (328-656 ft) from a well (Montagna and Harper, 1996; Kennicutt et al., 1996). The proposed
Live Bottom (Pinnacle Trend) Stipulation requires all bottom-disturbing activity to be at least 30 m
(100 ft) from the pinnacles. This distance is within the deposition zone measured as a result of drilling
operations in the Gulf of Mexico (Montagna and Harper, 1996; Kennicutt at al., 1996). If BOEM
determines that the proposed activity may adversely impact the feature, then the lessee may be required to
undertake protective measures (e.g., relocation of operations) or to monitor the potential impact. The
implementation of the Live Bottom (Pinnacle Trend) Stipulation is anticipated to reduce exposure
pathways of drilling activities to benthic organisms on live bottoms, eliminating long-term operational
impacts such as exposure to turbidity and sedimentation or associated contaminants.

Impacts resulting from exposure to contaminants may occur to live bottom organisms within
100-200 m (328-656 ft) of the well as a result of offshore oil and gas production (Montagna and Harper,
1996; Kennicutt et al., 1996; Hart et al., 1989; Kennicutt, 1995; CSA, 2004b). Sand content, metals,
barium, inorganic carbon, and petroleum products have all been reported to be elevated near platforms
(Kennicutt, 1995). Distribution of discharges tends to be patchy, have sharp gradients, and be directional
(Kennicutt, 1995). The greatest impacts occur in low-energy environments where depositions may
accumulate and not be redistributed (Neff, 2005; Kennicutt et al., 1996).

Elevated levels of barium, silver, cadmium, mercury, lead, and zinc were found out to 200 m (656 ft)
from platforms and are likely a product of drilling muds and cuttings (Kennicutt et al., 1996; Hart et al.,
1989; Chapman et al., 1991; CSA, 2004b). Metal concentrations in sediments near gas platforms
(approximately out to 100 m [328 ft]) have been reported above those that may cause deleterious
biological effects. Sublethal impacts to infauna have been reported out to 100 m (328 ft) from the
platform. The impacts included reduced abundances, reduced survival, increased reproductive effort
paired with reduced recruitment, and reduced genetic diversity (Montagna and Harper, 1996; Carr et al.,
1996; Montagna and Li, 1997; Kennicutt, 1995). The impacts are believed to be a result of metal toxicity
originating from drill cuttings during the installation of the well, which remain in the sediment (Montagna
and Harper, 1996; Carr et al.,, 1996). Similar impacts could be expected for Pinnacle-associated
organisms exposed to drill cuttings and muds.

Hydrocarbon enrichment has been reported within 25 m (82 ft) and out to 200 m (656 ft) of petroleum
platforms, and the concentrations decreased with distance from the platforms (Hart et al., 1989; Chapman
et al., 1991; Kennicutt, 1995; Kennicutt et al., 1996). The concentrations of PAH’s in the sediment
surrounding platforms, however, were below the biological thresholds for marine organisms and appeared
to have little effect on benthic organisms (Hart et al., 1989; McDonald et al., 1996; Kennicutt et al.,
1996). If any of the drill cuttings reach live-bottom features, impacts from metal or hydrocarbon
exposure may occur. Although the literature does not report the impacts to gorgonians or soft corals as a
result of exposure to contaminants in cuttings, infauna has shown effects including reduced fecundity,
altered populations, and acute toxicity (Montagna and Harper, 1996; Carr et al., 1996; Kennicutt et al.,
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1996; Hart et al., 1989; Chapman et al., 1991; CSA, 2004b). Impacts to benthos would be reduced with
distance from the discharge.

Produced waters are discharged at the water surface throughout the lifetime of the production
platform and may contain hydrocarbons, trace metals, elemental sulfur, and radionuclides (Kendall and
Rainey, 1991). Heavy metals enriched in the produced waters include cadmium, lead, iron, and barium
(Trefry et al., 1995). Produced waters may impact both organisms attached to the production platform
and benthic organisms in the sediment beneath the platform because the elements in the produced water
may remain in the water column or attach to particles and settle to the seafloor (Burns et al., 1999). A
detailed description of the impacts of produced waters on water quality and seafloor sediments is
presented in Chapter 4.2.1.2.

Produced waters are rapidly diluted and impacts are generally only observed within proximity of the
discharge point (Gittings et al., 1992a). Models have indicated that the vertical descent of a surface
originating plume should be limited to the upper 50 m (164 ft) of the water column and maximum
concentrations of surface plume water have been measured in the field between 8 and 12 m (26 and 39 ft)
(Ray, 1998; Smith et al., 1994). Plumes have been measured to dilute 100 times within 10 m (33 ft) of
the discharge and 1,000 times within 103 m (338 ft) of the discharge (Smith et al., 1994). Modeling
exercises showed hydrocarbons to dilute 8,000 times within 1 km (0.6 mi) of a platform and constituents
such as benzene and toluene to dilute 150,000 and 70,000 times, respectively, within that distance (Burns
etal., 1999).

The less soluble fractions of the constituents in produced water associate with suspended particles and
may sink (Burns et al., 1999). Particulate components were reported to fall out of suspension within
0.5-1 nmi from the source outfall (Burns et al., 1999). The particulate fraction disperses widely with
distance from the outfall and soluble components dissolve in the water column, leaving the larger, less
bioavailable compounds on the settling material (Burns et al., 1999). Due to the distance requirement for
production platforms from Pinnacle Trend features, dispersion of particles in the water column, and
currents around Pinnacle Trend features, the particulate constituents of produced waters should not impact
biological communities on these live bottoms (Burns et al., 1999).

Waterborne constituents of produced waters can influence biological activity at a greater distance
from the platform than particulate components can (Osenberg et al., 1992). The waterborne fractions
travel with currents; however, data suggest that these fractions remain in the surface layers of the water
column (Burns et al., 1999). Measurements of toluene, the most common dissolved hydrocarbon in
produced waters, revealed rapid dilution with concentrations between 1 and 10 nanograms/liter
(0.000001-0.00001 ppm) less than 2 km (1.2 mi) directly down current from the source and rapid
dispersion much closer to the source opposite the current (King and McAllister, 1998). Monitoring
studies of the Flower Garden Banks located less than 2 km (1.2 mi) from a production platform did not
indicate negative effects throughout the duration of the platform’s operation, most likely due to the
influence of currents (Gittings et al., 1992a). Many currents sweep around banks in the GOM instead of
over them, which would protect reef organisms from contact with a produced-water plume (King and
McAllister, 1998; Gittings et al., 1992a; Rezak et al., 1983; McGrail, 1982). A similar current action may
occur around Pinnacle features. Modeling data for a platform in Australia indicated the plume would
remain in the surface mixed layer (top 10 m; 33 ft) of the water column, which would further protect
Pinnacle Trend features from produced water traveling with currents because crests of the Pinnacle
features rise up to as much as 20 m (66 ft) from the seafloor, at water depths between 60 and 120 m (200
and 400 ft), placing them 40 m (130 ft) or more below the sea surface (Thompson et al., 1999; Schroeder,
2000; Burns et al., 1999).

Acute effects caused by produced waters are likely only to occur within the mixing zone around the
outfall (Holdway, 2002). Past evaluation of the bioaccumulation of offshore, produced-water discharges
conducted by the Offshore Operators Committee (Ray, 1998) assessed that metals discharged in produced
water would, at worst, affect living organisms found in the immediate vicinity of the discharge,
particularly those attached to the submerged portion of platforms. Possibly toxic concentrations of
produced water were reported 20 m (66 ft) from the discharge in both the sediment and the water column
where elevated levels of hydrocarbons, lead, and barium occurred, but no impacts to marine organisms or
sediment contamination were reported beyond 100 m (328 ft) of the discharge (Neff and Sauer, 1991;
Trefry et al.,, 1995). Another study in Australia reported that the average total concentration of
20 aromatic hydrocarbons measured in the water column 20 m (66 ft) from a discharge was <0.5 pg/L
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(0.0005 mg/L or 0.0005 ppm) due to the rapid dispersion of the produced-water plume (Terrens and Tait,
1996).

Compounds found in produced waters are not anticipated to bioaccumulate in marine organisms. A
study conducted on two species of mollusk and five species of fish (Ray, 1998) found that naturally
occurring radioactive material in produced water was not found to bioaccumulate in marine animals.
Metals including barium, cadmium, mercury, nickel, lead, and vanadium in the tissue of the clam, Chama
macerophylla, and the oyster, Crassostrea virginica, collected within 10 m (33 ft) of discharge pipes on
oil platforms were not statistically different from those located at reference stations (Trefry et al., 1995).
Because high-molecular weight PAH’s are usually in such dilute concentrations in produced water, they
pose little threat to marine organisms and their constituents, and they were not anticipated to biomagnify
in marine food webs. Monocyclic hydrocarbons and other miscellaneous organic chemicals are known to
be moderately toxic, but they do not bioaccumulate to high concentrations in marine organisms and are
not known to pose a risk to their consumers (Ray, 1998).

Chronic effects including decreased fecundity; altered larval development, viability, and settlement;
reduced recruitment; reduced growth; reduced photosynthesis by phytoplankton; reduced bacterial
growth; alteration of community composition; and bioaccumulation of contaminants were reported for
benthic organisms close to discharges and out to 1,000 m (3,281 ft) from the discharge (Holdway, 2002;
Burns et al., 1999). Effects were greater closer to the discharges and responses varied by species. High
concentrations of produced waters may have a chronic effect on corals. The Australian coral, Plesiastrea
versipora, when exposed to 25 percent and 50 percent produced water, had a significant decrease in
zooxanthellae photosynthesis and often bleached (Jones and Heyward, 2003). Experiments using water
accommodated fractions (WAF) of produced waters indicated that coral fertilization was reduced by
25 percent and metamorphosis was reduced by 98 percent at 0.0721 ppm total hydrocarbon (Negri and
Heyward, 2000). The WAF, however, is based on a closed experimental system in equilibrium and may
be artificially low for the Gulf of Mexico, which will not reach equilibrium with contaminants. The
experimental value can be considered a conservative approach that would overestimate impacts if the
entire Gulf were to come in equilibrium with oil inputs.

Produced waters may have some impact on live-bottom features, but the Live Bottom (Pinnacle
Trend) Stipulation should help to reduce these impacts. The greatest impacts are reported adjacent to the
discharge and out to 20 m (66 ft) from the discharge, but they are substantially reduced less than 100 m
(328 ft) from the discharge. Because no bottom-disturbing activities are permitted within 30 m (100 ft) of
the pinnacles, produced waters would not be discharged within 30 m (100 ft) of the pinnacles. Since
produced waters are rapidly dispersed, any elevated concentrations of compounds measured near outfalls
should not reach Pinnacle Trend features due to the high dilution rates of produced waters (King and
McAllister, 1998), influence of currents around features, and drilling distance required by the proposed
Live Bottom (Pinnacle Trend) Stipulation. Also, USEPA’s general NPDES permit restrictions on the
discharge of produced water, which require the effluent concentration 100 m (328 ft) from the outfall to
be less than the 7-day “no observable effect concentration” based on laboratory exposures, would help to
limit the impacts on biological resources of Pinnacle Trend features (Smith et al., 1994). Measurements
taken from a platform in the Gulf of Mexico showed discharge to be diluted below the “no observable
effect concentration” within 10 m (33 ft) of the discharge (Smith et al., 1994). Such low concentrations
would be even further diluted at greater distances from the well, limiting the impacts on biological
resources of live bottoms.

Structure-Removal Impacts on Pinnacle Trend Features

The impacts of structure removal on live-bottom benthic communities can include turbidity, sediment
deposition, explosive shock-wave impacts, and loss of habitat. Both explosive and nonexplosive removal
operations would disturb the seafloor by generating considerable turbidity that could impact surrounding
live-bottom environments. Suspended sediment may evoke physiological impacts in benthic organisms
including “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). The higher the concentration of suspended sediment in the water column
and the longer the sediment remains suspended, the greater the impact.
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Sediment deposition that occurs in ahermatypic (nonreef-building) coral communities may smother
benthic organisms, decreasing gas exchange, increasing exposure to anaerobic sediment, and causing
physical abrasion (Wilber et al., 2005). Corals may experience reduced coverage, changes in species
diversity and dominance patterns, alterations in growth rates and forms, decreased calcification, increased
production of mucus, lesions, reduced recruitment, and mortality (Torres et al., 2001; Telesnicki and
Goldberg, 1995). Coral larvae settlement may be inhibited in areas where sediment has covered available
substrate (Rogers, 1990; Goh and Lee, 2008).

Corals have some ability to rid themselves of sediment through mucus production and ciliary action
(Marszalek, 1981; Bak and Elgershuizen, 1976; Telesnicki and Goldberg, 1995). Octocorals and
gorgonians are more tolerant of sediment deposition than scleractinian corals, as they grow erect and are
flexible, reducing sediment accumulation and allowing easy removal (Marszalek, 1981; Torres et al.,
2001; Gittings et al., 1992a). Gorgonians, corals, and sponges on low-relief features have also been
reported to protrude above accumulated sediment layers, and it is hypothesized that these organisms can
resist burial by growing faster than the sediment accumulates over the hard substrate upon which they
settle (Lissner et al., 1991).

The shock waves produced by explosive structure removals may also harm benthic biota. However,
corals and other sessile invertebrates have a high resistance to shock. O’Keeffe and Young (1984)
described the impacts of underwater explosions on various forms of sea life using, for the most part,
open-water explosions much larger than those used in typical structure-removal operations. They found
that sessile benthic organisms, such as barnacles and oysters, and many motile forms of life, such as
shrimp and crabs, that do not possess swim bladders were remarkably resistant to shock waves generated
by underwater explosions. Oysters located 8 m (25 ft) away from the detonation of 135-kilogram (kg)
(298-pound [Ib]) charges in open water incurred a 5 percent mortality rate. Very few crabs died when
exposed to 14-kg (31-Ib) charges in open water 46 m (150 ft) away from the explosions. O’Keeffe and
Young (1984) also noted “. . . no damage to other invertebrates such as sea anemones, polychaete worms,
isopods, and amphipods.”

Benthic organisms appear to be further protected from the impacts of subbottom explosive
detonations by rapid attenuations of the underwater shock wave traversing the seabed away from the
structure being removed. The shock wave is significantly attenuated when explosives are buried as
opposed to detonation in the water column (Baxter et al., 1982). Theoretical predictions suggest that the
shock waves of explosives set 5 m (15 ft) below the seabed, as required by BSEE regulations, would
further attenuate blast effects (Wright and Hopky, 1998).

Charges used in OCS structure removals are typically much smaller than some of those cited by
O’Keeffe and Young. The Structure-Removal Operations on the Gulf of Mexico Outer Continental Shelf:
Programmatic Environmental Assessment (USDOI, MMS, 2005) predicts low impacts on the sensitive
offshore habitats from platform removal precisely because of the effectiveness of the proposed Live
Bottom (Pinnacle Trend) Stipulation in preventing platform emplacement in the most sensitive areas of
the GOM. Impacts on the biotic communities, other than those on or directly associated with the
platform, would be limited by the relatively small size of individual charges (normally 50 Ib [27 kg] or
less per well piling and per conductor jacket) and by the fact that charges are detonated 5 m (15 ft) below
the mudline and at least 0.9 seconds apart (timing needed to prevent shock waves from becoming
additive) (USDOI, MMS, 2005). Also, because the Live Bottom (Pinnacle Trend) Stipulation precludes
platform installation within 30 m (100 ft) of a pinnacle feature, adverse effects to live-bottom features
should be prevented.

Infrastructure or pipeline removal would impact the communities that have colonized the structures,
many of which may also be found on live-bottom features. Removal of the structure itself would result in
the removal of the hard substrate and the associated encrusting community. The overall community
would experience a reduction in species diversity (both epifaunal encrusting organisms and the fish and
large invertebrates that fed on them) with the removal of the structure (Schroeder and Love, 2004). The
epifaunal organisms attached to the platform would die once the platform is removed. However, the
seafloor habitat would return to the original soft-bottom substrate that existed before the well was drilled.

Some structures may be converted to artificial reefs. If the rig stays in place, the hard substrate and
encrusting communities would remain part of the benthic habitat. The diversity of the community would
not change and associated finfish species would continue to graze on the encrusting organisms. The
community would remain an active artificial reef. However, plugging of wells and other reef-in-place
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decommissioning activities would still impact benthic communities as discussed above, since all the steps
for removal except final removal from the water would still occur.

Proposed Action Analysis

The pinnacles in the CPA are located in the Main Pass, Viosca Knoll, and Destin Dome lease areas
off Mississippi and Alabama within offshore Subareas between the coastline and 60 m (197 ft) of water
(C0-60) (east of the Mississippi River Delta) and between 60 m and 200 m (197 and 656 ft) of water
(C60-200). Table 3-3 provides information regarding the level of proposed-action-related activities. For
a CPA proposed action, 62-121 exploration/delineation wells, 78-152 development wells, and
28-54 production structures are projected for offshore Subareas C0-60. There are 24-46 exploration/
delineation wells, 32-58 development wells, and 3-6 production structures projected for offshore Subareas
C60-200. It is unlikely that many of the wells or production structures would be located in the Pinnacle
Trend area because pinnacle blocks make up only 2 percent of the blocks in Subarea C0-60 (eastern) and
6 percent of the blocks in Subarea C60-200. If the Live Bottom (Pinnacle Trend) Stipulation is
implemented, incidences of anchor damage from support vessels to pinnacle features would be avoided.
Furthermore, as noted above, any platforms in this region would be placed so as to avoid pinnacle
features for safety reasons as well as environmental protection. Thus, anchoring events are not expected
to impact the resource. Anchor impacts, however, could occur by mistake, with recovery taking a few to
many years, depending on the severity of the impact (Fucik et al., 1984; Rogers and Garrison, 2001;
Lissner et al., 1991).

Pipeline emplacement also has the potential to cause considerable disruption to the bottom sediments
in the vicinity of the live bottoms (Chapter 3.1.1.8.1); however, the implementation of the proposed Live
Bottom (Pinnacle Trend) Stipulation, or a similar protective measure, would restrict pipeline-laying
activities as well as oil and gas activities in the vicinity of the pinnacle communities. Data gathered for
the Mississippi-Alabama Continental Shelf Ecosystem Study (Brooks, 1991) and the Mississippi/Pinnacle
Trend Ecosystem Monitoring, Final Synthesis Report (CSA and GERG, 2001) document dense biological
communities (i.e., live-bottom communities, fish habitat, etc.) on the high- and medium-relief pinnacle
features themselves and the live-bottom organisms more sparsely distributed in unconsolidated bottom
sediments surrounding the pinnacles. The actual effect of pipeline-laying activities on the biota of the
pinnacle communities would be restricted to the resuspension of sediments. Burial of pipelines is only
required in water depths of 60 m (200 ft) or less. Therefore, only the shallowest live-bottom communities
would be affected by the increased turbidity associated with pipeline burial. The laying of pipeline
without burial produces much less resuspension of sediments. The enforcement of the Live Bottom
(Pinnacle Trend) Stipulation would help to minimize the impacts of pipeline-laying activities throughout
the pinnacle region.

Effects of the Proposed Action without the Proposed Stipulation

The Pinnacle Trend features and associated biota of the CPA could be adversely impacted by oil and
gas activities resulting from a CPA proposed action in the absence of the proposed Live Bottom (Pinnacle
Trend) Stipulation (Chapter 2.4.1.3.2). This would be particularly true should operations occur directly
on top of or in the immediate vicinity of otherwise protected CPA Pinnacle Trend features. These
impacting activities could include vessel anchoring and infrastructure emplacement; discharges of drilling
muds, cuttings, and produced water; and ultimately the explosive removal of structures. All the above-
listed activities have the potential to considerably alter the diversity, cover, and long-term viability of the
biota found within the Pinnacle Trend. This may, in turn, reduce the habitat or shelter areas occupied by
commercial and recreational fishes. Those areas actually subjected to mechanical disruption would be
severely impacted.

Recovery from such disturbances could take 10 years or more in these deep environments (MRRI,
1984). Long-lasting and possibly irreversible change would be caused mainly by vessel anchoring and
structure emplacement (pipelines, drill rigs, and platforms). Such activities would physically and
mechanically alter benthic substrates and their associated biota. Construction discharges would cause
substantial and prolonged turbidity and sedimentation, greater than natural conditions, possibly impeding
the well-being and permanence of the biota and interfering with larval settlement, resulting in the
decrease of live benthic cover. Finally, the unrestricted use of explosives to remove platforms installed in
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the vicinity of or on the Pinnacle Trend features could cause turbidity, sedimentation, and shock-wave
impacts that would affect benthic biota.

Summary and Conclusion

Oil and gas operations discharge drilling muds and cuttings that generate turbidity, potentially
smothering benthos near the drill sites. Deposition of drilling muds and cuttings in the Pinnacle Trend
area would not greatly impact the biota of the live bottoms because the biota surrounding the pinnacle
features are adapted to turbid (nepheloid) conditions and high sedimentation rates associated with the
outflow of the Mississippi River (Gittings et al., 1992a). The pinnacles themselves are coated with a
veneer of sediment. Regional surface currents and water depth would largely dilute any effluent.
Additional deposition and turbidity caused by a nearby well are not expected to adversely affect the
pinnacle environment because such drilling muds and cuttings would be dispersed upon discharge. Mud
contaminants measured in the Pinnacle Trend region reached background levels within 1,500 m (4,921 ft)
of the discharge point (Shinn et al., 1993). Toxic impacts on benthos are limited to within 100-200 m
(328-656 ft) of a well (Montagna and Harper, 1996; Kennicutt et al., 1996), and NPDES permit
requirements limit discharge. The drilling of a well from a WPA proposed action, therefore, could have
localized impacts on the benthos nearby the well; however, impacts would be reduced with distance from
the well.

The toxicity of the produced waters has the potential to adversely impact the live-bottom organisms
of the Pinnacle Trend; however, as previously stated, the proposed Live Bottom (Pinnacle Trend)
Stipulation would prevent the placement of oil and gas facilities upon (and consequently would prevent
the discharge of produced water directly over) the Pinnacle Trend live-bottom areas. Produced waters
also rapidly disperse and remain in the surface layers of the water column, far above the peaks of
Pinnacles.

Platform removals have the potential to impact nearby habitats. As previously discussed, the
platforms are unlikely to be constructed directly on the pinnacles or low-relief areas because of the
restraints placed by the Live Bottom (Pinnacle Trend) Stipulation, distancing blasts from sensitive
habitats. Benthic organisms on live bottoms should also experience limited impact because they are
resistant to blasts, tolerant of turbidity, can physically remove some suspended sediment, and may be
located above or be tall enough to withstand limited sediment deposition. Live bottoms, however, may be
impacted by heavy sediment deposition layers. The implementation of the Live Bottom (Pinnacle Trend)
Stipulation would help to prevent such a smothering event. The proposed Live Bottom (Pinnacle Trend)
Stipulation could prevent most of the potential impacts on live bottoms from bottom-disturbing activities
(structure emplacement and removal) and operational discharges associated with a CPA proposed action.
Any contaminants that reach live-bottom features would be diluted from their original concentration, so
impacts that do occur should be sublethal.

4.2.1.6.1.3. Impacts of Accidental Events

Background/Introduction

The Pinnacle Trend features of the CPA that sustain sensitive offshore habitats are listed and
described in Chapter 4.2.1.6.1.1. Chapter 2.4.1.3.2 contains a complete description and discussion of
the proposed Live Bottom (Pinnacle Trend) Stipulation. Accidental disturbances resulting from a CPA
proposed action, including oil spills and blowouts, have the potential to disrupt and alter the
environmental, commercial, recreational, and aesthetic values of live-bottom features of the CPA. A
catastrophic events analysis is provided in Appendix B; nevertheless, the type and kind of expected
impacts to Pinnacle Trend features from a catastrophic event would be similar to those described below as
impacts from accidental events.

A Live Bottom (Pinnacle Trend) Stipulation similar to the one described in Chapter 2.4.1.3.2 has
been included in appropriate leases since 1973 and may, at the option of the ASLM, be made a part of
appropriate leases resulting from a CPA proposed action. Although the lease stipulation was created to
protect live-bottom features from routine impacts of drilling and production, it also protects the features
from accidental impacts by distancing wells from them. The impact analysis of accidental events
associated with a CPA proposed action presented here includes the proposed Live Bottom (Pinnacle
Trend) Stipulation. As noted in Chapter 2.4.1.3.2, the proposed stipulation establishes that no bottom-
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disturbing activities may occur within 30 m (100 ft) of any hard bottoms/Pinnacles that have a vertical
relief of 8 ft (2 m) or more, which distances these features from possible accidental impacts that could
occur. Clarification on how the proposed Live Bottom (Pinnacle Trend) Stipulation applies to operators
is detailed in this Agency’s NTL-2009-G39 (USDOI, MMS, 2009a).

Possible Modes of Exposure

Oil released to the environment as a result of an accidental event may impact live-bottom features in
several ways. Oil may be physically mixed into the water column from the sea surface, be injected below
the sea surface and travel with currents, be dispersed in the water column, or adhere to particles and sink
to the seafloor. These scenarios and their possible impacts are discussed in the following sections.

An oil spill that occurs at the sea surface would result in a majority of the oil remaining at the sea
surface. Lighter compounds in the oil would evaporate, and some components of the oil may dissolve in
the seawater. Evaporation removes the most toxic components of the oil, while dissolution may allow
bioavailability of hydrocarbons to marine organisms for a brief period of time (Lewis and Aurand, 1997).
The oil may also emulsify with water or sediment to particles and fall to the seafloor.

A spill that occurs below the sea surface (at the rig, along the riser between the seafloor and sea
surface, or through leak paths on the BOP/wellhead) would result in only a portion of the released oil
rising to the sea surface. All known reserves in the Gulf of Mexico have specific gravity characteristics
that would preclude oil from sinking immediately after release at a blowout site. As discussed in
Chapter 3.2.1.5.4, oil discharges that occur at the seafloor from a pipeline or loss of well control would
rise in the water column, surfacing almost directly over the source location, thus not impacting sensitive
benthic communities. If the leak is deep in the water column and the oil is ejected under pressure, oil
droplets may become entrained deep in the water column (Boehm and Fiest, 1982). The upward
movement of the oil may be reduced if methane in the oil is dissolved into the water column at the high
underwater pressures, reducing the oil’s buoyancy (Adcroft et al., 2010). Large oil droplets would rise to
the sea surface, but the smaller droplets, formed by vigorous turbulence in the plume or the injection of
dispersants, may remain neutrally buoyant in the water column, creating a subsurface plume (Adcroft
et al., 2010). Oil droplets <100 um (0.004 in) in diameter may remain in the water column for several
months (Joint Analysis Group, 2010a).

Impacts that may occur to benthic communities on live-bottom features as a result of a spill would
depend on the type of spill, distance from the spill, relief of the biological feature, and surrounding
physical characteristics of the environment (e.g., turbidity). The Live Bottom (Pinnacle Trend)
Stipulation requires a 30-m (100-ft) buffer around hard bottoms or pinnacle features to prevent impacts to
the seafloor features and associated biota. This Agency created the stipulation to protect hard-bottom
habitats from disruption due to oil and gas activities. However, oil released during accidental events may
possibly reach live-bottom features. As described above, a majority of the oil released from a spill would
be expected to rise to the sea surface, therefore reducing the impact to benthic communities by direct oil
exposure. However, small droplets of oil that are entrained in the water column may migrate into live-
bottom habitat. Although these small oil droplets would not sink themselves, they may also attach to
suspended particles in the water column and then be deposited on the seafloor (McAuliffe et al., 1975).
Exposure to subsea plumes, dispersed oil, or sedimented oil may result in long-term impacts such as
reduced recruitment success, reduced growth, and reduced coral cover as a result of impaired recruitment.
These impacts are discussed in the following sections.

Surface Slicks and Physical Mixing

Surface oil slicks can spread over a large area; however, the majority of the slick is comprised of a
very thin surface layer of oil moved by winds and currents (Lewis and Aurand, 1997). Oil spills have the
potential to foul benthic communities and cause lethal or sublethal effects to organisms that the oil
contacts as it is moved over the sea surface. Pinnacles are features that rise up to as much as 20 m (66 ft)
from the seafloor, at water depths between 60 and 120 m (200 and 400 ft) (Thompson et al., 1999;
Schroeder, 2000). Pinnacles, therefore, are 40 m (130 ft) or more below the sea surface. The depth of
live-bottom features below the sea surface helps protect benthic species from physical oil contact.

Field data collected at the Atlantic entrance to the Panama Canal 2 months after a tanker spill has
shown that subtidal coral did not show measurable impacts to the oil spill, presumably because the coral
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was far enough below the surface oil and the oil did not contact the coral (Ritzler and Sterrer, 1970). A
similar result was reported from a Florida coral reef immediately following and 6 months after a tanker
discharged oil nearby (Chan, 1977). The lack of acute toxicity was again attributed to the fact that the
corals were completely submerged at the time of the spill, and calm conditions prevented the oil from
mixing into the water column (Chan, 1977).

Disturbance of the sea surface by storms can mix surface oil into the water column, but the effects are
generally limited to the upper 10 m (33 ft). Modeling exercises have indicated that oil may reach a depth
of 20 m (66 ft). Yet at this depth, the spilled oil would be at concentrations several orders of magnitude
lower than the amount shown to have an effect on marine organisms (Lange, 1985; McAuliffe et al., 1975
and 1981a; Tkalich and Chan, 2002). Therefore, the depth of live-bottom features below the sea surface
should protect them from physical mixing of surface oil below the sea surface. However, if dispersants
are used, they would enable oil to mix into the water column and possibly impact organisms on the live-
bottom features. Dispersants are discussed later in this section.

Subsurface Plumes

A subsurface oil spill or plume could reach a live-bottom feature and would have the potential to
damage the local biota contacted by oil. Such impacts on the biota may have severe and long-lasting
consequences, including loss of habitat, biodiversity, and live coverage; change in community structure;
and failed reproductive success.

Pinnacle features are protected from direct petroleum-producing impacts through stipulations written
into lease sales, which distance these activities from Pinnacle features by creating a 30-m (100-ft) buffer
around the features as described in NTL 2009-G39 (USDOI, MMS, 2009a). The distancing of petroleum-
producing activities from live-bottom features allows for several physical and biological changes to occur
to the oil before it reaches sensitive benthic organisms. Qil would become diluted as it physically mixes
with the surrounding water. The longer and farther a subsea plume travels in the sea, the more dilute the
oil will be (Vandermeulen, 1982; Tkalich and Chan, 2002). In addition, microbial degradation of the oil
occurs in the water column, reducing toxicity (Hazen et al., 2010; McAuliffe et al., 1981b). The oil will
move in the direction of prevailing currents (S.L. Ross Environmental Research Ltd., 1997); however,
data has indicated that currents move around large topographic features (Rezak et al. , 1983; McGrail,
1982) and such movement would physically protect larger pinnacles and hard-bottom features by
deflecting the subsea oil around the features rather than over them. Lower relief features, however, may
not experience such diversion of currents. Subsea oil plumes transported by currents also may not travel
nearly as far as surface oil slicks because some oil droplets may conglomerate and rise or may be blocked
by fronts, as was observed in the southern Gulf of Mexico during the Ixtoc spill (Boehm and Fiest, 1982).
Should any of the oil come in contact with adult sessile biota, effects would be primarily sublethal, as the
oil may be diluted by physical and biological processes by the time it reaches the features. Low-level
exposure impacts may vary from chronic to temporary, or even immeasurable.

Although the Live Bottom (Pinnacle Trend) Stipulation protects benthic organisms from petroleum-
producing activity, it is possible that low levels of oil transported in subsea plumes may reach benthic
features. Several studies have reported results for oil impacts on both hermatypic (reef-building) and
ahermatypic (nonreef-building) corals, although ahermatypic corals are those that are found on Pinnacle
features. Although not all of the same species studied are present in the Pinnacle Trend, impacts are
expected to be similar. For example, coral feeding activity may be reduced if it is exposed to low levels
of oil. Experiments indicated that normal feeding activity of Porites porites and Madracis asperula were
reduced when exposed to 50 ppm oil (Lewis, 1971). Tentacle pulsation of an octocoral, Heteroxenia
fuscescens, has also been shown to decrease upon oil exposure, although recovery of normal pulsation
was observed 96 hours after the coral was removed from the oil (Cohen et al., 1977). Porites furcata
exposed to Marine Diesel and Bunker C oil reduced feeding and left their mouths open for much longer
than normal (Reimer, 1975).

Direct oil contact may result in coral tissue damage. Corals exposed to sublethal concentrations of oil
for 3 months revealed atrophy of muscle bundles and mucus cells (Peters et al., 1981). Porites furcata
submersed in Bunker C oil for 1 minute resulted in 100 percent tissue death, although the effect took
114 days to occur (Reimer, 1975).

Reproductive ability may also be reduced if coral is exposed to oil. A hermatypic coral, Stylophora
pistillata, and an octocoral, Heteroxenia fuscescens, neither of which are present in the Gulf of Mexico,
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but may show impacts similar to those that could occur in the Gulf, shed their larvae when exposed to oil
(Loya and Rinkevich, 1979; Rinkevich and Loya, 1977; Cohen et al., 1977). Undeveloped larvae in the
water column have a reduced chance of survival due to predation and oil exposure (Loya and Rinkevich,
1979), which would in turn reduce the ability of larval settlement and reef expansion or recovery. A
similar expulsion of gametes may occur in species that have external fertilization (Loya and Rinkevich,
1979), such as those at the Flower Garden Banks (Gittings et al., 1992c), which may then reduce gamete
survivorship due to oil exposure.

The overall ability of a coral colony to reproduce may be affected by oil exposure. Reefs of
Siderastrea siderea that were oiled in a spill produced smaller gonads than unoiled reefs, which resulted
in reproductive stress for the oiled reef (Guzman and Holst, 1993). Stylophora pistillata reefs exposed to
oil had fewer breeding colonies, reduced number of ovaria per polyp, and significantly reduced fecundity
compared with unoiled reefs (Rinkevich and Loya, 1977). Impaired development of reproductive tissue
has also been reported for other reef-building corals exposed to sublethal concentrations of oil (Peters et
al., 1981). Larvae may not be able to settle on substrate impacted by oil. Field experiments on
Stylophora pistillata showed reduced settlement rate of larvae on artificial substrates of oiled reefs
compared with control reefs and lower settlement rates, with increasing concentrations of oil in test
containers (Rinkevich and Loya, 1977). Impaired larval settlement as a result of oiled substrate may lead
to slow recovery of a disturbed substrate (CSA and GERG, 2001; MRRI, 1984; Montagna and Holmberg,
2000). Additionally, deeper habitats have slower rates of settlement, growth, and community
development, and recruitment rates are reportedly slow in the Pinnacle habitat (Montagna and Holmberg,
2000; CSA and GERG, 2001). It is possible that corals may not recruit to an oiled substrate for 10 years
(MRRI, 1984).

Corals exposed to subsea oil plumes may also incorporate petroleum hydrocarbons into their tissue.
Records indicate that Siderastrea siderea, Diploria strigosa, Montastrea annularis, and Heteroxenia
fuscescens have accumulated oil from the water column and have incorporated petroleum hydrocarbons
into their tissues (Burns and Knap, 1989; Knap et al., 1982; Kennedy et al., 1992; Cohen et al., 1977).
Most of the petroleum hydrocarbons were incorporated into the coral tissues, not their mucus (Knap et al.,
1982). However, hydrocarbon uptake may also modify lipid ratios of coral (Burns and Knap, 1989). If
lipid ratios are modified, mucus synthesis may be impacted, adversely affecting coral ability to protect
itself from oil through mucus production (Burns and Knap, 1989). While these species are not present in
the Pinnacle Trend area, similar effects may occur in Pinnacle-associated species.

Sublethal effects, although often hard to measure, could be long lasting and affect the resilience of
coral colonies to natural disturbances (e.g., elevated water temperature and diseases) (Jackson et al., 1989;
Loya, 1976a). Continued exposure to oil from resuspended contaminated sediments could also impact
coral growth and recovery (Guzman et al., 1994). Any repetitive or long-term oil exposure could inhibit
coral larvae’s ability to settle and grow, may damage coral reproductive systems, may cause acute toxicity
to larvae, and may physically alter the reef, interfering with larval settlement, all of which would reduce
coral recruitment to an impacted area (Kushmaro et al., 1997; Loya, 1975 and 1976a; Rinkevich and
Loya, 1977). Exposure of eggs and larvae to oil in the water column may reduce the success of a
spawning event (Peters et al., 1997). Although the impacts of exposure to sublethal concentrations of oil
do not result in the acute toxicity that high concentrations may cause, sublethal exposure to oil may be
detrimental to corals, as sublethal concentrations are typically widespread and have an overall community
effect (Cohen et al., 1977). Therefore, the sublethal effects of oil exposure, even at very low
concentrations, may result in compounded community impacts that have long-lasting effects.

Dispersed Oil

Chemically dispersed oil from a surface slick is not anticipated to result in lethal exposures to
organisms on live-bottom features. The chemical dispersion of oil promotes the weathering process and
increases the surface area available for bacterial biodegradation. It also allows surface oil to penetrate to
greater depths than physical mixing would permit, and the dispersed oil will generally remain below the
water’s surface (McAuliffe et al., 1981b; Lewis and Aurand, 1997). However, reports on 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, with 60 percent of the oil in the top 2 m (6 ft) (McAuliffe et al., 1981a). Dispersant usage
also reduces the oil’s ability to stick to particles in the water column, minimizing sedimented oil traveling
to the seafloor (McAuliffe et al., 1981a; Lewis and Aurand, 1997).
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Field experiments designed to test dispersant use on oil spills reported dispersed oil concentrations
between 1 and 3 ppm, 9 m (30 ft) below the sea surface, approximately 1 hour after treatment with
dispersant (McAuliffe et al., 1981a and 1981b). Other studies indicated that dispersed oil concentrations
were <1 ppm, 10 m (33 ft) below the sea surface (Lewis and Aurand, 1997). The biological impacts that
may occur from dispersant usage are greatest within the first hour of application and occur primarily to
organisms living near the water’s surface (Guillen et al., 1999). The above data indicate that the mixing
depth of dispersed oil is less than the depths of the crests of Pinnacle Trend features (40 m [130 ft] or
more below the sea surface), greatly reducing the possibility of exposure to dispersed surface oil.

Any dispersed surface oil that may reach the benthic communities of live-bottom features in the Gulf
of Mexico would be expected to be at very low concentrations (<1 ppm) (McAuliffe et al., 1981a). Such
concentrations would not be life threatening to larval or adult stages based on experiments conducted with
coral (Lewis, 1971; Elgershuizen and De Kruijf, 1976; Knap, 1987; Wyers et al., 1986; Cohen et al.,
1977) and observations after oil spills (Jackson et al., 1989; Guzméan et al., 1991). Any dispersed oil in
the water column that comes in contact with corals, however, may evoke short-term negative responses
by the organisms, such as reduced feeding or altered behavior (Wyers et al., 1986; Cook and Knap, 1983;
Dodge et al., 1984).

Dispersants that are used on oil below the sea surface can travel with currents through the water and
may contact benthic organisms on the live-bottom features. If the oil spill occurs near a live-bottom
feature, the dispersed oil could be concentrated enough to harm the community. However, the longer the
oil remains suspended in the water column traveling with currents, the more dispersed it would become.
Weathering will also be accelerated and biological toxicity reduced (McAuliffe et al., 1981b). Although
the use of subsea dispersants is a new technique and very little data are available on dispersion rates, it is
anticipated that any oil that could reach live-bottom features on the continental shelf will be in low
concentration based on surface slick dilution data (McAuliffe et al., 1981a; Lewis and Aurand, 1997). It
is also anticipated that currents around the larger live-bottom features will sweep the subsea oil clear
around the features (Rezak et al., 1983). Therefore, impacts resulting from exposure to dispersed oil are
anticipated to be sublethal.

The report of damage to deepwater corals on the continental slope (USDOI, BOEMRE, 2010j) as a
result of exposure to oil from the DWH may have resulted from the use of subsea dispersant at the source
of the blowout. This situation was the first time subsea dispersants were used, and stratified density
layers of water allowed the oil plume to remain at depth instead of dispersing into the water column (Joint
Analysis Group, 2010a). It appears that density-bounded plumes eventually contacted the coral
community. The decision to use dispersants is carefully weighed against the surrounding environment
and anticipated environmental impacts, and the use of dispersants may not occur near protected habitats.
For example, NOAA policy says that the application of dispersants must occur as far as possible from the
Flower Garden Banks (Gittings, 2006). There is, however, no written policy for the application of
dispersants near Pinnacle Trend features. The use of dispersants near protected features is left to the
discretion of the Federal On-Scene Coordinator on a case-by-case basis.

Sublethal impacts that may occur to coral and other invertebrates exposed to dispersed oil may
include reduced feeding, reduced reproduction and growth, physical tissue damage, and altered behavior.
Short-term, sublethal responses of Diploria strigosa were reported after exposure to dispersed oil at a
concentration of 20 ppm for 24 hours (Knap et al., 1983; Wyers et al., 1986). Although concentrations in
this experiment were higher than what is anticipated for dispersed oil at depth, effects included
mesenterial filament extrusion, extreme tissue contraction, tentacle retraction, localized tissue rupture
(Wyers et al., 1986), and a decline in tentacle expansion behavior (Knap et al., 1983). Normal behavior
resumed within 2 hours to 7 days after exposure (Wyers et al., 1986; Knap et al., 1983). This coral,
however, did not show indications of stress when exposed to 1 ppm and 5 ppm of dispersed oil for 24
hours (Wyers et al., 1986). Investigations 1 year after Diploria strigosa was exposed to concentrations of
dispersed oil between 1 and 50 ppm for periods between 6 and 24 hours did not reveal any impacts to
growth (Dodge et al., 1984; Knap et al., 1983). It should be noted, however, that subtle growth effects
may have occurred, but they were not measurable (Knap et al., 1983). This type of short-term exposure is
what is anticipated to be possible if Pinnacle-associated organisms experience impacts from dispersed oil.

Historical studies indicated that dispersed oil in direct contact with organisms appeared to be more
toxic to coral species than oil or dispersant alone. The greater toxicity may be a result of an increased
number of oil droplets, resulting in greater contact area between oil and water (Elgershuizen and
De Kruijf, 1976). The dispersant causes a higher water soluble fraction of oil contacting the cell
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membranes of the coral (Elgershuizen and De Kruijf, 1976). The mucus produced by coral, however, can
protect an organism from oil. Both hard and soft corals have the ability to produce mucus; mucus
production has been shown to increase when corals are exposed to crude oil (Mitchell and Chet, 1975;
Ducklow and Mitchell, 1979). Dispersed oil, which has very small oil droplets, does not appear to adhere
to coral mucus, and larger untreated oil droplets may become trapped by the mucus barrier (Knap, 1987;
Whyers et al., 1986). However, entrapment of the larger oil droplets may increase long-term exposure to
oil if the mucus is not shed in a timely manner (Knap, 1987; Bak and Elgershuizen, 1976).

More recent field studies did not reveal as great an impact of dispersants on corals as were indicated
in historical toxicity tests (Yender and Michel, 2010). This difference in reported damage probably
resulted from a more realistic application of dispersants in an open field system and because newer
dispersants are less toxic than the older ones (Yender and Michel, 2010). Field studies have shown oil to
be dispersed to the part per billion level minutes to hours after the dispersant application, which is orders
of magnitude below the reasonable effects threshold of oil in the water column (20 ppm) measured in
some studies (McAuliffe, 1987; Shigenaka, 2001).

Although dispersed oil may be more toxic than untreated oil to corals during some exposure
experiments (Shafir et al., 2007; Wyers et al., 1986; Cook and Knap, 1983), untreated oil may remain in
the ecosystem for long periods of time, while dispersed oil does not (Baca et al., 2005; Ward et al., 2003).
Twenty years after an experimental oil spill in Panama, oil and impacts from untreated oil were still
observed at oil treatment sites, but no oil or impacts were observed at dispersed oil or reference sites
(Baca et al., 2005). Long-term recovery of the coral at the dispersed oil site had already occurred as
reported in a 10-year monitoring update, and the site was not significantly different from the reference
site (Ward et al., 2003).

The time of year and surrounding ecosystem must be considered when determining if dispersants
should be used. Dispersant usage may result in reduced or shorter term impacts to coral reefs; however, it
may increase the impacts to other communities, such as mangroves (Ward et al., 2003). Therefore,
dispersant usage may be more applicable offshore than in coastal areas where other species may be
impacted as well. For example, the Flower Gardens Qil Spill Mitigation Workgroup discourages the use
of dispersants near the Flower Garden Banks, especially from May to September when coral is spawning
(Guillen et al., 1999). Mechanical oil cleanup is suggested during this time of year because coral larvae is
sensitive to dispersants and the sea state is calm, allowing for mechanical removal (Guillen et al., 1999).
A similar consideration might be made near the Pinnacles, but the use of dispersants near protected
features is left to the discretion of the Federal On-Scene Coordinator on a case-by-case basis.

Sedimented Oil (Oil Adsorbed to Sediment Particles)

Smaller suspended oil droplets could be carried to the seafloor as a result of oil droplets adhering to
suspended particles in the water column. Smaller particles have a greater affinity for oil (Lewis and
Aurand, 1997). Oil may also reach the seafloor through consumption by plankton with excretion
distributed over the seafloor (ITOPF, 2002). Oiled sediment that settles to the seafloor may affect
organisms attached to live-bottom features. It is anticipated that the greatest amount of sedimented oil
would occur close to the spill, with lesser concentrations farther from the source. Studies after a spill that
occurred at the Chevron Main Pass Block 41C Platform in the northern Gulf of Mexico revealed that the
highest concentrations of oil in the sediment were close to the platform and the oil settled to the seafloor
within 5-10 mi (8-16 km) of the spill site (McAuliffe et al., 1975). Therefore, if the spill occurs close to a
live-bottom feature, the underlying benthic communities may be exposed to toxic hydrocarbons.
However, because of the Live Bottom (Pinnacle Trend) Stipulation, which implements a 30-m (100-ft)
buffer zone around Pinnacle features, these hard-bottom communities should be distanced from the
heaviest oiled sedimentation effects.

Some oiled particles may become widely dispersed as they travel with currents while they settle out
of suspension. Settling rates are determined by size and weight of the particle, salinity, and turbulent
mixing in the area (Poirier and Thiel, 1941; Bassin and Ichiye, 1977; Deleersnijder et al., 2006). Because
particles would have different sinking rates, the oiled particles would be dispersed over a large area, most
likely at sublethal or immeasurable levels. Studies conducted after the Ixtoc oil spill revealed that,
although oil was measured on particles in the water column, measurable petroleum levels were not found
in the underlying sediment (ERCO, 1982). Based on BOEM restrictions and the settling rates and
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behavior of sedimented oil, the majority of organisms that may be exposed to sedimented oil are
anticipated to experience low-level concentrations.

Sublethal impacts to benthic organisms may include reduced recruitment success, reduced growth,
and reduced coral cover as a result of impaired recruitment. Experiments have shown that the presence of
oil on available substrate for larval coral settlement has inhibited larval metamorphosis and larval
settlement (Kushmaro et al., 1997). Crude oil concentrations as low as 0.1 ppm on substrate upon which
the coral larvae were to settle reduced larval metamorphosis occurrences by 50 percent after 8 days of
exposure. Oil concentrations of 100 ppm on substrates resulted in only 3.3 percent of the test population
metamorphosizing (Kushmaro et al., 1997). There was also an increased number of deformed polyps
after metamorphosis due to oil exposure (Kushmaro et al., 1997). It is also possible that recurring
exposure may occur to coral if sedimented oil is resuspended locally, possibly inhibiting coral growth and
recovery in the affected areas (Guzman et al., 1994). Oil stranded in sediment is reportedly persistent and
does not weather much (Hua, 1999), so coral may be repeatedly exposed to elevated concentrations of oil.

Adult coral, however, may be able to protect itself from low concentrations of sedimented oil through
mucus production. Coral mucus may not only act as a barrier to protect coral from the oil in the water
column, it has been shown to aid in the removal of oiled sediment on coral surfaces (Bak and
Elgershuizen, 1976). Coral may use a combination of increased mucus production and ciliary action to
rid themselves of oiled sediment (Bak and Elgershuizen, 1976).

Blowout and Sedimentation

Oil or gas well blowouts are possible occurrences in the OCS. Benthic communities exposed to large
amounts of resuspended sediments following a subsurface blowout could be subject to sediment
suffocation and exposure to toxic contaminants. Should oil or condensate be present in the blowout flow,
liquid hydrocarbons could be an added source of negative impact on the benthos. The reduction of light
that occurs during periods of sediment suspension will not impact the corals that live on Pinnacles
because they are ahermatypic (they do not have zooxanthellae and do not require light for
photosynthesis).

Suspended sediment that is transported by currents deep in the water column should not impact the
benthic organisms on live-bottom features. Studies have shown that deep currents sweep around
topographic features instead of over them, allowing the suspended sediment to remain at depth (Rezak
et al., 1983; McGrail, 1982). A similar movement of water is anticipated around larger pinnacle features;
therefore, suspended sediment or subsea oil plumes from depth should not be deposited on top of the
elevated benthic organisms. However, lower relief features may experience slightly more deposition as
currents may not sweep around them as much as the higher relief features.

Sediment that settles out of upper layers of the water column may impact benthic organisms of live-
bottom features. Sediment deposition may smother benthic organisms, decreasing gas exchange,
increasing exposure to anaerobic sediment, and causing physical abrasion (Wilber et al., 2005). Corals
may experience mortality or sublethal impacts such as reduced colony coverage, changes in species
diversity and dominance patterns, alterations in growth rates and forms, decreased calcification, increased
production of mucus, lesions, and reduced recruitment (Torres et al., 2001; Telesnicki and Goldberg,
1995; Rogers, 1990). Coral larvae settlement may also be inhibited in areas where sediment has covered
available substrate (Rogers, 1990; Goh and Lee, 2008). Gorgonian larvae, for example, only settle on
substrate that does not have accumulated sediment (Grigg, 1977). Impacts to corals as a result of
sedimentation would vary based on coral species, the height to which the coral grows, degree of
sedimentation, length of exposure, and the coral’s ability to clear the sediment. Corals have some ability
to rid themselves of sediment through mucus production and ciliary action (Marszalek, 1981; Bak and
Elgershuizen, 1976; Telesnicki and Goldberg, 1995).

Solitary octocorals and gorgonians, which are abundant on many hard-bottom features, are tolerant of
sediment deposition because these solitary species grow erect and are flexible, reducing sediment
accumulation and allowing easy removal (Marszalek, 1981; Torres et al., 2001; Gittings et al., 1992a).
Many of these organisms have even been observed to grow tall enough to resist burial during periods of
sediment encroachment (Lissner et al., 1991). Due to the influence of the Mississippi River in the CPA,
waters are more turbid near the outflow of the River, and more turbidity-tolerant species are present on
live bottoms in this portion of the Gulf of Mexico. Because many of the species are more tolerant of
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turbidity and sedimentation, they could better survive exposure to increased sediment input that could
result from an accidental event (Gittings et al., 1992a).

Since BOEM’s proposed stipulation would preclude drilling within 30 m (100 ft) of a Pinnacle
feature, most adverse effects on live-bottom features from blowouts would likely be prevented.
Petroleum-producing activities would be far enough removed that heavy layers of sediment suspended as
a result of a blowout should settle out of the water column before they reach sensitive biological
communities. Other particles that travel with currents should become dispersed as they travel, reducing
turbidity and depositional impacts. Furthermore, sediment traveling at depth should remain at depth
instead of rising to the top of live-bottom features.

Response Activity Impacts

Oil-spill-response activity may also impact sessile benthic features. Booms anchored to the seafloor
are sometimes used to control the movement of oil at the water surface. Boom anchors can physically
impact corals and other sessile benthic organisms, especially when booms are moved around by waves
(Tokotch, 2010). Vessel anchorage and decontamination stations set up during response efforts may also
break or kill hard-bottom features as a result of setting anchors. Anchor damage may result in the
crushing and breaking of hard bottoms and associated communities. It may also result in community
alteration through reduced or altered substrate cover, loss of sensitive species, and a reduction in coral
cover in heavily damaged areas (Dinsdale and Harriott, 2004). Anchoring often destroys a wide swath of
habitat by the anchor being dragged over the seafloor or by the vessel swinging at anchor, causing the
anchor chain to drag over the seafloor (Lissner et al., 1991). Damage to corals as a result of anchoring
may take 10 or more years to recover, depending on the extent of the damage (Fucik et al., 1984; Rogers
and Garrison, 2001). Nearby species on these hard-bottom habitats that disperse larvae short distances,
such as solitary species (cup corals, octocorals, and hydrocorals), may recolonize areas more rapidly than
slow-growing colonial forms that disperse larvae great distances (Lissner et al., 1991). Effort should be
made to keep vessel anchorage areas away from sensitive benthic features to minimize impact.

Drilling muds comprised primarily of barite may be pumped into a well to stop a blowout. If a “kill”
is not successful, the mud may be forced out of the well and deposited on the seafloor near the well site.
Any organisms beneath the extruded drilling mud would be buried. Based on the BOEM stipulation
contained in NTL 2009-G39, a well should be far enough away from live-bottom features to prevent
extruded drilling muds from smothering sensitive benthic communities. However, if drilling muds were
to travel far enough or high enough in the water column to contact a hard-bottom community, the fluid
may smother the existing community. Low-relief communities would be more at risk for burial than
those on higher pinnacles. Experiments indicate that corals perish faster when buried beneath drilling
mud than when buried beneath carbonate sediments (Thompson, 1979). Light layers of deposited
sediment would most likely be removed by mucus and ciliary action (Marszalek, 1981; Bak and
Elgershuizen, 1976; Telesnicki and Goldberg, 1995).

Proposed Live Bottom (Pinnacle Trend) Stipulation

The proposed Live Bottom (Pinnacle Trend) Stipulation is a potential mitigating measure for leases
resulting from a CPA proposed action. The stipulation is designed to prevent routine petroleum-
producing activities from damaging the Pinnacle Trend features. Under the stipulation, plans would be
reviewed on a case-by-case basis to determine whether a proposed operation could impact a Pinnacle
Trend area. If it is determined from site-specific information derived from BOEM studies, published
information from other research programs, geohazards survey information, or another source that the
operation would impact a Pinnacle Trend area, the operator may be required to relocate the proposed
operation.

Although the BOEM stipulation prevents oil and gas drilling activity within 30 m (100 ft) of Pinnacle
features, some effects may occur to benthic organisms as a result of an oil spill. Sublethal impacts may
include exposure to low levels of oil, dispersed oil, or sedimented oil and turbidity and sedimentation
from disturbed sediments. Effects from these exposures may include reduced growth, altered behavior,
decreased community diversity, altered community composition, reduction in coral cover, and reduced
reproductive success. The severity of these impacts may be dependent on the concentration and duration
of exposure. If concentrated oil is carried to live-bottom habitats in a subsea plume, severe lethal effects
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could result to localized community habitats (Dodge et al., 1984; Wyers et al., 1986). Recovery could
take 10 years or more (MRRI, 1984; Fucik et al., 1984; Rogers and Garrison, 2001).

Proposed Action Analysis

Accidental releases of oil could occur as a result of a CPA proposed action. Small spills (0-1.0 bbl)
would have the greatest number of occurrences (Table 3-12). Estimates of the number of small scale
releases as a result of a CPA proposed action ranges from 929 to 1,806 spills. These spills would be
small in volume and rapidly diluted by surrounding water. A large-scale spill, >1,000 bbl, is very
unlikely, and based on historical spill rates and projected production for a CPA proposed action, up to one
spill of this volume is possible as a result of a CPA proposed action. If a large scale release of oil were to
occur, impacts would be more widely spread.

The probability of surface water oiling occurring as a result of a CPA proposed action anywhere
between the shoreline and 300-m (984-ft) depth contour, which is where the Pinnacle features are located,
was estimated by the Bureau of Ocean Energy Management’s OSRA model for spills >1,000 bbl. For the
Mississippi polygon, the OSRA model estimated probabilities of 3-6 percent and 4-8 percent after 10 and
30 days, respectively, that a spill would occur and contact this area (Figure 3-24). For the Alabama
polygon, the OSRA model estimated probabilities of 2-5 percent and 4-7 percent after 10 and 30 days,
respectively, that a spill would occur and contact this area (Figure 3-24).

A large-scale spill, >1,000 bbl, is very unlikely, and based on historical spill rates and projected
production for a CPA proposed action, up to one spill of this volume is possible as a result of a CPA
proposed action.

Probabilities of oil contacting the surface water above HAPC’s in the CPA, including the Pinnacle
Trend was 2-6 percent (Figure 3-25).

The Pinnacle Trend occupies 74 lease blocks in the northeastern portion of the CPA and is protected
from impacts from oil and gas activity. The Pinnacle Trend blocks represent a small fraction of the
continental shelf area in the CPA. The fact that the Pinnacle Trend features are widely dispersed,
combined with the probable random nature of oil-spill locations, serves to limit the extent of damage from
any given oil spill to the Pinnacle Trend.

The shallowest water depth over any features of the Pinnacle Trend in the CPA is about 60 m (200 ft).
When surface spills are mixed into the water column, the oil is not expected to penetrate below a depth of
about 10 m (33 ft). Also, the low probabilities of oil reaching the surface waters above these features,
based on the OSRA model, combined with the limited depth of mixing of surface oil to the crests of these
features function to protect these features. However, the use of dispersants could result in oil mixing into
the water column and potentially reaching Pinnacle Trend communities. As stated above, the use of
dispersants near protected features is left to the discretion of the Federal On-Scene Coordinator on a case-
by-case basis. The BOEM considers it unlikely that concentrated dispersants would be applied near
Pinnacle Trend features, but the decision on how and where to use dispersants is outside of BOEM’s
control. Sedimented oil or sedimentation as a result of a blowout near a Pinnacle Trend community may
impact benthic organisms.

Potential impacts to the Pinnacle Trend from oil spills and blowouts from a CPA proposed action are
unlikely and are not expected to be significant. The proposed Live Bottom (Pinnacle Trend) Stipulation
would assist in preventing most of the potential impacts from oil and gas operations, including accidental
oil spills and blowouts, on the biota of the Pinnacle Trend.

Effects of the Proposed Action without the Proposed Stipulation

The live-bottom features and associated biota of the CPA could be adversely impacted by oil and gas
activities resulting from a CPA proposed action should it not be restricted by the proposed Live Bottom
(Pinnacle Trend) Stipulation. This would be particularly true should operations occur directly on top of
or in the immediate vicinity of otherwise protected live-bottom and Pinnacle Trend features. The area
within the restricted zones would probably be the areas of the live-bottom features that are most
susceptible to adverse impacts if oil and gas activities are not restricted by the Live Bottom (Pinnacle
Trend) Stipulation or project-specific mitigating measures. These impacting factors would include
blowouts, surface oil spills, and subsea oil spills, along with oil-spill-response activities such as the use of
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dispersants. Potential impacts from routine activities resulting from a CPA proposed action are discussed
in Chapter 4.2.1.6.1.2.

Oil spills as well as routine activities have the potential to considerably alter the diversity, cover, and
long-term viability of the biota found on live-bottom features. Direct oil contact may result in acute
toxicity (Dodge et al., 1984; Wyers et al., 1986). In most cases, recovery from disturbances would take
10 years or more (MRRI, 1984; Fucik et al., 1984; Rogers and Garrison, 2001). As stated above, the use
of dispersants near protected features is left to the discretion of the Federal On-Scene Coordinator on a
case-by-case basis. The BOEM considers it unlikely that concentrated dispersants would be applied near
Pinnacle Trend features, but the decision on how and where to use dispersants is outside of BOEM’s
control.

Indeed, disturbances, including oil spills and blowouts, would alter benthic substrates and their
associated biota, especially close to the discharge. In the unlikely event of a blowout, sediment
resuspension (potentially with associated oil) could cause adverse turbidity and sedimentation conditions.
In addition to affecting the benthic cover of a live-bottom feature, a blowout could alter the local benthic
morphology, thus irreversibly altering the live-bottom community. Oil spills (surface and subsea) could
be harmful to the local biota should the oil have a prolonged or recurrent contact with the organisms.
Therefore, in the absence of the Live Bottom (Pinnacle Trend) Stipulation, a CPA proposed action could
cause long-term (10 years or more) adverse impacts to the biota of the live-bottom features in the event of
a spill.

Summary and Conclusion

Live-bottom (Pinnacle Trend) features represent a small fraction of the continental shelf area in the
CPA. The small portion of the seafloor covered by these features, combined with the probable random
nature of oil-spill locations, serves to limit the extent of damage from any given oil spill to the Pinnacle
Trend features.

The proposed Live Bottom (Pinnacle Trend) Stipulation (Chapter 2.4.1.3.2), if applied, would
prevent most of the potential impacts from oil and gas operations, including accidental oil spills and
blowouts, on the biota of Pinnacle Trend features by increasing the distance of such events from the
features. 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 Pinnacle features. However, operations
outside the proposed buffer zones around sensitive habitats (including blowouts and oil spills) may affect
live-bottom features.

The depth below the sea surface to which many live-bottom features rise helps to protect them from
surface oil spills. Some Pinnacles may rise to within 40 m (130 ft) of the sea surface; however, many
features have much less relief or are in deeper water depths. Any oil that might contact pinnacle features
would probably be at low concentrations because the depth to which surface oil can mix down into the
water column is less than the peak of the tallest pinnacles, and this would result in little effect to these
features.

A subsurface spill or plume may impact sessile biota of live-bottom features. Oil or dispersed oil
may cause sublethal impacts to benthic organisms if a plume reaches these features. Impacts may include
loss of habitat, biodiversity, and live coverage; change in community structure; and failed reproductive
success. The Live Bottom (Pinnacle Trend) Stipulation would limit the potential impact of such
occurrences by keeping the sources of such adverse events geographically removed from the sensitive
biological resources of live-bottom features.

Sedimented oil or sedimentation as a result of a blowout may impact benthic organisms. However,
because the Live Bottom (Pinnacle Trend) Stipulation places petroleum-producing activity at a distance
from live-bottom features, this would result in reduced turbidity and sedimentation near the sensitive
features. Furthermore, any sedimented oil should be well dispersed, resulting in a light layer of
deposition that would be easily removed by the organism and have low toxicity.

The proposed Live Bottom (Pinnacle Trend) Stipulation would assist in preventing most of the
potential impacts on live-bottom communities from blowouts, surface, and subsurface oil spills and the
associated effects. Any contact with spilled oil would likely cause sublethal effects to benthic organisms
because the distance of activity would prevent contact with concentrated oil. In the unlikely event that oil
from a subsurface spill would reach the biota of a live-bottom feature, the effects would be primarily
sublethal and impacts would be at the community level. Any turbidity, sedimentation, and sedimented oil
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would also be at low concentrations by the time the live-bottom features were reached, resulting in
sublethal impacts.

4.2.1.6.1.4. Cumulative Impacts

Background/Introduction

This cumulative analysis considers the effects of impact-producing factors related to a proposed
action plus those related to prior and future OCS lease sales, and to tanker and other shipping operations
that may occur and adversely affect live bottoms of the Pinnacle Trend area. Specific OCS-related,
impact-producing factors considered in the analysis are structure emplacement and removal, anchoring,
discharges from well drilling, produced waters, pipeline emplacement, oil spills, blowouts, and
operational discharges. Non-OCS-related impacts including commercial fisheries, natural disturbances,
anchoring by recreational boats, and other non-OCS commercial vessels, as well as spillage from import
tankering, all have the potential to alter live bottoms, and they are addressed here as well.

It is assumed that the Live Bottom (Pinnacle Trend) Stipulation for live bottoms would be part of
appropriate OCS leases and that existing site/project-specific mitigations would be applied to OCS
activities on these leases or supporting activities on these leases. The Live Bottom (Pinnacle Trend)
Stipulation does not permit bottom-disturbing activities within 30 m (100 ft) of any hard bottom or
pinnacle. However, stipulations and mitigations do not protect the resources from activities outside of
BOEM jurisdiction (i.e., commercial fishing, tanker and shipping operations, or recreational activities).

OCS Leasing-Related Impacts

Structure placement and anchor damage from support boats and ships, floating drilling units, and
pipeline-laying vessels that disturb areas of the seafloor are considered the greatest oil and gas OCS-
related threat to Pinnacle live-bottom areas. The size of the areas affected by chains associated with
anchors and pipeline-laying barges would depend on the water depth, chain length, sizes of anchor and
chain, method of placement, wind, and current (Lissner et al., 1991). Anchor damage could include
crushing and breaking of live bottoms and associated communities. It may also result in community
alteration through reduced or altered substrate cover, loss of sensitive species, and a reduction in coral
cover in heavily damaged areas (Dinsdale and Harriott, 2004). Anchoring often destroys a wide swath of
habitat by the anchor being dragged over the seafloor or by the vessel swinging at anchor, causing the
anchor chain to drag over the seafloor (Lissner et al., 1991). Damage to corals as a result of anchoring
may take 10 or more years from which to recover, depending on the extent of the damage (Fucik et al.,
1984; Rogers and Garrison, 2001). Nearby species on these hard-bottom habitats that disperse larvae
short distances, such as solitary species (cup corals, octocorals, and hydrocorals), may recolonize areas
more rapidly than slow-growing colonial forms that disperse larvae great distances (Lissner et al., 1991).
Such anchoring damage, however, should be minimized on pinnacle habitats, as stipulations included in
the leases do not allow bottom-disturbing activities within 30 m (100 ft) of the hard-bottom feature, as
described by NTL 2009-G39 (USDOI, MMS, 2009a).

Both explosive and nonexplosive structure-removal operations disturb the seafloor; however, they are
not expected to affect hard-bottom communities because of stipulation required buffer distances of 30 m
(100 ft) and because many sessile benthic organisms are known to resist the concussive force of structure-
removal-type blasts (O’Keeffe and Young, 1984). Also, BSEE regulations require charges to be
detonated 5 m (15 ft) below the mudline and at intervals of at least 0.9 seconds, which would attenuate
shock waves in the seafloor, reducing shock impact to hard bottoms on the seafloor (Baxter et al., 1982).
Should pinnacle communities incur any damages as a result of the explosive removal of structures,
recruitment and succession of the communities would be slow and may take more than 10 years
(Montagna and Holmberg, 2000; CSA and GERG, 2001; MRRI, 1984).

Routine discharges of drilling muds and cuttings by oil and gas operations could affect biological
communities and organisms through a variety of mechanisms, including the smothering of organisms
through deposition or less obvious sublethal effects (impacts to growth and reproduction). The Live
Bottom (Pinnacle Trend) Stipulation, however, requires that drilling occur at least 30 m (100 ft) from
pinnacles, which helps protect these features through physical distance from wells. Even though the
additive effects of drilling several wells add more discharges to the environment, the Live Bottom
(Pinnacle Trend) Stipulation protects these sensitive communities through distance from drilling.
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Drilling muds quickly disperse upon release, and most of the material is rapidly deposited on the
seafloor (Neff, 2005; Shinn et al., 1980; Hudson et al., 1982). The drilling fluid plume in the water
column has been measured to be only a few milligrams/liter above background sediment concentrations
100 m (328 ft) from the discharge point, concentrations often less than those produced during storms or
from boat wakes (Shinn et al., 1980). Deposition of drilling muds and cuttings in pinnacle habitats are
not expected to greatly impact the biota of the surrounding habitat for three reasons. First, the biota that
live on the pinnacles are adapted to turbid conditions and storm impacts (Gittings et al., 1992a), reducing
their vulnerability to sedimentation. Second, the Live Bottom (Pinnacle Trend) Stipulation does not
allow drilling within 30 m (100 ft) of a pinnacle, placing physical distance between the well and the
sensitive environment in which the cuttings may travel to the seafloor. Third, USEPA discharge
regulations and permits would further reduce discharge-related impacts. Any exposure that may occur
from muds and cuttings discharged as a result of the cumulative scenario would be temporary, primarily
sublethal in nature, and the effects would be limited to small areas.

Produced waters from petroleum operations that are released at the water’s surface are not likely to
have a great impact on pinnacles. Produced waters are rapidly diluted, impacts are generally only
observed within proximity of the discharge point, and acute toxicity that may result from produced waters
occurs “within the immediate mixing zone around a production platform” (Gittings et al., 1992b;
Holdway, 2002). Also, USEPA’s general NPDES permit restrictions on the discharge of produced water,
require the effluent concentration 100 m (328 ft) from the outfall to be less than the 7-day “no observable
effect concentration” based on laboratory exposures, (Smith et al., 1994).

The Live Bottom (Pinnacle Trend) Stipulation and site-specific mitigations are expected to prevent
operators from placing pipelines directly upon live-bottom communities. The effect of pipeline-laying
activities on the biota of these communities would be restricted to the resuspension of sediments, possibly
causing obstruction of filter-feeding mechanisms of sedentary organisms and gills of fishes. Adverse
impacts from resuspended sediments would be temporary, primarily sublethal in nature, and the effects
would be limited to small areas. Impacts 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). Since burial of pipelines is not
required in water depths >60 m (200 ft), very little of the Pinnacle Trend area (>60-m [200-ft] depth)
would be subjected to high turbidity caused by burial during pipeline-laying activities.

Oil spills may have an impact on the Pinnacle communities of the Gulf of Mexico. The Live Bottom
(Pinnacle Trend) Stipulation would help protect hard-bottom communities from experiencing direct oiling
as a result of a blowout because bottom-disturbing activities are not permitted within 30 m (100 ft) these
communities. Also, the depth of pinnacle features (60-120 m; 200-400 ft) helps protect them from
fouling by oil. Disturbance of the sea surface by storms can mix surface oil into the water column, but the
effects are generally limited to the upper 10-20 m (33-66 ft) (Lange, 1985; McAuliffe et al., 1975 and
19814a; Tkalich and Chan, 2002). Pinnacles rise up to 20 m (66 ft) above the seafloor, at water depths
between 60 and 120 m (200 and 400 ft) (Thompson et al., 1999; Schroeder, 2000). Pinnacles, therefore,
are 40 m (130 ft) or more below the sea surface. The depth of the live-bottom features below the sea
surface helps protect benthic species from physical oil contact.

Any dispersed surface oil from a tanker or rig spill that may reach the benthic communities of
pinnacles in the Gulf of Mexico would be expected to be at very low concentrations (less than 1 ppm)
(McAuliffe et al., 1981a and 1981b; Lewis and Aurand, 1997). Such concentrations would not be life
threatening to larval or adult stages based on experiments conducted with coral (Lewis, 1971;
Elgershuizen and De Kruijf, 1976; Knap, 1987; Wyers et al., 1986; Cohen et al., 1977) and observations
after oil spills (Jackson et al., 1989; Guzman et al., 1991). Any dispersed or physically mixed oil in the
water column that comes in contact with corals, however, may evoke short-term negative responses by
the organisms, such as reduced feeding or altered behavior (Wyers et al., 1986; Cook and Knap, 1983;
Dodge et al., 1984).

Potential blowouts are unlikely to impact the biota of the pinnacles because the Live Bottom
(Pinnacle Trend) Stipulation does not allow drilling within 30 m (100 ft) of a pinnacle. Therefore, these
sensitive habitats are distanced from the potential lethal impacts of a blowout. Qil leaked at the seafloor
would rise to the sea surface because all known reserves in the Gulf of Mexico have specific gravity
characteristics that would preclude oil from sinking immediately after release at a blowout site. If any
blowouts from wells did occur, the suspended sediments should settle out of the water column before a
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majority of the material reached a pinnacle. Subsea oil will be dispersed as it travels in the water column
(Vandermeulen, 1982; Tkalich and Chan, 2002). Also, because currents are anticipated to sweep around
the larger pinnacle features instead of over them, subsea oil should be directed away from the larger
features, reducing the possibility of physical oiling or deposition of oiled sediment (Rezak et al., 1983;
McGrail, 1982). If oil were to contact the live-bottom features, concentrations would be sublethal unless
the source is close to the feature. The impacts of physical contact may include loss of habitat,
biodiversity, and live coverage; change in community structure; and failed reproductive success. In the
highly unlikely event that oil from a subsurface spill could reach a Pinnacle area in lethal concentrations,
the recovery of this area could take in excess of 10 years (Fucik et al., 1984).

In the unlikely event a freighter, tanker, or other oceangoing vessel related to OCS Program activities
sank and collided with pinnacle features or associated habitat, releasing its cargo, recovery capabilities
from such a catastrophic scenario are unknown at this time. At present, such an event has never occurred,
so information on habitat recovery capabilities is based on recovery studies from other forms of physical
damage to hard-bottom features. For the purpose of this analysis, it is projected that no surface spills,
regardless of size, would have an impact on the biota of pinnacles, largely because the tops of the features
crest at depths greater than 40 m (130 ft) below the sea surface. Surface oil spills are therefore not
expected to impact the pinnacle communities, as discussed above.

The greatest impact from an oil spill could result from dispersed oil trapped in stratified layers of
water, such as that which occurred during the DWH event. A recent report documents damage to a
deepwater coral community 11 km (7 mi) southwest of the DWH event (USDOI, BOEMRE, 2010j) at a
depth where a dispersed plume of oil was trapped in a stratified water layer (OSAT, 2010). A probable
explanation for the detrimental impacts to corals is that the coral community forms structures that
protrude up into the water column that would be affected by a passing oil plume. The DWH event was
the first usage of subsea dispersants, but if subsea dispersants are ever applied on the continental shelf, a
similar occurrence may happen. A stratified nepheloid (turbid) layer exists near the seafloor and rises to
20 m (66 ft) from the seafloor and, if a dispersant is used in that layer near the Pinnacles, dispersed oil
could affect the sensitive communities. As stated above, the use of dispersants near protected features is
left to the discretion of the Federal On-Scene Coordinator on a case-by-case basis. The BOEM considers
it unlikely that concentrated dispersants would be applied near Pinnacle Trend features, but the decision
on how and where to use dispersants is outside of BOEM’s control.

Should the Live Bottom (Pinnacle Trend) Stipulation not be implemented for a proposed action or for
future lease sales, OCS activities could have the potential to destroy part of the biological communities
and damage one or several live/hard-bottom features. The most potentially damaging of these are the
impacts associated with physical damages that may result from anchors, structure emplacement, and other
bottom-disturbing operations.

As noted in the affected environment description, limited data are currently available on potential
impacts of the DWH event on Pinnacle Trend features in the CPA. This incomplete or unavailable
information may be relevant to reasonably foreseeable significant impacts to Pinnacle Trend features.
The BOEM has determined that this incomplete or unavailable information may be essential to a reasoned
choice among alternatives. Relevant data on the status of Pinnacle Trend features after the DWH event,
however, may take years to acquire and analyze. Much of this data is being developed through the
NRDA process, which is expected to take years to complete. Little data from the NRDA process has been
made available to date. Therefore, it is not possible for BOEM to obtain this information within the
timeframe contemplated by this NEPA analysis, regardless of the cost or resources needed. In the place
of this incomplete or unavailable information, as noted above, BOEM subject-matter experts have used
available scientifically credible evidence in this analysis applied using accepted scientific methods and
approaches.

The cumulative impact of possible oil spills, along with the DWH event, is not anticipated to affect
the overall Pinnacle Trend habitat. The Live Bottom (Pinnacle Trend) Stipulation would not allow wells
to be drilled within 30 m (100 ft) of a pinnacle, separating the habitat from the worst of the sediment
deposition of a blowout and allowing most of the oil to rise to the sea surface without contacting pinnacle
features. If oil is released near a pinnacle feature and concentrated or dispersed oil is entrained in the
water column, it could contact nearby pinnacle habitat with serious detrimental effects. Habitats
receiving high concentrations of oil could take 10 or more years to recover (Fucik et al., 1984). However,
since subsea plumes travel directionally with water currents, only pinnacle habitats directly in the path of
the plume would be affected. Therefore, the acute impacts of any large-scale blowout would likely be
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limited in scale, and any additive impacts of several blowouts should only impact small areas on an acute
level, with possible sublethal impacts occurring over a larger area.

Non-OCS Leasing Impacts

Although lease stipulations prohibit bottom-disturbing activities for OCS-related construction, these
stipulations do not apply to non-OCS-related activity. Severe and permanent physical damage may occur
to pinnacle features and the associated live bottoms as a result of non-OCS activities. It is assumed those
biota associated with live bottoms of the CPA are well adapted to natural disturbances such as turbidity
and storms; however, human disturbance could cause severe damage to live-bottom biota, possibly
leading to changes of physical integrity, species diversity, or biological productivity. If such events were
to occur, recovery to pre-impact conditions could take as much as 10 years (Fucik et al., 1984).

Natural events such as storms, extreme weather, and fluctuations of environmental conditions (e.g.,
nutrient pulses, low dissolved oxygen levels, seawater temperature minima, and seasonal algal blooms)
may impact live-bottom communities. Because of the depth of the Pinnacle Trend environment, waves
seldom have a direct influence. During severe storms, such as hurricanes, large waves may reach deep
enough to stir bottom sediments (Brooks, 1991; CSA, 1992b). These forces are not expected to be strong
enough to cause direct physical damage to organisms living on the features. Rather, currents are created
by the wave action that can resuspend sediments to produce added turbidity and sedimentation (Brooks,
1991; CSA, 1992b). The animals in this region are well-adapted to the effects common to this frequently
turbid environment (Gittings et al., 1992a).

Recreational boating, fishing, and import tankering may severely impact live-bottom communities.
Ships anchoring near major shipping fairways of the CPA, on occasion, may impact sensitive areas
located near these fairways. Numerous fishermen also take advantage of the resources of the region and
may anchor at hard-bottom locations to fish. Much of the fishing on these habitats uses bottom fishing
gear that may damage benthic organisms or may snag on the reefs and be lost. Such gear, particularly
lines of varying thickness, can cut into the tissues of many benthic organisms during storm movement of
bottom waters.

Damage resulting from commercial fishing, especially bottom trawling, may have a severe impact on
hard-bottom benthic communities. Bottom trawling in the Gulf of Mexico primarily targets shrimp from
nearshore waters to depths of approximately 90 m (300 ft) (NRC, 2002). Although trawlers would not
target areas with pinnacles as fishing ground, since pinnacles may tangle with gear, accidental instances
of trawling may occur near or over pinnacles, resulting in community damage. Reports indicate that
bottom trawling activity on hard-bottom substrates can overturn boulders and destroy epifaunal organisms
(Freese et al., 1999). Large emergent sponges and anthozoans 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). Recovery rates of corals and coralline algae may take decades to centuries and
depend on the extent of the impact, frequency of disturbance, other natural changes that occur to the
habitat, and the organism’s life history (NRC, 2002).

Summary and Conclusion

Non-OCS activities that may occur in the vicinity of the pinnacle communities include recreational
boating and fishing, import tankering, fishing and trawling, and natural events such as extreme weather
conditions, and extreme fluctuations of environmental conditions. These activities could cause damage to
the pinnacle communities. Ships using fairways in the vicinity of pinnacles anchor in the general area of
pinnacles on occasion, and numerous fishermen take advantage of the resources of regional bottoms.
These activities could lead to instances of severe and permanent physical damage to individual
formations. During severe storms, such as hurricanes, large waves may reach deep enough to stir bottom
sediments (Brooks, 1991; CSA, 1992b). Because of the depth of the Pinnacle Trend area, these forces are
not expected to be strong enough to cause direct physical damage to organisms living on the reefs.

Possible impacts from routine activities of OCS oil and gas operations include anchoring, structure
emplacement and removal, pipeline emplacement, drilling discharges, and discharges of produced waters.
In addition, accidental subsea oil spills, or blowouts associated with OCS activities can cause damage to
pinnacle communities. Long-term OCS activities are not expected to adversely impact the live-bottom
environment because these impact-producing factors are restrained by the continued implementation of
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the lease stipulation and site-specific mitigations. The inclusion of the Live Bottom (Pinnacle Trend)
Stipulation would preclude the occurrence of physical damage, the most potentially damaging of these
activities. The impacts to the live bottoms are judged to be infrequent because of the small number of
operations in the vicinity of pinnacles and the distance from the habitat. The impact to the live/hard-
bottom resource as a whole is expected to be minimal because of primarily localized impacts.

Impacts from blowouts, pipeline emplacement, muds and cuttings discharges, other operational
discharges, and structure removals should be minimized because of the proposed Live Bottom (Pinnacle
Trend) Stipulation and the dilution of discharges and resuspended sediments in the area. Potential
impacts from discharges would be further reduced by USEPA discharge regulations and permit
restrictions.

The incremental contribution of a CPA proposed action to the cumulative impact is expected to be
slight, with possible impacts from physical disturbance of the bottom, discharges of drilling muds and
cuttings, other OCS discharges, structure removals, and oil spills. Negative impacts should be restricted
by the implementation of the Live Bottom (Pinnacle Trend) Stipulation, site-specific stipulations, the
depths of the features, the currents in the live-bottom area, and the distance of pinnacle habitats from the
source of impact.

4.2.1.6.2. Live Bottoms (Low Relief)

Live bottoms of various types are present in many locations on the Mississippi-Alabama Shelf, as
well as on the West Florida Shelf (Figure 4-42). None of the blocks with live-bottom (low-relief) habitat
would be offered for lease; however, several live-bottom (low-relief) areas are adjacent to blocks that
would be offered for lease under a CPA proposed action (Figure 4-42). Therefore, an analysis of
potential impacts is being included in this EIS. The analysis includes a summary of new information and
the description of the biology of live-bottom (low relief) areas.

The Live Bottom (Low Relief) Stipulation implemented by BOEM protects biological resources of
live-bottom areas from potential impacts by oil and gas activities to a depth of 100 m (328 ft) in the EPA
and a small northeastern portion of the CPA. The Live Bottom (Low Relief) Stipulation defines
low-relief areas as “seagrass communities, areas that contain biological assemblages consisting of sessile
invertebrates living upon and attached to naturally occurring hard or rocky formations with rough, broken,
or smooth topography; and areas where a hard substrate and vertical relief may favor the accumulation of
turtles, fish, or other fauna” (USDOI, MMS, 2009a). Sessile invertebrates may include sea fans, sea
whips, hydroids, anemones, ascidians, sponges, bryozoans, or corals. The BOEM recommends the
application of the Live Bottom (Low Relief) Stipulation for a proposed action within one of the OCS
lease blocks that has low-relief features.

Because no blocks with Live Bottom (Low Relief) features would be leased as part of the current
lease sale, the Live Bottom (Low Relief) Stipulation would not be applied to a lease. However, routine
environmental reviews for areas of the CPA that are for lease and adjacent to Live Bottom (Low Relief)
blocks would reveal any potential sites of live-bottom habitat that may overlap with planned seafloor
impacts. Survey information must cover the entire area of planned seafloor impacts, including blocks
adjacent to the lease if needed. During the review process, seafloor surveys would be analyzed to
determine that all activity is adequately distanced from sensitive benthic features. Particular attention
would be paid to making sure that anchor spreads completely avoid all hard bottoms. Therefore, any
activity that occurs in an area adjacent to a live-bottom (low-relief) block would be reviewed to make sure
that any routine activity (discharges from drilling or production, infrastructure emplacement, or anchoring
for infrastructure emplacement) does not impact organisms in a protected block. These BOEM site-
specific reviews would minimize potential impacts on the biota of live bottoms from operations resulting
from a CPA proposed action. All proposed OCS-related activities are submitted to BOEM for evaluation
and approval. Exploration plans, development plans, and pipeline applications would be thoroughly
reviewed to ensure that all bottom disturbances would avoid impacting sensitive live bottoms.

4.2.1.6.2.1. Description of the Affected Environment

Live-bottom (low-relief) habitats are found on the continental shelf in both the CPA and EPA. The
low-relief live bottoms in the CPA are only found in the northeastern portion of the planning area, while
the EPA has a much more widely dispersed live-bottom (low-relief) habitat (Figure 4-42). The BOEM
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applies the Live Bottom (Low Relief) Stipulation to lease blocks that are within these described areas
within waters 100 m (328 ft) or less. Live-bottom (low-relief) blocks are not offered for lease under a
CPA proposed action.

Ecology of Inner- and Middle-Shelf Live Bottoms of the Mississippi-Alabama Shelf

Nearshore hard-bottom areas are located on the Mississippi-Alabama shelf in 18-40 m (60-130 ft) of
water (Figure 4-42). A fine-grained quartz sand sheet covers most of the Mississippi-Alabama Shelf;
however, numerous hard bottoms that are formed of sedimentary rock occur in the CPA off the
Mississippi River Delta and seaward of the Chandeleur Islands (Schroeder, 2000). Sediments across the
area east of the Mississippi River transition from the silt/clay of the delta to quartzose riverine sands of
the eastern rivers, to the carbonate Florida platform characterized by carbonate sands and generally clear
waters (east of De Soto Canyon). Lowe-relief, hard-bottom features are located on the inner and middle
Mississippi-Alabama shelf. These features include isolated low-relief, reef-like structures; rubble fields;
low-relief flat rocks (e.g., 6 m long and 60 cm thick; 20 ft long and 2 ft thick); limestone ledges (e.g., 4 m
[13 ft] high); rocky outcrops off Mobile Bay (18- to 40-m [59- to 131-ft] depth range; 5 m wide and 2 m
high; 16 ft wide and 7 ft high); and clustered reefs (e.g., tens of meters across and 3 m [10 ft] high)
(Schroeder et al., 1988; Schroeder, 2000). Hard-bottom features on the Mississippi-Alabama-Florida
Shelf (MAFLA) typically provide reef habitat for tropical organisms, including sessile epifauna (soft
corals, nonreef-building hard corals, sponges, bryozoans, crinoids) and fish; these areas are typically of
low relief (<1 m; 3 ft) (Thompson et al., 1999).

Four types of rock formations that form the hard-bottom areas are described by Schroeder et al.
(1988).

e massive to nodular sideritic sandstones and mudstones, which are scattered on the
central and western portions of the shelf;

¢ slabby-aragonite-cemented coquina and sandstone rubble associated with storm
related ridges of shell and sand on the central shelf;

e dolomitic sandstone in small irregular outcrops; and

o calcite cemented algal calcirudite occurring in reef-like knobs on the southeastern
shelf.

Schroeder et al. (1988 and 1989) described four live-bottom areas west of De Soto Canyon:
Southeast Bank, Southwest Rock, Big Rock/Trysler Grounds, and features at the 17 Fathom Hole.

e The Southeast Bank is a rock rubble field site in 21-27 m (69-87 ft) of water-bearing
encrusting epifauna (mostly the soft corals Leptogorgia virgulata and Lophogorgia
hebes).

e The Southwest Rock area is made of two rocks that are 10 m (33 ft) apart. The larger
of the two is 7-9 m (23-30 ft) wide and 1-1.5 m (3-5 ft) high. The smaller rock is
1.5-3.5 m (5-11 ft) wide, but it is almost level with the surrounding rubble substrate.

e The Big Rock/Trysler Grounds are 5 m (16 ft) tall mound-like structures of rock
rubble found in 30-35 m (98-115 ft) of water.

e The features at the 17 Fathom Hole are reef-like and mound-like. One reef-like
feature is 100 m (328 ft) long, 35 m (115 ft) wide, and 2 m (7 ft) high. A mound-like
feature is made of rock rubble, covers a 300 m? (3,228 ft%) area, and rises 2 m (7 ft)
above the seafloor.

The soft corals Leptogorgia virgulata and Lophogorgia hebes were the most frequently encountered
encrusting organisms amongst inner- and mid-shelf hard bottoms. Other biotic cover, not as common as
soft corals, was made of hydroids and bryozoans (Schroeder et al., 1988 and 1989). Brooks (1991) found
shallow-water hard bottoms off Mobile Bay that support living algae communities. The 40-Fathom



4-564 Western and Central Planning Areas Multisale EIS

Isobath area is located 24 km (15 mi) northeast of the Pinnacle Trend area (described in Chapter
4.2.1.6.1.1) in water depths of approximately 75 m (245 ft). This area consists of topographic features
with up to 9 m (30 ft) of relief that are mound-like, pinnacle-like, or ridge-like in form (Schroeder et al.,
1988 and 1989).

Shipp and Hopkins (1978) found a hard-bottom area of large, rectangular limestone blocks rising up
to 10 m (33 ft) off the seafloor near the head of De Soto Canyon in 55 m (180 ft) of water (Figure 4-43).
Live cover included sponges, nonreef-building hard coral (Oculina diffusa), soft corals (Lophogorgia
cardinalis and L. hebes), and an antipatharian (Antipathes sp.). A diverse and abundant tropical fish
community was associated with the hard bottom. Benson et al. (1997) found another important hard-
bottom community, the “De Soto Canyon rim feature,” on the western edge of the canyon head.

Ecology of Inner- and Middle-Shelf Live Bottoms of the West Florida Shelf

A majority of live-bottom (low-relief) habitats in the GOM is found on the West Florida Shelf
(Figure 4-42). These areas are not offered for lease under a CPA proposed action, but they are
considered in this EIS because accidental releases of oil could affect habitats in the area. The BOEM has
designated blocks on the West Florida Shelf out to 100-m (328-ft) depth as Live Bottom (Low Relief)
Stipulation blocks (Figure 4-42) because live-bottom communities are widely scattered across the West
Florida Shelf. The shelf is a relatively flat table of carbonate (karst limestone geology) that is largely
covered with carbonate sand sheets. In many places, the sand moves around due to seasonal storms,
forming ephemeral (temporary) patches of sand interspersed with exposed hard bottom. Various species
of sessile (attached) reef fauna and flora grow on the exposed hard grounds. Some species such as sea
whips and other gorgonians are tall enough to survive sand movement and accretion.

In addition to the widely distributed hard-bottom areas, there are also permanent areas of hard bottom
that have greater relief than the exposed hard-bottom habitat. Three areas are NMFS-designated HAPC’s
on the West Florida Shelf: The Madison-Swanson Marine Reserve; The Florida Middle Ground; and
Pulley Ridge. Other higher relief live-bottom areas, including the Steamboat Lumps Special Management
Area and the Sticky Ground Mounds, are also important habitats on the West Florida Shelf. The
above-named, live-bottom habitats are relic reef formations that were “drowned” with sea-level rise.
Many of the formations have deep reef communities with sponges, sea fans, black corals, scattered
Oculina corals, echinoderms, and crabs. In addition, habitats with formations that are closer to the water
surface have some hermatypic (reef-building) corals.

Recent Invasive Species Concerns

Two invasive species have been reported in the Gulf of Mexico: the orange cup coral (Tubastraea
coccinea) and the lionfish (Pterois volitans/miles). According to Executive Order 13112, an invasive
species is defined as an alien species whose introduction does or is likely to cause economic or
environmental harm or harm to human health. Tubastraea coccinea, which is reported on many oil and
gas platforms in the northern Gulf of Mexico, has been reported on several artificial reefs off the Florida
coast (Fenner and Banks, 2004). It was first reported in 2001 and believed to have been introduced on
hulls of ships used for artificial reefs (Fenner and Banks, 2004). The lionfish was reported off the coasts
of Florida, Alabama, and Louisiana in 2010 (USDOI, GS, 2010b). It has also recently been reported in
the southern Gulf of Mexico (Aguilar-Perera and Tuz-Sulub, 2010). Specific sightings were noted at
several artificial reefs and oil and gas platforms in the CPA (USDOI, GS, 2010b).

Proposed Candidates for Threatened and Endangered Species

Elkhorn coral (Acropora palmata), which was listed as “threatened” in 2006 and is protected under
the ESA, has been documented in patch reefs off Florida. In 2009, a petition was submitted to NMFS by
the Center for Biological Diversity to list 82 additional species of coral under the ESA (USDOC, NOAA,
2010f). Those 82 “candidate species” are currently under review by NMFS. Some of the “candidate
species” are found in the Gulf of Mexico, including Montastraea annularis, Montastraea faveolata,
Montastraea franksi. Once NMFS has reviewed the candidate species, a decision would be made as to
whether each species warrants listing under the ESA or not. If these species are listed, they would receive
protection under the ESA.
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Essential Fish Habitat

The NMFS has designated essential fish habitat (EFH) for coral species within the Florida Middle
Grounds, southwest tip of the Florida reef tract, and in predominant patchy hard bottom offshore of
Florida from approximately Crystal River south to the Keys that are managed under FMP’s (USDOC,
NMFS, 2010a). The EFH is defined as

“waters—aquatic areas and their associated physical, chemical, and biological properties
that are used by fish and may include aquatic areas historically used by fish where
appropriate; substrate—sediment, hard bottom, structures underlying the waters, and
associated biological communities; necessary—the habitat required to support a
sustainable fishery and the managed species’ contribution to a healthy ecosystem; and
spawning, breeding, feeding, or growth to maturity—stages representing a species’
full life cycle” (USDOC, NMFS, 2010a).

Groups of coral protected under the Coral and Coral Reef FMP include octocorals, fire corals,
stinging corals, stony corals, black corals, and deepwater corals (GMFMC and SAFMC, 1982). The EFH
for coral in the Gulf of Mexico is designated for all life stages. The Magnuson-Stevens Act requires
Federal agencies to consult with NMFS on actions that are to be federally permitted, funded, or
undertaken that may have an adverse effect on EFH. Adverse effects are defined as “any impact that
reduces quality and/or quantity of EFH . . . [and] may include direct (e.g., contamination or physical
disruption), indirect (e.g., loss of prey, reduction of species’ fecundity), site-specific or habitat wide
impacts, including individual, cumulative, or synergistic consequences of actions” (USDOC, NMFS,
2010a).

Habitat Areas of Particular Concern

The NMFS has designated habitat areas of particular concern (HAPC) within identified EFH. The
HAPC provide important habitat for federally managed fish species and are areas for conservation
priorities. Areas designated as hard-bottom HAPC in the CPA are Florida Middle Grounds, Madison-
Swanson Marine Reserve, Tortugas North and South Ecological Reserves, and Pulley Ridge (Dale and
Santos, 2006; GMFMC, 2005). Elkhorn coral, a federally listed threatened species, is found in patch
reefs off the Florida Keys and Florida reef tract (GMFMC, 2005; USDOC, NOAA, 2011f). The Florida
patch reefs are one of four NMFS designated critical habitats for elkhorn coral (USDOC, NOAA, 2011f).

Baseline Conditions following the Deepwater Horizon Event

Extensive literature, Internet, and database searches have been conducted for results of scientific data
at low-relief, hard-bottom features following the DWH event. Although many research cruises have
occurred, very few reports containing data have been released as of the publication of this EIS.
Descriptions of studies in progress are discussed, and any results indicated are included below. A few
early data releases have indicated that baseline conditions near the well may have been altered; however,
impacts to hard-bottom areas farther from the well are still unknown.

The potential oiling footprint as reported through NOAA’s Environmental Response Management
Application (ERMA) posted on the GeoPlatform.gov website indicated that oil was recorded in surface
waters above hard-bottom features in the northern Gulf of Mexico (USDOC, NOAA, 2011b). The oil
footprint extended from approximately Lake Charles, Louisiana, to Panama City, Florida. The oil was
distributed in patches and ribbons rather than a continuous blanket of petroleum and migrated over time
so that it did not have a continuous cover over the entire area for the duration of the spill (USDOC,
NOAA, 2011b). The relief of the hard-bottom features do not rise much above the seafloor and are,
therefore, far below the sea surface, which helps to protect the epibenthic species from physical oil
contact because their crests are 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 et al., 1988;
Schroeder, 2000). Small, low-relief features in shallow water near the coast at the northern extent of the
Gulf of Mexico may have had a greater chance of oil exposure than the deeper features. However, the
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greatest area of low-relief, hard-bottom features occurs off the western Florida coast, to the south and east
of the footprint of oil coverage.

The DWH event may have impacted some hard-bottom features located much closer to the well on
the Mississippi-Alabama shelf than the live-bottom (low-relief) features. Oil was detected in the CPA in
a subsurface plume in water depths between 1,100 and 1,300 m (3,609 and 4,265 ft) and moving
southwest along those depth contours (OSAT, 2010). Epibenthic organisms that protrude above the
sediment may have been exposed to oil droplets in the water column or at the seafloor/water interface
near the subsea plume. The strata where the subsea plume occurred were a place that scientists recorded
visible impact to benthic organisms. A recent report documents damage to a deepwater (1,400 m;
4,593 ft) coral (gorgonian) community 11 km (7 mi) to the southwest of the well, which is the direction of
travel of the subsea oil plume. The BOEMRE and NOAA dedicated part of their collaborative
Lophelia Il Expedition: Oil Seeps and Deep Reefs, to investigating damage to deep corals as a result of
the DWH event. Results are still pending but it appears that a coral community in the CPA about
15 m x 40 m (50 ft x 130 ft) in size was severely damaged and that the damage may have been the result
of contact with the subsea oil plume (Fisher, 2010a; USDOI, BOEMRE, 2010j). See Chapter 4.2.1.10
for a detailed description of the affected deepwater coral community.

Water and sediment samples collected during and after the spill were analyzed as part of the OSAT
(2010) report. A handful of samples collected off the Gulf Coast did reveal some PAH’s as a result of the
DWH event, although those samples were not collected in the vicinity of protected hard-bottom, low-
relief features (OSAT, 2010). There were 6 water samples out of 481 collected that exceeded the USEPA
chronic toxicity benchmarks for PAH in the offshore waters (>3 nmi [3.5 mi; 5.6 km] offshore to the
200-m [656-ft] bathymetric contour), all of which occurred within 1 m (3 ft) of the water surface (OSAT,
2010). There were 63 water samples out of 3,612 collected from deep water (>200 m; 656 ft) that were
consistent with MC252 oil and that exceeded the USEPA aquatic life benchmarks for PAH (OSAT,
2010). Exceedances occurred near the water surface or in the southwest traveling deepwater plume
within 70 km (43 mi) of the well. Oil detected in the subsurface plume was between 1,100 and 1,300 m
(3,609 and 4,265 ft) and moving southwest along those depth contours (OSAT, 2010), which is deeper
than and in the opposite direction of the low-relief, hard-bottom features on the continental shelf. The oil
in the deepwater plume was carried by deepwater currents, which do not transit up onto the continental
shelf (Pond and Pickard, 1983; Inoue et al., 2008), thereby protecting the low-relief features. No
sediment samples collected offshore (>3 nmi [3.5 mi; 5.6 km] offshore to the 200-m [656-ft] depth
contour) and seven sediment samples collected in deep water (>200 m; 656 ft) exceeded the USEPA
aquatic life benchmarks for PAH exposure (OSAT, 2010). All chronic aquatic life benchmark
exceedances in the sediment occurred within 3 km (2 mi) of the well and samples fell to background
levels at a distance of 10 km (6 mi) from the well (OSAT, 2010). Dispersants were also detected in
waters off Louisiana but were below USEPA benchmarks of chronic toxicity. No dispersants were
detected in sediment on the Gulf floor (OSAT, 2010). The low-relief features, therefore, are not expected
to have been acutely impacted by PAH in the water column or sediment, as they are located much farther
from the well than measured benchmark exceedances. However, chronic impacts may have occurred as a
result of low-level or long-term exposure to dispersed, dissolved, or neutrally buoyant oil droplets in the
water column.

The Macondo oil weathered as it traveled to the sea surface, as it floated on the sea surface, and as it
traveled in the subsea plume, where in each case it became depleted in lower molecular weight PAH’s
(which are the most acutely toxic components) (Brown et al., 2010; Eisler, 1987). The longer the oil
spent in the water column or at the sea surface, the more diluted and weathered it became (Lehr et al.,
2010). Chronic impacts that may result to species that came in contact with the diluted and weathered oil
may include reduced recruitment success, reduced growth, and reduced coral cover as a result of impaired
recruitment (Kushmaro et al., 1997; Loya, 1975 and 1976b; Rinkevich and Loya, 1977). These types of
possible impacts may be investigated in future studies if deemed necessary by NRDA. It should be noted
that it may be difficult to distinguish between possible low-level impacts to invertebrates as a result of
exposure to DWH oil and impacts from numerous natural seeps in the CPA that are constantly releasing
oil into the water (MacDonald, 2002).

Harbor Branch Oceanographic Institute and the NOAA Cooperative Institute for Ocean Exploration,
Research, and Technology conducted the Florida Shelf-Edge Expedition (FLoSEE) following the DWH
event from July 9 to August 9, 2010. The expedition focused on the following: (1) the assessment and
documentation of deepwater coral reefs, shelf-edge mesophotic reefs, and hard-bottom essential fish



Description of the Environment and Impact Analysis 4-567

habitat; (2) stress responses of corals and other marine invertebrates exposed to oil and chemical
dispersants; (3) assessment of zooplankton and linkages between pelagic and benthic ecosystems;
(4) chemical analysis of sessile benthic taxa and biomedical resources; and (5) education and outreach
(Reed and Rogers, 2011). Survey sites along the east, south, and west Florida shelf and slope were
partially selected based on the path of the oil plume. Particular sites of interest included Miami Terrace,
Pourtales Terrace, Tortugas Ecological Reserve, Florida Keys National Marine Sanctuary, Pulley Ridge,
Naples sinkhole, Lophelia Reefs, Sticky Grounds, Florida Middle Grounds, and Madison-Swanson
Marine Protection Area. Videotape and photographs were taken from a submersible and specimens were
collected and catalogued.

Once more data are released, we will have a better understanding of the measured impacts and
possible long-term effects of the DWH event. Limited data are currently available on potential impacts of
the DWH event on low-relief features in the CPA. This incomplete or unavailable information may be
relevant to reasonably foreseeable significant impacts to low-relief features. The BOEM has determined
that this incomplete or unavailable information may be essential to a reasoned choice among alternatives.
Relevant data on the status of low-relief features after the DWH event, however, may take years to
acquire and analyze. Much of this data is being developed through the NRDA process, which may take
years to complete. Little data from the NRDA process have been made available to date. Therefore, it is
not possible for BOEM to obtain this information within the timeframe contemplated by this NEPA
analysis, regardless of the cost or resources needed. In the place of this incomplete or unavailable
information, BOEM subject-matter experts have used available scientifically credible evidence in this
analysis and applied it using accepted scientific methods and approaches. The BOEM'’s case-by-case
seafloor review of areas where bottom-disturbing activities are proposed for OCS-petroleum production,
however, would serve to protect sensitive habitat from accidental impacts from oil and gas production,
such as oil spills, by distancing production from the protected habitat. Details of how the site-specific
reviews protect hard-bottom features in the Gulf of Mexico from routine and accidental impacts of
petroleum production are discussed below.

4.2.1.6.2.2. Impacts of Routine Events

Background/Introduction

The Live Bottom (Low Relief) Stipulation (described in NTL 2009-G39 [USDOI, MMS, 2009a])
protection covers lease blocks that include water depths <100 m (328 ft) in the EPA and a portion of the
northeastern CPA that was previously part of the EPA (Figure 4-42). Blocks subject to the Live Bottom
(Low Relief) Stipulation, including those in the CPA, are not included in the area to be offered in a CPA
proposed action; therefore, the stipulation would not apply to a CPA proposed action. No CPA lease
sales since the 1980’s have included blocks in areas where this stipulation applies. However, CPA blocks
adjacent to this area are included in a CPA proposed action.

Although the Live Bottom (Low Relief) Stipulation would not be applied to a CPA lease sale
(because live-bottom [low-relief] blocks are not included in a CPA lease sale), BOEM will still be
conducting reviews of proposed OCS activities so that any live bottoms that could be impacted by
proposed activity are protected. The case-by-case reviews are designed to prevent drilling activities and
anchor emplacement (the major potential impacting factors on these live bottoms resulting from offshore
oil and gas activities) from damaging the low-relief features. Both exploration and development plans
will be reviewed on a case-by-case basis to determine whether a proposed operation could impact a low-
relief area. If it is determined from site-specific information derived from BOEM studies, published
information from other research programs, geohazards survey information, or another source that the
operation would impact a low-relief area, the operator may be required to relocate the proposed operation.

Since the blocks covered by the Live Bottom (Low Relief) Stipulation are outside the area to be
offered in a CPA proposed action, only those blocks adjacent to a CPA proposed action in the
northeastern portion of the CPA could be affected by routine impacts (Figure 4-42). The impact analysis
presented below is for routine activities associated with a CPA proposed action.

A number of routine OCS-related factors may cause adverse impacts on the live-bottom communities
and features. Damage caused by anchoring, infrastructure and pipeline emplacement, infrastructure
removal, blowouts, drilling discharges, and produced-water discharges can cause mortality of live-bottom
organisms or the alteration of sediments to the point that recolonization of the affected areas may be
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delayed or impossible. Impacts from accidental events, such as oil spills and blowouts are discussed in
Chapter 4.2.1.6.2.3.

Construction Impacts on Low-Relief Features

Anchoring may damage lush biological communities or the structure of the live-bottom features
themselves, which attract fish and other mobile marine organisms. Anchor damage from support boats
and ships, floating drilling units, and pipeline-laying vessels greatly disturb areas of the seafloor and are
the greatest threats associated with the routine activities of a CPA proposed action to live-bottom areas at
these depths. The size of the affected area would depend on water depth, anchor and chain sizes, chain
length, method of placement, wind, and current. Anchor damage may result in the crushing and breaking
of hard bottoms and associated communities. It may also result in community alteration through reduced
or altered substrate cover, loss of sensitive species, and a reduction in coral cover in heavily damaged
areas (Dinsdale and Harriott, 2004). Anchoring often destroys a wide swath of habitat by the anchor
being dragged over the seafloor or by the vessel swinging at anchor, causing the anchor chain to drag over
the seafloor (Lissner et al., 1991). Damage to corals as a result of anchoring may take 10 or more years to
recover, depending on the extent of the damage (Fucik et al., 1984; Rogers and Garrison, 2001). Nearby
species on these hard-bottom habitats that disperse larvae short distances, such as solitary species (cup
corals, octocorals, and hydrocorals), may recolonize areas more rapidly than slow-growing colonial forms
that disperse larvae great distances (Lissner et al., 1991). Such anchoring damage, however, should be
minimized on low-relief hard bottoms, as BOEM conducts site-specific reviews of OCS activity so that
bottom disturbances are distanced from sensitive live-bottom habitat. Because only a few CPA blocks for
lease are adjacent to live-bottom (low-relief) blocks (Figure 4-42), any damage from routine activity
should only be possible if construction activities take place immediately adjacent to designated live-
bottom (low-relief) areas (i.e., drilling a well inside, but at the edge of a bordering block, and having the
anchor spread of the drilling vessel extend into a block that is designated as having live-bottom [low-
relief] features).

Infrastructure emplacement and pipeline emplacement could result in suspended sediment plumes and
sediment deposition on the seafloor. Considering the relatively elevated amounts of drilling muds and
cuttings discharged per well (approximately 2,000 metric tons [2,205 tons] for exploratory wells—
900 metric tons [992 tons] of drilling fluid and 1,100 metric tons [1,213 tons] of cuttings—and slightly
lower discharges for development wells) (Neff, 2005), potential impacts on biological resources of hard-
bottom features should be expressly considered if drill sites occur in blocks adjacent to such features.
Potential impacts could be incurred through increased water-column turbidity, the smothering of sessile
benthic invertebrates, and local accumulations of contaminants.

Although the Live Bottom (Low Relief) Stipulation requires that bottom-disturbing activities cause
no impact to low-relief features, some cuttings from a nearby emplacement may reach the live-bottom
features. Differences in the dispersal patterns for well cuttings and drilling muds result from differences
in disposal methodology (surface disposal or bottom shunting). For example, well cuttings that are
disposed of at the water’s surface tend to disperse in the water column and are distributed widely over a
large area at low concentrations (CSA, 2004b; NRC, 1983). On the other hand, cuttings that are shunted
to the seafloor are concentrated over a smaller area in piles instead of being physically dispersed over
wide areas (Neff, 2005).

The heaviest concentrations of surface-released well cuttings and drilling fluids have been reported
within 100 m (328 ft) of wells and are shown to decrease beyond that distance (CSA, 2004b; Kennicutt
etal., 1996). The cuttings rarely accumulate thicknesses >1 m (3 ft) immediately adjacent to the well;
thicknesses are usually not higher than a few tens of centimeters (about 1 ft) in the GOM. They are
usually distributed unevenly in gradients and in patches, often dependent on prevailing currents (CSA,
2004b). A gradient of deposition is generally limited to about 250 m (820 ft) from the well site, but it
may reach up to 500 m (1,640 ft) from the well, depending on prevailing currents and surrounding
environmental conditions (Kennicutt et al., 1996; CSA, 2004b). The source of cuttings released at the
surface would be, at the closest, in blocks adjacent to live-bottom (low-relief) habitats. However, low-
relief features could react negatively to drill cuttings if they do contact the habitat. For example, the
ahermatypic (nonreef-building) coral, Caryophyllia sp., which may be found on some of these hard-
bottom habitats, has displayed a significant dose-response relationship with sediment loading where
densities of the species decreased with an increase in drilling mud particles (Hyland et al., 1994).
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In order to protect live-bottom (low relief) features, BOEM conducts site-specific reviews of all
planned wells and pipelines. If a hard-bottom feature is discovered during the review process, BOEM
may require relocation of operations to avoid live-bottom areas. This review process prevents well
drilling activities from occurring near sensitive live-bottom areas. Other mitigation may be imposed on
an operator, such as bottom shunting of cuttings, to protect live-bottom areas from burial, including those
of low relief. Also, the USEPA general NPDES permit sets special restrictions on discharge rates for
muds and cuttings to protect biological features. Chapter 4.2.1.2 details the NPDES permit’s general
restrictions and the impacts of drilling muds and cuttings on marine water quality and seafloor sediments.
If cuttings and drilling fluids are transported to approved disposal sites, the live bottoms would be even
further protected from sedimentation. Due to BOEM'’s site-specific review process and USEPA’s
discharge regulations, possible turbidity and smothering impacts of sessile invertebrates on hard-bottom
features caused by drilling muds and cuttings are anticipated to be minimized.

Drilling fluid adhering to cuttings forms plumes that are rapidly dispersed on the OCS.
Approximately 90 percent of the material discharged (cuttings and drilling fluid) settle rapidly to the
seafloor, while 10 percent forms a plume of fine mud that drifts in the water column (Neff, 2005).
Although drilling mud plumes may be visible 1 km (0.6 mi) from the discharge, rapid dilution of drilling
mud plumes was reported within 6 m (20 ft) from the release point (Shinn et al., 1980; Hudson et al.,
1982). Drilling muds and cuttings may be diluted 100 times at a distance of 10 m (33 ft) from the
discharge and 1,000 times at a distance of 100 m (328 ft) from the discharge (Neff, 2005). Dilution
continues with distance from the discharge point, and at 96 m (315 ft) from the release point, a plume was
measured only a few milligrams/liter above background suspended sediment concentrations (Shinn et al.,
1980). With consideration that drilling is not allowed on live-bottom habitats, that protective measures
must be taken to avoid low-relief features, and that field measurements of suspended solids rapidly
decline with distance from the source, turbidity impacts to live-bottom communities should be minimized.

Drilling mud concentrations at 6 m (20 ft) from the discharge were often less than those produced
during storms or from boat wakes and, at 96 m (315 ft), they were less than suspended sediment
concentrations measured on a windy day in coral reefs off Florida, and far below concentrations measured
to cause physiological impacts to corals (Shinn et al., 1980; Thompson et al., 1980; Szmant-Froelich
etal., 1981; Kendall et al., 1983). The toxic effects measured as a result of exposure to drilling mud are
not caused by turbidity alone, but by the compounds in the drilling mud (Kendall et al., 1983).
Extrapolation of data collected from bioassays indicates the no-effect concentration of drilling mud to be
3.99 ppm, which is above the average concentration of drilling mud measured in the water column 96 m
(315 ft) from platforms (Kendall et al., 1983; Shinn et al., 1980). Based on those values, there should be
no effects from drilling mud 96 m (315 ft) from a platform and possible limited effects at 6 m (20 ft) from
the well.

There is little opportunity for drilling muds and cuttings to affect low-relief live bottoms. The
low-relief, live-bottom habitats are mostly in the EPA, with some stretching westward into the edge of the
CPA.. Since the northeast portion of the CPA is not included in the area to be offered in a CPA proposed
action, only activities on the northeast border of a CPA proposed action would be adjacent to some low-
relief, live-bottom habitats. The Mississippi River flows into this area of the GOM, resulting in high
levels of natural turbidity. This turbidity forms a gradient from the source with levels declining farther
from the source. So, while muds and cuttings from a CPA proposed action could drift to the east, they
will decline to background levels before reaching sensitive live-bottom habitats. The organisms in this
area are tolerant of turbid environments (Rogers, 1990; Gittings et al., 1992a) and should not be impacted
by the residual suspended sediment discharged during the drilling of a well. Many of the organisms that
predominate in these communities also grow tall enough to withstand the sedimentation that results from
their typical turbid environment or they have flexible structures that enable the passive removal of
sediments (Gittings et al., 1992a). Mud that may reach these organisms can be removed by tentacle
motion and mucus secretion (Shinn et al., 1980; Hudson and Robbin, 1980).

Recruitment studies conducted by Continental Shelf Associates (CSA) and Texas A&M University,
Geochemical and Environmental Research Group (GERG); Marine Resources Research Institute (MRRI);
and others suggest that recovery of hard-bottom communities following a disturbance will be slow (CSA
and GERG, 2001; MRRI, 1984; Montagna and Holmberg, 2000). Epibiont recruitment showed relatively
slow development of fouling community constituents on recruitment plates. Early colonizers are
opportunistic epifauna, such as hydroids, bryozoans, barnacles, and bivalves that are tolerant of sediment
loading (CSA and GERG, 2001; MRRI, 1984). Basically, only the earliest successional stages were
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observed after 1 year (MRRI, 1984) and after 27 months of exposure (CSA and GERG, 2001), and the
epibiota typically associated with nearby hard-bottom features were rare on the plates (CSA and GERG,
2001). No sponges or corals had settled after 1 year (MRRI, 1984). Corals and sponges are known to
display delayed recruitment and slow growth, and after 10 years corals and anemones were sparse on
artificial reef habitats, and the community had still not reached “climax” state (MRRI, 1984).

It is not known whether the results of the recruitment studies would have differed if the substrate had
consisted of exposed patches of natural hard bottom; however, because analysis of artificial reefs exposed
for months to several years also indicates slow community development, it can be anticipated that hard-
bottom communities take a long time to recruit and develop (MRRI, 1984). Although settling plates and
artificial reefs may differ from natural reefs, they can help to indicate recruitment time in a defaunated
area (MRRI, 1984).

Long-Term and Operational Impacts on Low-Relief Features

Drilling operations may impact live-bottom communities. Drilling operations in Puerto Rico have led
to reduced coral cover out to 65 m (213 ft) from the well, probably as a result of cutting deposition
(Hudson et al., 1982). Corals beyond this distance did not show reduced surface cover (Hudson et al.,
1982). Live bottoms of low-relief features may experience some deposition of cuttings, especially if a
well is within a few hundred meters of a live bottom. Impacts as a result of cuttings disposal may reach
100-200 m (328-656 ft) from a well (Montagna and Harper, 1996; Kennicutt et al., 1996). The BOEM
case-by-case review of planned OCS activity protects hard-bottom features on the Gulf floor by requiring
bottom-disturbing activity to be distanced from live-bottom features.

Impacts as a result of exposure to contaminants may occur to live-bottom organisms within
100-200 m (328-656 ft) of the well as a result of offshore oil and gas production (Montagna and Harper,
1996; Kennicutt et al., 1996; Hart et al., 1989; Kennicutt, 1995; CSA, 2004b). Sand content, metals,
barium, inorganic carbon, and petroleum products have all been reported to be elevated near platforms
(Kennicutt, 1995). Distribution of discharges tends to be patchy, have sharp gradients, and be directional
(Kennicutt, 1995). The greatest impacts occur in low-energy environments where depositions may
accumulate and not be redistributed (Neff, 2005; Kennicutt et al., 1996).

Elevated levels of barium, silver, cadmium, mercury, lead, and zinc were found out to 200 m (656 ft)
from platforms and are likely a product of drilling muds and cuttings (Kennicutt et al., 1996; Hart et al.,
1989; Chapman et al., 1991; CSA, 2004b). Metal concentrations in sediments near gas platforms
(approximately out to 100 m [328 ft]) have been reported above those that may cause deleterious
biological effects. The impacts are believed to be a result of metal toxicity originating from drill cuttings
during the installation of the well, which remain in the sediment (Montagna and Harper, 1996; Carr et al.,
1996). Hydrocarbon enrichment has been reported within 25 m (80 ft) and out to 200 m (656 ft) of
petroleum platforms, and the concentrations decreased with distance from the platforms (Hart et al., 1989;
Chapman et al., 1991; Kennicutt, 1995; Kennicutt et al., 1996). The concentrations of PAH’s in the
sediment surrounding platforms, however, were below the biological thresholds for marine organisms and
appeared to have little effect on benthic organisms (Hart et al., 1989; McDonald et al., 1996; Kennicutt
etal., 1996). If any of the drill cuttings reach live-bottom features, impacts from metal or hydrocarbon
exposure may occur. Although the literature does not report the impacts to gorgonians or soft corals as a
result of exposure to contaminants in cuttings, infauna have shown effects including reduced fecundity,
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). Impacts to benthos would be reduced with
distance from the discharge.

Produced waters are discharged at the water surface throughout the lifetime of the production
platform and may contain hydrocarbons, trace metals, elemental sulfur, and radionuclides (Kendall and
Rainey, 1991). Heavy metals enriched in the produced waters include cadmium, lead, iron, and barium
(Trefry et al., 1995). Produced waters may impact both organisms attached to the production platform
and benthic organisms in the sediment beneath the platform because the elements in the produced water
may remain in the water column or attach to particles and settle to the seafloor (Burns et al., 1999). A
detailed description of the impacts of produced waters on water quality and seafloor sediments is
presented in Chapter 4.2.1.2.

Produced waters are rapidly diluted and impacts are generally only observed within proximity of the
discharge point (Gittings et al., 1992a). Models have indicated that the vertical descent of a surface
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originating plume should be limited to the upper 50 m (164 ft) of the water column and maximum
concentrations of surface plume water have been measured in the field between 8 and 12 m (26 and 39 ft)
(Ray, 1998; Smith et al., 1994). Plumes have been measured to dilute 100 times within 10 m (33 ft) of
the discharge and 1,000 times within 103 m (338 ft) of the discharge (Smith et al., 1994). Modeling
exercises showed hydrocarbons to dilute 8,000 times within 1 km (0.6 mi) of a platform and constituents
such as benzene and toluene to dilute 150,000 and 70,000 times, respectively, within that distance (Burns
etal., 1999).

The less soluble fractions of the constituents in produced water associate with suspended particles and
may sink (Burns et al., 1999). Particulate components were reported to fall out of suspension within
0.5-1 nmi (0.6-1.2 mi; 0.9-1.9 km) from the source outfall (Burns et al., 1999). The particulate fraction
disperses widely with distance from the outfall and soluble components dissolve in the water column,
leaving the larger, less bioavailable compounds on the settling material (Burns et al., 1999). Due to
BOEM'’s policy, which does not allow bottom-disturbing activity to impact low-relief live bottoms and
dispersion of particles in the water column, the particulate constituents of produced waters should not
impact biological communities on these live bottoms (Burns et al., 1999).

Waterborne constituents of produced waters can influence biological activity at a greater distance
from the platform than particulate components can (Osenberg et al., 1992). The waterborne fractions
travel with currents; however, data suggest that these fractions remain in the surface layers of the water
column (Burns et al., 1999). Modeling data for a platform in Australia indicated the plume to remain in
the surface mixed layer (top 10 m; 33 ft) of the water column, which would protect low-relief, live-
bottom features from produced water traveling with currents because most of these features are in water
deeper than the surface mixed layer.

Acute effects caused by produced waters are likely only to occur within the mixing zone around the
outfall (Holdway, 2002). Past evaluation of the bioaccumulation of offshore, produced-water discharges
conducted by the Offshore Operators Committee (Ray, 1998) assessed that metals discharged in produced
water would, at worst, affect living organisms found in the immediate vicinity of the discharge,
particularly those attached to the submerged portion of platforms. Possibly toxic concentrations of
produced water were reported 20 m (66 ft) from the discharge in both the sediment and the water column
where elevated levels of hydrocarbons, lead, and barium occurred, but no impacts to marine organisms or
sediment contamination were reported beyond 100 m (328 ft) of the discharge (Neff and Sauer, 1991;
Trefry et al.,, 1995). Another study in Australia reported that the average total concentration of
20 aromatic hydrocarbons measured in the water column 20 m (66 ft) from a discharge was less than
0.5 pg/L (0.0005 mg/L or 0.0005 ppm) due to the rapid dispersion of the produced water plume (Terrens
and Tait, 1996).

Compounds found in produced waters are not anticipated to bioaccumulate in marine organisms. A
study conducted on two species of mollusk and five species of fish (Ray, 1998) found that naturally
occurring radioactive material in produced water was not found to bioaccumulate in marine animals.
Metals including: barium, cadmium, mercury, nickel, lead, and vanadium in the tissue of the clam,
Chama macerophylla, and the oyster, Crassostrea virginica, collected within 10 m (33 ft) of discharge
pipes on oil platforms were not statistically different from those located at reference stations (Trefry et al.,
1995). Because high-molecular weight PAH’s are usually in such dilute concentrations in produced
water, they pose little threat to marine organisms and their constituents, and they were not anticipated to
biomagnify in marine food webs. Monocyclic hydrocarbons and other miscellaneous organic chemicals
are known to be moderately toxic, but they do not bioaccumulate to high concentrations in marine
organisms (Ray, 1998).

Chronic effects including decreased fecundity; altered larval development, viability, and settlement;
reduced recruitment; reduced growth; reduced photosynthesis by phytoplankton; reduced bacterial
growth; alteration of community composition; and bioaccumulation of contaminants were reported for
benthic organisms close to discharges and out to 1,000 m (3,281 ft) from the discharge (Holdway, 2002;
Burns et al., 1999). Effects were greater closer to the discharges and responses varied by species. No
other reports show effects out to this distance. High concentrations of produced waters may have a
chronic effect on corals. The Australian coral, Plesiastrea versipora, when exposed to 25 percent and 50
percent produced water, had a significant decrease in zooxanthellae photosynthesis and often bleached
(Jones and Heyward, 2003). Experiments using water accommodated fractions (WAF) of produced
waters indicated that coral fertilization was reduced by 25 percent and metamorphosis was reduced by 98
percent at 0.0721 ppm total hydrocarbon (Negri and Heyward, 2000). The WAF, however, is based on a
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closed experimental system in equilibrium and may be artificially low for the Gulf of Mexico, which will
not reach equilibrium with contaminants. The experimental value can be considered a conservative
approach that would overestimate impacts if the entire Gulf were to come in equilibrium with oil inputs.

Produced waters may have some impact on live-bottom features, but BOEM’s site-specific review of
planned OCS activities and required distancing of activity from sensitive habitats should help to reduce
these impacts. The greatest impacts are reported adjacent to the discharge and out to 20 m (66 ft) from
the discharge, but they are substantially reduced less than 100 m (328 ft) from the discharge. Because
only a few potential live-bottom (low-relief) areas are adjacent to the area to be offered in a CPA
proposed action, produced waters are not expected to reach the sensitive habitats in concentrations that
would produce negative effects. The distance between the habitat and the discharge would allow for
dispersion of the produced waters, which occurs rapidly (King and McAllister, 1998), reducing the
concentration of discharged material to which the live bottoms may be exposed. The USEPA general
NPDES permit restrictions on the discharge of produced water would also limit the impacts on biological
resources of live bottoms. The USEPA’s general NPDES permit restrictions on the discharge of
produced water requires the effluent concentration 100 m (328 ft) from the outfall to be less than the
7-day “no observable effect concentration” based on laboratory exposures (Smith et al., 1994). This
would help to limit the impacts on biological resources of live-bottom features. Measurements taken
from a platform in the Gulf of Mexico showed discharge to be diluted below the “no observable effect
concentration” within 10 m (33 ft) of the discharge (Smith et al., 1994). Such low concentrations would
be even farther diluted at greater distances from the well, limiting the impacts on biological resources of
live bottoms.

Structure-Removal Impacts on Low-Relief Features

The impacts of structure removal on live-bottom benthic communities can include turbidity, sediment
deposition, explosive shock-wave impacts, and loss of habitat. Both explosive and nonexplosive removal
operations would disturb the seafloor by generating considerable turbidity that could impact surrounding
live-bottom environments. Suspended sediment may evoke physiological impacts in benthic organisms
including *“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). The higher the concentration of suspended sediment in the water column
and the longer the sediment remains suspended, the greater the impact.

Sediment deposition that occurs in ahermatypic coral communities may smother benthic organisms,
decreasing gas exchange, increasing exposure to anaerobic sediment, and causing physical abrasion
(Wilber et al., 2005). Corals may experience reduced coverage, changes in species diversity and
dominance patterns, alterations in growth rates and forms, decreased calcification, increased production
of mucus, lesions, reduced recruitment, and mortality (Torres et al., 2001; Telesnicki and Goldberg,
1995). Coral larvae settlement may be inhibited in areas where sediment has covered available substrate
(Rogers, 1990; Goh and Lee, 2008).

Corals have some ability to rid themselves of sediment through mucus production and ciliary action
(Marszalek, 1981; Bak and Elgershuizen, 1976; Telesnicki and Goldberg, 1995). Octocorals and
gorgonians are more tolerant of sediment deposition than scleractinian corals, as they grow erect and are
flexible, reducing sediment accumulation and allowing easy removal (Marszalek, 1981; Torres et al.,
2001; Gittings et al., 1992a). Gorgonians, corals, and sponges on low-relief features have also been
reported to protrude above accumulated sediment layers, and it is hypothesized that these organisms can
resist burial by growing faster than the sediment accumulates over the hard substrate upon which they
settle (Lissner et al., 1991).

The shock waves produced by explosive structure removals may also harm benthic biota. However,
corals and other sessile invertebrates have a high resistance to shock. O’Keeffe and Young (1984)
described the impacts of underwater explosions on various forms of sea life using, for the most part,
open-water explosions much larger than those used in typical structure-removal operations. They found
that sessile benthic organisms, such as barnacles and oysters, and many motile forms of life, such as
shrimp and crabs, that do not possess swim bladders, were remarkably resistant to shock waves generated
by underwater explosions. Oysters located 8 m (25 ft) away from the detonation of 135-kg (298-Ib)
charges in open water incurred a 5 percent mortality rate. Very few crabs died when exposed to 14-kg
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(31-1b) charges in open water 46 m (150 ft) away from the explosions. O’Keeffe and Young (1984) also
noted “. . . no damage to other invertebrates such as sea anemones, polychaete worms, isopods, and
amphipods.”

Benthic organisms appear to be further protected from the impacts of subbottom explosive
detonations by rapid attenuations of the underwater shock wave traversing the seabed away from the
structure being removed. The shock wave is significantly attenuated when explosives are buried, as
opposed to detonation in the water column (Baxter et al., 1982). Theoretical predictions suggest that the
shock waves of explosives set 5 m (15 ft) below the seabed, as required by BSEE regulations, would
further attenuate blast effects (Wright and Hopky, 1998).

Charges used in OCS structure removals are typically much smaller than some of those cited by
O’Keeffe and Young. The Structure-Removal Operations on the Gulf of Mexico Outer Continental Shelf:
Programmatic Environmental Assessment (USDOI, MMS, 2005) predicts low impacts on the sensitive
offshore habitats from platform removal precisely because of the effectiveness of BOEM’s site-specific
reviews in preventing platform emplacement in the most sensitive areas of the GOM. Impacts on the
biotic communities, other than those on or directly associated with the platform, would be limited by the
relatively small size of individual charges (normally 50 Ib [27 kg] or less per well piling and per
conductor jacket) and by the fact that charges are detonated 5 m (15 ft) below the mudline and at least
0.9 seconds apart (timing needed to prevent shock waves from becoming additive) (USDOI, MMS,
2005). Also, because the live-bottom (low-relief) areas are generally far from a CPA proposed action,
adverse effects to live-bottom features should be prevented.

Infrastructure or pipeline removal would impact the communities that have colonized the structures,
many of which may also be found on live-bottom features. Removal of the structure itself would result in
the removal of the hard substrate and the associated encrusting community. The overall community
would experience a reduction in species diversity (both epifaunal encrusting organisms and the fish and
large invertebrates that fed on them) with the removal of the structure (Schroeder and Love, 2004). The
epifaunal organisms attached to the platform would die once the platform is removed. However, the
seafloor habitat would return to the original soft-bottom substrate that existed before the well was drilled.

Some structures may be converted to artificial reefs. If the rig stays in place, the hard substrate and
encrusting communities would remain part of the benthic habitat. The diversity of the community would
not change and associated finfish species would continue to graze on the encrusting organisms. The
community would remain an active artificial reef. However, plugging of wells and other reef-in-place
decommissioning activities would still impact benthic communities as discussed above, since all the steps
for removal except final removal from the water would still occur.

Proposed Action Analysis

The Live Bottom (Low Relief) Stipulation covers lease blocks that include waters less than 100 m
(328 ft) deep in the EPA and a northeastern portion of the CPA that was previously part of the EPA
(Figure 4-42). Blocks subject to the Live Bottom (Low Relief) Stipulation, including those in the CPA,
are not included in the area to be offered in a CPA proposed action. No lease sales since the 1980’s have
included blocks in areas where this stipulation applies. However, adjacent blocks in the CPA are included
in the area to be offered in a CPA proposed action. For a CPA proposed action, 62-121 exploration,
78-152 development wells, and 28-54 production structures are projected for offshore Subareas C0-60
(between the coastline and 60 m [197 ft] of water). There are 24-46 exploration/delineation,
32-58 development wells, and 3-6 production structures projected for offshore Subareas C60-200
(between 60 and 200 m [197 and 656 ft] of water). Few, if any, of the wells or production structures
would be located near live-bottom (low-relief) areas because the areas are not included in the area to be
offered in a CPA proposed action. Lowe-relief features would incur few incidences of anchor damage
from support vessels for the same reason. In addition, BOEM conducts project-specific reviews of
planned activity and requires the activity to be distanced from any hard-bottom areas near the proposed
activity. Thus, anchoring events are not expected to impact the resource. Accidental anchor impacts,
however, could occur, with recovery taking a few to many years, depending on the severity (Fucik et al.,
1984; Rogers and Garrison, 2001; Lissner et al., 1991).

Pipeline emplacement also has the potential to cause considerable disruption to the bottom sediments
in the vicinity of the live bottoms (Chapter 3.1.1.8.1); however, BOEM’s site-specific project review of
the surrounding seafloor would restrict pipeline-laying activities as well as oil and gas activities in the
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vicinity of the low-relief communities. The actual effect of pipeline-laying activities on the biota of the
low-relief communities would be restricted to the resuspension of sediments. Burial of pipelines is only
required in water depths of 60 m (200 ft) or less. Therefore, only the shallowest live-bottom communities
would be affected by the increased turbidity associated with pipeline burial. The laying of pipeline
without burial produces much less resuspension of sediments. The project-specific seafloor reviews
would help to minimize the impacts of pipeline-laying activities.

Summary and Conclusion

Oil and gas operations discharge drilling muds and cuttings that generate turbidity, potentially
smothering benthos near the drill sites. Deposition of drilling muds and cuttings near low-relief areas
would not greatly impact the biota of the live bottoms because the biota surrounding the low-relief
features in or near the CPA are adapted to turbid (nepheloid) conditions and high sedimentation rates
associated with the outflow of the Mississippi River (Gittings et al., 1992a). Regional surface currents
and water depth would largely dilute any effluent. Additional deposition and turbidity caused by a nearby
well are not expected to adversely affect the low-relief environment because such drilling muds and
cuttings would be dispersed upon discharge. Toxic impacts on benthos are limited to within 100-200 m
(328-656 ft) of a well (Montagna and Harper, 1996; Kennicutt et al., 1996), and NPDES permit
requirements limit discharge. The drilling of a well, therefore, could have localized impacts on the
benthos near the well, which should be located away from live-bottom features according to BOEM
policy, and additionally, impacts would be reduced with distance from the well.

The toxicity of produced waters has the potential to adversely impact the live-bottom organisms;
however, as previously stated, many of the low-relief areas are not in the area to be offered in a CPA
proposed action and BOEM’s site-specific seafloor review prior to any bottom-disturbing activity would
prevent the placement of oil and gas facilities upon (and consequently would prevent the discharge of
produced water directly over) low-relief, live-bottom habitats. Produced waters also rapidly disperse and
remain in the surface layers of the water column, far above the live-bottom features.

Platform removals have the potential to impact nearby habitats. As previously discussed, the
platforms would not be constructed directly on low-relief areas because these areas are either not included
in the area to be offered in a CPA proposed action or are protected by BOEM policy, distancing blasts
from sensitive low-relief habitats. Benthic organisms on live bottoms should also have limited impact
because they are resistant to blasts, tolerant of turbidity, can physically remove some suspended sediment,
and may be located above or be tall enough to withstand limited sediment deposition. The BOEM site-
specific seafloor review and required distancing of seafloor disturbance from live-bottom features would
help to prevent smothering events. Since the live-bottom areas are either not included in the area to be
offered in a CPA proposed action or are protected by BOEM policy, most of the potential impacts on live
bottoms from bottom-disturbing activities (structure emplacement and removal) and operational
discharges associated with a CPA proposed action would be prevented. Any contaminants that reach live-
bottom features would be diluted from their original concentration; therefore, impacts that do occur
should be sublethal.

4.2.1.6.2.3. Impacts of Accidental Events

Background/Introduction

The live-bottom (low-relief) features of the CPA sustaining sensitive offshore habitats are located in
water depths of less than 100 m (328 ft) and are described in Chapter 4.2.1.6.2.1. Chapter 2.4.1.3.2
contains a complete description and discussion of the proposed Live Bottom (Low Relief) Stipulation.
Live bottoms (low relief) are defined in NTL 2009-G39, which describes the applicable lease stipulation
effective on blocks in the EPA and several blocks in the northeast portion of the CPA (USDOI, MMS,
2009a). Note that none of those blocks are included in the area to be offered in a CPA proposed action
(Figure 4-42). Therefore, oil and gas activities from a CPA proposed action do not coincide with the
live-bottom (low-relief) habitats. However, some areas leased as a result of a CPA proposed action could
be adjacent to the sensitive habitats at the extreme western edge of the habitat range. Disturbances
resulting from a CPA proposed action, including oil spills and blowouts, have the potential to disrupt and
alter the environmental, commercial, recreational, and aesthetic values of live-bottom features of the
CPA.
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A catastrophic events analysis is provided in Appendix B; nevertheless, the type and kind of
expected impacts to low-relief features from a catastrophic event would be similar to those described
below as impacts from accidental events.

Possible Modes of Exposure

Oil released to the environment as a result of an accidental event may impact live-bottom features in
several ways. Oil may be physically mixed into the water column from the sea surface, be injected below
the sea surface and travel with currents, be dispersed in the water column, or adhere to particles and sink
to the seafloor. These scenarios and their possible impacts are discussed in the following sections.

An oil spill that occurs at the sea surface would result in a majority of the oil remaining at the sea
surface. Lighter compounds in the oil would evaporate and some components of the oil may dissolve in
the seawater. Evaporation removes the most toxic components of the oil, while dissolution may allow
bioavailability of hydrocarbons to marine organisms for a brief period of time (Lewis and Aurand, 1997).
The oil may also emulsify with water or adsorb to sediment particles and fall to the seafloor.

A spill that occurs below the sea surface (at the rig, along the riser between the seafloor and sea
surface, or through leak paths on the BOP/wellhead) would result in only a portion of the released oil
rising to the sea surface. All known reserves in the Gulf of Mexico have specific gravity characteristics
that would preclude oil from sinking immediately after release at a blowout site. As discussed in
Chapter 3.2.1.5.4, oil discharges that occur at the seafloor from a pipeline or loss of well control would
rise in the water column, surfacing almost directly over the source location, thus not impacting sensitive
benthic communities. If the leak is deep in the water column and the oil is ejected under pressure, oil
droplets may become entrained deep in the water column (Boehm and Fiest, 1982). The upward
movement of the oil may be reduced if methane in the oil is dissolved into the water column at high
underwater pressures, reducing the oil’s buoyancy (Adcroft et al., 2010). Large oil droplets will rise to
the sea surface, but the smaller droplets, formed by vigorous turbulence in the plume or the injection of
dispersants, may remain neutrally buoyant in the water column, creating a subsurface plume (Adcroft
etal., 2010). Oil droplets less than 100 pum (0.004 in) in diameter may remain in the water column for
several months (Joint Analysis Group, 2010a).

Impacts that may occur to benthic communities on live-bottom features as a result of a spill would
depend on the type of spill, distance from the spill, relief of the biological feature, and surrounding
physical characteristics of the environment (e.g., turbidity). The BOEM case-by-case review of OCS-
activity will help to prevent impacts to live-bottom habitats by distancing petroleum-producing activity
from habitat. The distance requirements from the habitat, however, are based on routine production
activity, and oil released during accidental events may reach the locations of live-bottom features.
However, unless dispersants are used, spilled oil would not be expected to mix into the water column
more than 10 m (33 ft) deep (Lange, 1985; McAuliffe et al., 1975 and 1981; Knap et al., 1985). As
described above, a majority of the oil released from a spill would rise to the sea surface, therefore
reducing impact to benthic communities by direct oil exposure. However, small droplets of oil that are
entrained in the water column for extended periods of time may migrate onto live-bottom habitat.
Although these small oil droplets will not sink themselves, they may attach to suspended particles in the
water column and then be deposited on the seafloor (McAuliffe et al., 1975). Exposure to subsea plumes,
dispersed oil, or sedimented oil may result in long-term impacts such as reduced recruitment success,
reduced growth, and reduced coral cover as a result of impaired recruitment. These impacts are discussed
in the following sections.

Surface Slicks and Physical Mixing

Surface oil slicks can spread over a large area; however, the majority of the slick is comprised of a
very thin surface layer of oil moved by winds and currents (Lewis and Aurand, 1997). Qil spills have the
potential to foul benthic communities and cause lethal or sublethal effects to organisms that the oil
contacts as it is moved over the sea surface. Low-relief, hard-bottom features may rise up to 4 m (13 ft)
from the seafloor (Schroeder et al., 1988; Schroeder, 2000). Live-bottom features more than 10 m (33 ft)
below the sea surface would be protected from contact with oil from surface slicks (Lange, 1985;
McAuliffe et al., 1975 and 1981a; Tkalich and Chan, 2002).
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Field data collected at the Atlantic entrance to the Panama Canal 2 months after a tanker spill has
shown that subtidal coral did not show measurable impacts from the oil spill, presumably because the
coral was far enough below the surface oil and the oil did not contact the coral (Rutzler and Sterrer,
1970). A similar result was reported from a Florida coral reef immediately following and 6 months after
a tanker discharged oil nearby (Chan, 1977). The lack of acute toxicity was again attributed to the fact
that the corals were completely submerged at the time of the spill and that calm conditions prevented the
oil from mixing into the water column (Chan, 1977).

Disturbance of the sea surface by storms can mix surface oil into the water column, but the effects are
generally limited to the upper 10 m (33 ft). Modeling exercises have indicated that oil may reach a depth
of 20 m (66 ft). Yet at this depth, the spilled oil would be at concentrations several orders of magnitude
lower than the amount shown to have an effect on marine organisms (Lange, 1985; McAuliffe et al., 1975
and 1981a; Tkalich and Chan, 2002). Therefore, the depth of offshore live-bottom features below the sea
surface should protect them from physical mixing of surface oil below the sea surface. Features in water
depths shallower than 10 m (33 ft) would be more susceptible to oil impacts. However, nearshore low-
relief live habitats are not located in lease blocks of a CPA proposed action, distancing them from
potential activities. If dispersants are used, they would enable oil to mix into the water column and
possibly impact organisms on the live-bottom features adjacent to a CPA proposed action. Dispersants
are discussed later in this section.

Subsurface Plumes

A subsurface oil spill or plume could reach a live-bottom feature and would have the potential to
damage the local biota contacted by oil. Such impacts on the biota may have severe and long-lasting
consequences, including loss of habitat, biodiversity, and live coverage; change in community structure;
and failed reproductive success. Such subsurface plumes are not expected under normal conditions unless
dispersants are used to cause oil to mix with the water.

Live-bottom (low-relief) features are protected from bottom-disturbing activity through site-specific
seafloor reviews that require activity to be distanced from live bottoms. This buffer zone, in turn, results
in petroleum-producing activities occurring away from low-relief features. In addition, live-bottom, low-
relief lease areas are excluded from a CPA proposed action. The distancing of petroleum-producing
activities from live-bottom features allows for several physical and biological changes to occur to the oil
before it reaches sensitive benthic organisms. Qil becomes diluted as it physically mixes with the
surrounding water. The longer and farther a subsea plume travels in the sea, the more dilute the oil will
be (Vandermeulen, 1982; Tkalich and Chan, 2002). In addition, microbial degradation of the oil occurs in
the water column, reducing toxicity (Hazen et al., 2010; McAuliffe et al., 1981b). Subsea oil plumes
transported by currents may not travel nearly as far as surface oil slicks because some oil droplets may
conglomerate and rise or may be blocked by fronts, as was observed in the southern Gulf of Mexico
during the Ixtoc spill (Boehm and Fiest, 1982). Should any of the oil come in contact with adult sessile
biota, effects would be primarily sublethal, as the oil may be diluted by physical and biological processes
by the time it reaches the features. Low-level exposure impacts may vary from chronic to temporary, or
even immeasurable.

Although the areas open for lease are distanced from a majority of the live-bottom (low-relief)
features, it is possible that low levels of oil transported in subsea plumes may reach benthic features.
Several studies have reported results for oil impacts on both hermatypic (reef-building) and ahermatypic
(nonreef-building) corals, both of which can be found on live-bottom (low-relief) features. Although not
all of the same species studied are present on low-relief, hard-bottom features, impacts are expected to be
similar. For example, coral feeding activity may be reduced if it is exposed to low levels of oil.
Experiments indicated that normal feeding activity of Porites porites and Madracis asperula were
reduced when exposed to 50 ppm oil (Lewis, 1971). Tentacle pulsation of an octocoral, Heteroxenia
fuscescens, has also been shown to decrease upon oil exposure, although recovery of normal pulsation
was observed 96 hours after the coral was removed from the oil (Cohen et al., 1977). Porites furcata
exposed to Marine Diesel and Bunker C oil reduced feeding and left their mouths open for much longer
than normal (Reimer, 1975).

Direct oil contact may result in coral tissue damage. Coral exposed to sublethal concentrations of oil
for 3 months revealed atrophy of muscle bundles and mucus cells (Peters et al., 1981). Porites furcata
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submersed in Bunker C oil for 1 minute resulted in 100 percent tissue death, although the effect took
114 days to occur (Reimer, 1975).

Reproductive ability may also be reduced if coral is exposed to oil. A hermatypic coral, Stylophora
pistillata, and an octocoral, Heteroxenia fuscescens, neither of which are present in the Gulf of Mexico,
but may show impacts similar to those that could occur in the Gulf, shed their larvae when exposed to oil
(Loya and Rinkevich, 1979; Rinkevich and Loya, 1977; Cohen et al., 1977). Undeveloped larvae in the
water column have a reduced chance of survival due to predation and oil exposure (Loya and Rinkevich,
1979), which would in turn reduce the ability of larval settlement and reef expansion or recovery. A
similar expulsion of gametes may occur in species that have external fertilization (Loya and Rinkevich,
1979), such as those at the Flower Garden Banks (Gittings et al., 1992c), which may then reduce gamete
survivorship due to oil exposure.

The overall ability of a coral colony to reproduce may be affected by oil exposure. Reefs of
Siderastrea siderea that were oiled in a spill produced smaller gonads than unoiled reefs, which resulted
in reproductive stress for the oiled reef (Guzman and Holst, 1993). Stylophora pistillata reefs exposed to
oil had fewer breeding colonies, reduced number of ovaria per polyp, and significantly reduced fecundity
compared with unoiled reefs (Rinkevich and Loya, 1977). Impaired development of reproductive tissue
has also been reported for other reef-building corals exposed to sublethal concentrations of oil (Peters et
al., 1981). Larvae may not be able to settle on substrate impacted by oil. Field experiments on
Stylophora pistillata showed reduced settlement rate of larvae on artificial substrates of oiled reefs
compared with control reefs and lower settlement rates, with increasing concentrations of oil in test
containers (Rinkevich and Loya, 1977). Impaired larval settlement as a result of oiled substrate may lead
to slow recovery of a disturbed substrate (CSA and GERG, 2001; MRRI, 1984; Montagna and Holmberg,
2000). Additionally, deeper habitats have slower rates of settlement, growth, and community
development, and recruitment rates are reportedly slow in some live-bottom habitats (Montagna and
Holmberg, 2000; CSA and GERG, 2001). It is possible that corals may not recruit to an oiled substrate
for 10 years (MRRI, 1984).

Any hermatypic corals present on shallower live-bottom habitats may experience photosynthetic and
growth impacts. Oil exposure is believed to reduce photosynthesis and growth in corals; however, low-
level exposures have produced counterintuitive and sometimes immeasurable results. Photosynthesis of
the zooxanthellae in Diplora strigosa exposed to approximately 18-20 ppm crude oil for 8 hours was not
measurably affected, although other experiments indicate that photosynthesis may be impaired at higher
concentrations (Cook and Knap, 1983). A longer exposure (24 hours) of 20 mL/L oil markedly reduced
photosynthesis in Stylophora pistillata; however, concentrations of 2.5 mL/L oil resulted in physiological
stress that caused a measurable increase in photosynthesis as compared with controls (Rinkevich and
Loya, 1983). Other impacts recorded include the degeneration and expulsion of photosynthetic
zooxanthellae upon coral exposure to oil (Loya and Rinkevich, 1979; Peters et al., 1981). Long-term
growth changes in Diploria strigosa that was exposed to oil concentrations up to 50 ppm for 6-24 hours
did not show any measurably reduced growth in the following year (Dodge et al., 1984).

Corals exposed to subsea oil plumes may also incorporate petroleum hydrocarbons into their tissue.
Records indicate that Siderastrea siderea, Diploria strigosa, Montastrea annularis, and Heteroxenia
fuscescens have accumulated oil from the water column and incorporated petroleum hydrocarbons into
their tissues (Burns and Knap, 1989; Knap et al., 1982; Kennedy et al., 1992; Cohen et al., 1977). Most
of the petroleum hydrocarbons were incorporated into the coral tissues, not their mucus (Knap et al.,
1982). However, hydrocarbon uptake may also modify lipid ratios of coral (Burns and Knap, 1989). If
lipid ratios are modified, mucus synthesis may be impacted, adversely affecting coral ability to protect
itself from oil through mucus production (Burns and Knap, 1989). While these species are not present in
the live-bottom (low-relief) areas of the Gulf of Mexico, similar effects may occur in live-bottom species.

Sublethal effects, although often hard to measure, could be long lasting and affect the resilience of
coral colonies to natural disturbances (e.g., elevated water temperature and diseases) (Cohen et al., 1977;
Jackson et al., 1989; Loya, 1976a). Continued exposure to oil from resuspended contaminated sediments
could also impact coral growth and recovery (Guzman et al., 1994). Any repetitive or long-term oil
exposure could inhibit coral larvae’s ability to settle and grow, may damage coral reproductive systems,
may cause acute toxicity to larvae, and may physically alter the reef interfering with larval settlement, all
of which would reduce coral recruitment to an impacted area (Kushmaro et al., 1997; Loya, 1975 and
1976a; Rinkevich and Loya, 1977). Exposure of eggs and larvae to oil in the water column may reduce
the success of a spawning event (Peters et al., 1997).
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Dispersed Oil

Chemically-dispersed oil from a surface slick is not anticipated to result in lethal exposures to
organisms on live-bottom features. The chemical dispersion of oil promotes the weathering process and
increases the surface area available for bacterial biodegradation. It also allows surface oil to penetrate to
greater depths than physical mixing would permit and the dispersed oil will generally remain below the
water’s surface (McAuliffe et al., 1981b; Lewis and Aurand, 1997). However, reports on 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, with 60 percent of the oil in the top 2 m (6 ft) (McAuliffe et al., 1981a). Dispersant usage
also reduces the oil’s ability to stick to particles in the water column, minimizing sedimented oil traveling
to the seafloor (McAuliffe et al., 1981a; Lewis and Aurand, 1997).

Field experiments designed to test dispersant use on oil spills reported dispersed oil concentrations
between 1 and 3 ppm, 9 m (30 ft) below the sea surface, approximately 1 hour after treatment with
dispersant (McAuliffe et al., 1981a and 1981b). Other studies indicated that dispersed oil concentrations
were <1 ppm, 10 m (33 ft) below the sea surface (Lewis and Aurand, 1997). The biological impacts that
may occur from dispersant usage are greatest within the first hour of application and occur primarily to
organisms living near the water’s surface (Guillen et al., 1999). The above data indicate that the mixing
depth of dispersed oil is less than the depths of the crests of most live-bottom features offshore, greatly
reducing the possibility of exposure to dispersed surface oil. Features nearshore, in less than 10 m (33 ft)
of water would be more susceptible to oil contact if oil reaches the area, but they are also farther from a
CPA proposed action; this reduces their chance of contact and, if contact did occur, the oil would have
had more time to weather and biodegrade before contact.

Any dispersed surface oil that may reach the benthic communities of live-bottom features in the Gulf
of Mexico would be expected to be at very low concentrations (less than 1 ppm) (McAuliffe et al.,
1981a). Such concentrations would not be life threatening to larval or adult stages based on experiments
conducted with coral (Lewis, 1971; Elgershuizen and De Kruijf, 1976; Knap, 1987; Wyers et al., 1986;
Cohen et al., 1977) and observations after oil spills (Jackson et al., 1989; Guzman et al., 1991). Any
dispersed oil in the water column that comes in contact with corals, however, may evoke short-term
negative responses by the organisms such as reduced feeding and photosynthesis or altered behavior
(Wyers et al., 1986; Cook and Knap, 1983; Dodge et al., 1984).

Dispersants that are used on oil below the sea surface can travel with currents through the water and
may contact benthic organisms on the live-bottom features. If the oil spill occurs close enough to a live-
bottom feature, the dispersed oil could be concentrated enough to harm the community. However, the
longer the oil remains suspended in the water column traveling with currents, the more dispersed it will
become, and the distance of the areas offered for a lease sale from these features increases the dispersion
factors. Weathering will also be accelerated and biological toxicity reduced with distance from the source
(McAuliffe et al., 1981b). Although the use of subsea dispersants is a new technique and very little data
are available on dispersion rates, it is anticipated that any oil that could reach live-bottom features will be
in low concentration based on surface slick dilution data (McAuliffe et al., 1981a; Lewis and Aurand,
1997). Impacts resulting from exposure to dispersed oil are generally anticipated to be sublethal.

The report of damage to deepwater corals on the continental slope (USDOI, BOEMRE, 2010j) as a
result of exposure to oil from the DWH may have resulted from the use of dispersant at the source of the
blowout. This situation was the first time dispersants were used subsea, and stratified density layers of
water allowed the oil plume to remain at depth instead of dispersing into the water column (Joint Analysis
Group, 2010a). It appears that a density-bounded plume eventually contacted the coral community. The
use of dispersants near protected features is left to the discretion of the Federal On-Scene Coordinator on
a case-by-case basis. For example, NOAA policy says that the application of dispersants must occur as
far as possible from the Flower Garden Banks (Gittings, 2006). There is, however, no written policy for
the application of dispersants near low-relief live bottoms. The BOEM considers it unlikely that
concentrated dispersants would be applied near low-relief features, but the decision on how and where to
use dispersants is outside of BOEM’s control.

Sublethal impacts that may occur to coral and other invertebrates exposed to dispersed oil may
include reduced feeding, reduced photosynthesis, reduced reproduction and growth, physical tissue
damage, and altered behavior. Short-term, sublethal responses of Diploria strigosa were reported after
exposure to dispersed oil at a concentration of 20 ppm for 24 hours (Knap et al., 1983; Wyers et al.,
1986). Although concentrations in this experiment were higher than what is anticipated for dispersed oil
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at depth, effects included mesenterial filament extrusion, extreme tissue contraction, tentacle retraction,
localized tissue rupture (Wyers et al., 1986), and a decline in tentacle expansion behavior (Knap et al.,
1983). Normal behavior resumed within 2 hours to 7 days after exposure (Wyers et al., 1986; Knap et al.,
1983). This coral, however, did not show indications of stress when exposed to 1 ppm and 5 ppm of
dispersed oil for 24 hours (Wyers et al., 1986). Diploria strigosa exposed to dispersed oil (20:1,
oil:dispersant) showed an 85 percent reduction in zooxanthellae photosynthesis after 8 hours of exposure
to the mixture (Cook and Knap, 1983). However, the response was sublethal, as recovery occurred
between 5 and 24 hours after exposure and return to clean seawater. Investigations 1 year after Diploria
strigosa was exposed to concentrations of dispersed oil between 1 and 50 ppm for periods between 6 and
24 hours did not reveal any impacts to growth (Dodge et al., 1984; Knap et al., 1983). It should be noted,
however, that subtle growth effects may have occurred but they were not measurable (Knap et al., 1983).
This type of short-term exposure is what is anticipated to be possible if live bottom-associated organisms
experience impacts from dispersed oil.

Historical studies indicate that dispersed oil appeared to be more toxic to coral species than oil or
dispersant alone. The greater toxicity may be a result of an increased number of oil droplets, resulting in
greater contact area between oil and water (Elgershuizen and De Kruijf, 1976). The dispersant causes a
higher water soluble fraction of oil contacting the cell membranes of the coral (Elgershuizen and
De Kruijf, 1976). The mucus produced by coral, however, can protect an organism from oil. Both hard
and soft corals have the ability to produce mucus; mucus production has been shown to increase when
corals are exposed to crude oil (Mitchell and Chet, 1975; Ducklow and Mitchell, 1979). Dispersed oil,
which has very small oil droplets, does not appear to adhere to coral mucus, and larger untreated oil
droplets may become trapped by the mucus barrier (Knap, 1987; Wyers et al., 1986). However,
entrapment of the larger oil droplets may increase long-term exposure to oil if the mucus is not shed in a
timely manner (Knap, 1987; Bak and Elgershuizen, 1976).

More recent field studies did not reveal as great an impact of dispersants on corals as were indicated
in historical toxicity tests (Yender and Michel, 2010). This difference in reported damage probably
resulted from a more realistic application of dispersants in an open field system and because newer
dispersants are less toxic than the older ones (Yender and Michel, 2010). Field studies have shown oil to
be dispersed to the part per billion level minutes to hours after the dispersant application, which is orders
of magnitude below the reasonable effects threshold of oil in the water column (20 ppm) measured in
some studies (McAuliffe, 1987; Shigenaka, 2001).

Although dispersed oil may be toxic to corals during some exposure experiments (Shafir et al., 2007;
Wyers et al., 1986; Cook and Knap, 1983), untreated oil may remain in the ecosystem for long periods of
time, while dispersed oil does not (Baca et al., 2005; Ward et al., 2003). The time of year and
surrounding ecosystem must be considered when determining if dispersants should be used. Dispersant
usage may result in reduced or shorter term impacts to coral reefs; however, it may increase the impacts
to other communities, such as mangroves (Ward et al., 2003). Therefore, dispersant usage may be more
applicable offshore than in coastal areas where other species may be impacted as well. Dispersants also
would probably not be approved during peak coral spawning periods (e.g., August-September for major
reef-building species) (Gittings et al., 1992c and 1994) in order to limit the impacts of oil pollution on the
near-surface portion of the water column.

Sedimented Oil (Oil Adsorbed to Sediment Particles)

Smaller suspended oil droplets could be carried to the seafloor as a result of oil droplets adhering to
suspended particles in the water column. Smaller particles have a greater affinity for oil (Lewis and
Aurand, 1997). Oil may also reach the seafloor through consumption by plankton with excretion
distributed over the seafloor (ITOPF, 2002). Oiled sediment that settles to the seafloor may affect
organisms attached to live-bottom features. It is anticipated that the greatest amount of sedimented oil
would occur close to the spill, with lesser concentrations farther from the source. Studies after a spill that
occurred at the Chevron Main Pass Block 41C Platform in the northern Gulf of Mexico revealed that the
highest concentrations of oil in the sediment were close to the platform and that the oil settled to the
seafloor within 5-10 mi (8-16 km) of the spill site (McAuliffe et al., 1975). Therefore, if the spill occurs
close to a live-bottom feature, the underlying benthic communities may be exposed to toxic hydrocarbons.
However, because BOEM policy prohibits bottom-disturbing activity on low-relief, live-bottom features
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and the fact that they are not included in the area to be offered in a CPA proposed action, these hard-
bottom communities should be distanced from the heaviest oiled sedimentation effects.

Some oiled particles may become widely dispersed as they travel with currents while they settle out
of suspension. Settling rates are determined by size and weight of the particle, salinity, and turbulent
mixing in the area (Poirier and Thiel, 1941; Bassin and Ichiye, 1977; Deleersnijder et al., 2006). Because
particles will have different sinking rates, the oiled particles would be dispersed over a large area, most
likely at sublethal or immeasurable levels. Studies conducted after the Ixtoc oil spill revealed that,
although oil was measured on particles in the water column, measurable petroleum levels were not found
in the underlying sediment (ERCO, 1982). Based on BOEMRE restrictions and the settling rates and
behavior of sedimented oil, the majority of organisms that may be exposed to sedimented oil are
anticipated to experience low-level concentrations.

Sublethal impacts to benthic organisms may include reduced recruitment success, reduced growth,
and reduced coral cover as a result of impaired recruitment. Experiments have shown that the presence of
oil on available substrate for larval coral settlement has inhibited larval metamorphosis and larval
settlement (Kushmaro et al., 1997). Crude oil concentrations as low as 0.1 ppm on substrate upon which
the coral larvae were to settle reduced larval metamorphosis occurrences by 50 percent after 8 days of
exposure. Qil concentrations of 100 ppm on substrates only resulted in 3.3 percent of the test population
metamorphosizing (Kushmaro et al., 1997). There was also an increased number of deformed polyps
after metamorphosis due to oil exposure (Kushmaro et al., 1997). It is also possible that recurring
exposure may occur to coral if sedimented oil is resuspended locally, possibly inhibiting coral growth and
recovery in the affected areas (Guzman et al., 1994). Oil stranded in sediment is reportedly persistent and
does not weather much (Hua, 1999), so coral may be repeatedly exposed to elevated concentrations of oil.

Adult coral, however, may be able to protect itself from low concentrations of sedimented oil through
mucus production. Coral mucus may not only act as a barrier to protect coral from the oil in the water
column, it has been shown to aid in the removal of oiled sediment on coral surfaces (Bak and
Elgershuizen, 1976). Coral may use a combination of increased mucus production and ciliary action to
rid themselves of oiled sediment (Bak and Elgershuizen, 1976).

Blowout and Sedimentation

Oil or gas well blowouts are possible occurrences in the OCS. Benthic communities exposed to large
amounts of resuspended sediments following a subsurface blowout could be subject to sediment
suffocation, exposure to toxic contaminants, and reduced light. Should oil or condensate be present in the
blowout flow, liquid hydrocarbons could be an added source of negative impact on the benthos.

Turbid waters allow less light penetrating to depth, which may result in reduced photosynthesis by the
symbiotic zooxanthellae that live in hermatypic coral tissue and by calcareous algae (Rogers, 1990).
Long-term exposures to turbidity have even resulted in significantly reduced skeletal extension rates in
the scleractinian coral Montastraea annularis (Torres, 2001; Dodge et al., 1974) and acute decrease in
calcification rates of Madracis mirabilis and Agaricia agaricites (Bak, 1978). The higher the
concentration of suspended sediment in the water column and the longer the sediment remains suspended,
the greater the impact.

Suspended sediment that is transported by currents in the water column may impact the benthic
organisms on live-bottom features. Low-relief features may experience deposition of sediment that settles
out of upper layers of the water column. Sediment deposition may smother benthic organisms, decreasing
gas exchange, increasing exposure to anaerobic sediment, reducing light intensity, and causing physical
abrasion (Wilber et al., 2005). Corals may experience reduced colony coverage, changes in species
diversity and dominance patterns, alterations in growth rates and forms, decreased calcification, decreased
photosynthesis, increased respiration, increased production in mucus, loss of zooxanthellae, lesions,
reduced recruitment, and mortality (Torres et al., 2001; Telesnicki and Goldberg, 1995). Coral larvae
settlement may also be inhibited in areas where sediment has covered available substrate (Rogers, 1990;
Goh and Lee, 2008). Gorgonian larvae, for example, only settle on substrate that does not have
accumulated sediment (Grigg, 1977).

Impacts to corals as a result of sedimentation would vary based on coral species, the height to which
the coral grows, degree of sedimentation, length of exposure, and the coral’s ability to clear the sediment.
Impacts may range from sublethal effects such as reduced growth, alteration in form, reduced recruitment
and productivity, and slower growth to death (Rogers, 1990).
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Corals have some ability to rid themselves of sediment through mucus production and ciliary action
(Marszalek, 1981; Bak and Elgershuizen, 1976; Telesnicki and Goldberg, 1995). Scleractinian corals are
tolerant of short-term sediment exposure and burial, but longer exposures may result in loss of
zooxanthellae, polyp swelling, increased mucus production, reduced coral growth, and reduced reef
development (Marszalek, 1981; Rice and Hunter, 1992). Bleached tissue as a result of sediment exposure
has been reported to recover in approximately a month (Wesseling et al., 1999).

Solitary octocorals and gorgonians, which are abundant on many hard-bottom features, are more
tolerant of sediment deposition than colony-forming scleractinian corals because the solitary species grow
erect and are flexible, reducing sediment accumulation and allowing easy removal (Marszalek, 1981;
Torres et al., 2001; Gittings et al., 1992a). Many of these organisms have even been observed to grow tall
enough to resist burial during periods of sediment encroachment (Lissner et al., 1991). Branching and
upright forms of scleractinian corals, such as Madracis mirabilis and Agaricia agaricites, also tend to be
more tolerant of sediment deposition than massive, plating, and encrusting forms, such as Porites
astreoides (Roy and Smith, 1971; Bak, 1978). Some of the more sediment-tolerant scleractinian species
in the Gulf of Mexico include Montastraea cavernosa, Siderastrea siderea, Siderastrea radians, and
Diploria strigosa (Torres et al., 2001; Acevedo et al., 1989; Loya, 1976b). Due to the influence of the
Mississippi River in the CPA, waters are more turbid near the outflow of the River, and more turbidity
tolerant species are present on live bottoms in this portion of the Gulf of Mexico. Because many of the
species are more tolerant of turbidity and sedimentation, they could better survive exposure to increased
sediment input that could result from an accidental event (Gittings et al., 1992a).

Since BOEM policy would preclude bottom-disturbing activity near a low-relief, live-bottom feature
and because the blocks that have these features are currently not for lease, most adverse effects on live-
bottom features from blowouts would likely be prevented. Petroleum-producing activities would be far
enough removed that heavy layers of sediment suspended as a result of a blowout should settle out of the
water column before they reach sensitive biological communities. Other particles that travel with currents
should become dispersed as they travel, reducing turbidity and depositional impacts.

Response Activity Impacts

Oil-spill-response activity may also impact sessile benthic features. Booms anchored to the seafloor
are sometimes used to control the movement of oil at the water surface. Boom anchors can physically
impact corals and other sessile benthic organisms, especially when booms are moved around by waves
(Tokotch, 2010). Vessel anchorage and decontamination stations set up during response efforts may also
break or kill hard-bottom features as a result of setting anchors. Anchor damage may result in the
crushing and breaking of hard bottoms and associated communities. It may also result in community
alteration through reduced or altered substrate cover, loss of sensitive species, and a reduction in coral
cover in heavily damaged areas (Dinsdale and Harriott, 2004). Anchoring often destroys a wide swath of
habitat by the anchor being dragged over the seafloor or by the vessel swinging at anchor, causing the
anchor chain to drag over the seafloor (Lissner et al., 1991). Damage to corals as a result of anchoring
may take 10 or more years to recover, depending on the extent of the damage (Fucik et al., 1984; Rogers
and Garrison, 2001). Nearby species on these hard-bottom habitats that disperse larvae short distances,
such as solitary species (cup corals, octocorals, and hydrocorals) may recolonize areas more rapidly than
slow-growing colonial forms that disperse larvae great distances (Lissner et al., 1991). Effort should be
made to keep vessel anchorage areas away from sensitive benthic features to minimize impact.

Drilling muds comprised primarily of barite may be pumped into a well to stop a blowout. If a “kill”
is not successful, the mud may be forced out of the well and deposited on the seafloor near the well site.
Any organisms beneath the extruded drilling mud would be buried. The BOEM conducts site-specific
reviews to determine if hard bottoms are located near proposed bottom-disturbing activity, and because
the areas with live bottoms are not currently offered for a lease sale, a well should be far enough away
from live-bottom features to prevent extruded drilling muds from smothering sensitive benthic
communities. However, if drilling muds were to travel far enough or high enough in the water column to
contact a hard-bottom community, the fluid may smother the existing community. Low-relief
communities would be more at risk for burial than the higher features in the GOM. Experiments indicate
that corals perish faster when buried beneath drilling mud than when buried beneath carbonate sediments
(Thompson, 1979). Turbidity impacts may result in reduced photosynthesis or reduced growth (Rogers,
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1990; Torres, 2001). Light layers of deposited sediment would most likely be removed by mucus and
ciliary action (Marszalek, 1981; Bak and Elgershuizen, 1976; Telesnicki and Goldberg, 1995).

Protection of Live-Bottom (Low-Relief) Communities

Although a Live Bottom (Low Relief) Stipulation would not be applied to a CPA lease sale (because
live-bottom [low-relief] blocks are not included in a CPA proposed action), BOEM will still be
conducting reviews of proposed OCS activities so that any live bottoms that could be impacted by the
proposed activity are protected. A BOEM seafloor review is designed to prevent routine petroleum-
producing activities from damaging the low-relief features. Under BOEM’s review, plans will be
reviewed on a case-by-case basis to determine whether a proposed operation could impact a live bottom.
If it is determined from site-specific information derived from BOEM studies, published information
from other research programs, geohazards survey information, or another source that the operation would
impact a live-bottom area, the operator may be required to relocate the proposed operation or conduct
additional mitigation measures.

Although BOEM’s case-by-case seafloor review will prevent routine bottom-disturbing activities
from impacting live-bottom features, some effects may occur to benthic organisms as a result of an oil
spill. Sublethal impacts may include exposure to low levels of oil, dispersed oil, or sedimented oil and
turbidity and sedimentation from disturbed sediments. Effects from these exposures may include reduced
growth, altered behavior, decreased community diversity, altered community composition, reduction in
coral cover, and reduced reproductive success. The severity of these impacts may be dependent on the
concentration and duration of exposure. If concentrated oil is carried to live-bottom habitats in a subsea
plume, severe lethal effects could result to localized community habitats (Dodge et al., 1984; Wyers et al.,
1986). Recovery could take 10 years or more (MRRI, 1984; Fucik et al., 1984; Rogers and Garrison,
2001).

Proposed Action Analysis

Accidental releases of oil could occur as a result of a CPA proposed action. Small spills (0-1.0 bbl)
would have the greatest number of occurrences (Table 3-12). Estimates of the number of small scale
releases as a result of a CPA proposed action range from ~930 to ~1,800 spills. These spills would be
small in volume and rapidly diluted by surrounding water. A larger-scale spill, >1,000 bbl, is very
unlikely, and based on historical spill rates and projected production for a CPA proposed action, up to one
spill of this volume may occur as a result of a CPA proposed action. If a large-scale release of oil were to
occur, impacts would be more widely spread.

The probability of surface water oiling occurring as a result of a CPA proposed action anywhere
between the shoreline and 300-m (984-ft) depth contour, which includes the shoreline to the 100-m
(328-ft) depth contour where live-bottom features are located, was estimated by the Bureau of Ocean
Energy Management’s OSRA model for spills >1,000 bbl. For surface waters of Alabama polygon, the
OSRA model estimated that probabilities of 2-5 percent and 4-7 percent after 10 and 30 days,
respectively, that a spill would occur and contact this area (Figure 3-24). For surface waters of the
Florida Panhandle polygon, the OSRA model estimated probabilities of 1 percent and 2-4 percent after
10 and 30 days, respectively, that a spill would occur and contact this area (Figure 3-24). For all other
regions of Florida, including the Florida Bend, Florida Southwest, and Florida Keys polygons, the
probability of a spill occurring and contacting these areas was no larger than 1 percent (Figure 3-24).

Probabilities of oil contacting the surface water above HAPC’s are all very low for regions, including
the Florida Middle Grounds, Madison-Swanson Marine Reserve, Tortugas North and South Ecological
Reserves, Pulley Ridge, and the Florida Keys National Marine Sanctuary (Figure 3-25). The probability
of a spill >1,000 bbl originating from a CPA proposed action and contacting these areas is at most
1 percent.

The BOEM blocks for which the Live Bottom (Low Relief) Stipulation applies are found in the EPA
in water depths of less than 100 m (328 ft) and are located in the northeastern portion of the CPA.
Although none of these blocks occur in an area to be offered by a CPA proposed action, a few of the
blocks are adjacent to the area to be offered and are protected from impacts by oil gas activity through
BOEM policies. Any impacting activity whose impacts could extend beyond the area to be offered by a
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CPA proposed action into a live-bottom (low-relief) area would be restricted from contacting those
sensitive habitats.

The fact that the live-bottom (low-relief) features do not coincide with the area to be offered by a
CPA proposed action and that they are widely dispersed, combined with the probable random nature of
any potential oil-spill locations, would serve to limit the extent of damage from any given oil spill to a
live-bottom (low-relief) community.

If a surface oil spill is mixed into the water column, the oil is not expected to penetrate below a depth
of about 10 m (33 ft). The limited depth of oil penetration into the water column shields the bottom
habitats from oil fouling. Also, the low probabilities of oil reaching the surface waters above these
features, based on the OSRA model, combined with the limited depth of mixing of surface oil to the
crests of these features, function to protect these features. However, the use of dispersants could result in
oil mixing into the water column and potentially reaching live-bottom (low-relief) communities.

Blowouts would not occur near live-bottom (low-relief) features since the habitats are not in the CPA
sale area. Furthermore, blowouts in blocks adjacent to live-bottom (low-relief) features are unlikely to
impact the biota because oil would rapidly float to the surface. Oil that is ejected under pressure may
produce tiny droplets that become entrained in the water column and that could possibly affect the live-
bottom (low-relief) communities. Sedimented oil would only reach a live-bottom (low-relief) community
if both the spill and the community are near the border of a CPA proposed action.

Potential impacts to the live-bottom (low-relief) communities adjacent to the CPA from oil spills and
blowouts are unlikely and are not expected to be significant. Chemical spills are also infrequent, of small
guantity, and usually occur in surface waters. The BOEM policies for live-bottom (low-relief) areas
would assist in preventing most of the potential impacts from oil and gas operations, including accidental
oil spills, blowouts, and chemical spills. No significant impacts to the live-bottom (low-relief) area
adjacent to a CPA proposed action are expected.

Summary and Conclusion

Live-bottom (low-relief) features represent a small fraction of the continental shelf area in the CPA.
The fact that the live-bottom features are widely dispersed, combined with the probable random nature of
oil-spill locations, serves to limit the extent of damage from any given oil spill to the live-bottom features.

The BOEM’s case-by-case review of the seafloor in areas where bottom-disturbing activities are
planned would prevent most of the potential impacts from oil and gas operations, including accidental oil
spills and blowouts, on the biota of live-bottom features by increasing the distance of such events from
the features. Also, note that none of the blocks with live bottoms are included in the area to be offered in
a CPA proposed action. However, operations that occur in blocks adjacent to live-bottom habitat may
affect live-bottom features. It would be expected though that the majority of oil would rise to the surface
and that the most heavily oiled sediments would likely be deposited before reaching the live-bottom
features.

The limited relief of many live-bottom features helps to protect them from surface oil spills. Because
the concentration of oil becomes diluted as it physically mixes with the surrounding water and as it moves
into the water column, any oil that might be driven to 10 m (33 ft) or deeper would probably be at
concentrations low enough to reduce impact to these features. Any features in water shallower than 10 m
(33 ft) would be located far from the source of activities in a CPA proposed action.

A subsurface spill or plume may impact sessile biota of live-bottom features. Qil or dispersed oil
may cause sublethal impacts to benthic organisms if a plume reaches these features. Impacts may include
loss of habitat, biodiversity, and live coverage; change in community structure; and failed reproductive
success. The distance of proposed activities from low-relief live bottoms provides considerable
protection for the habitats. The BOEM’s site-specific review of seafloor habitats during the review of
project plans would limit the potential impact of any activities that may approach low-relief habitats (such
as pipeline right-of-ways) because BOEM policy keeps the sources of such adverse events geographically
removed from the sensitive biological resources of live-bottom features. The distance would serve to
reduce turbidity and sedimentation, and any sedimented oil should be well dispersed, resulting in a light
layer of deposition that would have low toxicity and be easily removed by the organism. Many of these
organisms are located within the influence of the Mississippi River plume and are more tolerant of
turbidity and sedimentation, allowing them to withstand a degree of these impacts.
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The BOEM’s site review would assist in preventing most of the potential impacts on live-bottom
communities from blowouts, surface, and subsurface oil spills and the associated effects because BOEM
policy requires that bottom-disturbing activity be distanced from live-bottom features. In addition,
because no live-bottom (low-relief) blocks are included in a CPA proposed action, the live-bottom
features are distanced from oil-producing activity. Any contact with spilled oil would likely cause
sublethal effects to benthic organisms because the distance of activity would prevent contact with
concentrated oil. In the unlikely event that oil from a subsurface spill would reach the biota of a live-
bottom feature, the effects would be primarily sublethal and impacts would be at the community level.
Any turbidity, sedimentation, and sedimented oil would also be at low concentrations by the time the live-
bottom features were reached, resulting in sublethal impacts.

4.2.1.6.2.4. Cumulative Impacts

Background/Introduction

This cumulative analysis considers the effects of impact-producing factors related to a CPA proposed
action plus those related to prior and future OCS lease sales, and to tanker and other shipping operations
that may occur and adversely affect live bottoms of low-relief, hard-bottom areas. A description of
live-bottom (low-relief) areas is given in Chapter 4.2.1.6.2.1. Specific OCS-related, impact-producing
factors considered in the analysis are structure emplacement and removal, anchoring, discharges from
well drilling, produced waters, pipeline emplacement, oil spills, blowouts, and operational discharges.
Non-OCS-related impacts, including commercial fisheries, natural disturbances, anchoring by recreational
boats, and other non-OCS commercial vessels, as well as spillage from import tankering, all have the
potential to alter live bottoms, and they are discussed here as well.

Oil and gas activities from this action do not coincide with the live-bottom (low-relief) habitats that
are in the EPA and the northeast corner of the CPA; those blocks are excluded from a CPA proposed
action. Some of the areas leased as a result of a CPA proposed action could be adjacent to the sensitive
habitats at the extreme western edge of the habitat range. The BOEM conducts seafloor reviews of
proposed OCS activities prior to granting permits for seafloor-disturbing activity. The permit granted
following the site-specific review requires that the bottom-disturbing activity be distanced from the live-
bottom habitat to protect the organisms. However, BOEM’s seafloor reviews, stipulations, and
mitigations do not protect the resources from activities outside of BOEM’s jurisdiction (i.e., commercial
fishing, tanker and shipping operations, or recreational activities).

OCS Leasing-Related Impacts

Structure placement and anchor damage from support boats and ships, floating drilling units, and
pipeline-laying vessels that disturb areas of the seafloor are considered the greatest oil and gas OCS-
related threat to low-relief, hard-bottom areas. The size of the areas affected by chains associated with
anchors and pipeline-laying barges would depend on the water depth, chain length, sizes of anchor and
chain, method of placement, wind, and current (Lissner et al., 1991). Anchor damage could include
crushing and breaking of live bottoms and associated communities. It may also result in community
alteration through reduced or altered substrate cover, loss of sensitive species, and a reduction in coral
cover in heavily damaged areas (Dinsdale and Harriott, 2004). Anchoring often destroys a wide swath of
habitat by the anchor being dragged over the seafloor or by the vessel swinging at anchor, causing the
anchor chain to drag over the seafloor (Lissner et al., 1991). Damage to corals as a result of anchoring
may take 10 or more years to recover, depending on the extent of the damage (Fucik et al., 1984; Rogers
and Garrison, 2001). Nearby species on these hard-bottom habitats that disperse larvae short distances,
such as solitary species (cup corals, octocorals, and hydrocorals), may recolonize areas more rapidly than
slow-growing colonial forms that disperse larvae great distances (Lissner et al., 1991). Such anchoring
damage, however, should be minimized on live-bottom habitats since BOEM reviews OCS activity on a
case-by-case basis and does not allow bottom-disturbing activities to impact hard-bottom areas. Also, the
blocks that house the live-bottom (low-relief) habitat are not currently being offered in a CPA proposed
action.

Both explosive and nonexplosive structure-removal operations disturb the seafloor; however, they are
not expected to affect live-bottom (low-relief) communities because such communities are not in the area
to be offered in a CPA proposed action and because many sessile benthic organisms are known to resist
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the concussive force of structure-removal-type blasts (O’Keeffe and Young, 1984). Also, BSEE
regulations require charges to be detonated 5 m (15 ft) below the mudline and 0.9 seconds apart, which
would attenuate shock waves in the seafloor (Baxter et al., 1982).

Routine discharges of drilling muds and cuttings by oil and gas operations could affect biological
communities and organisms through a variety of mechanisms, including the smothering of organisms
through deposition or less obvious sublethal effects (impacts to growth and reproduction). The
live-bottom (low-relief) areas, however, are not in the area to be offered in a CPA proposed action and
any areas that may experience seafloor disturbance as part of OCS-related production will be reviewed by
BOEM for the presence of hard-bottom communities. Even though the additive effects of drilling several
wells adds more discharges to the environment, a CPA proposed action would be separated from the live-
bottom (low-relief) communities by distance.

Drilling muds quickly disperse upon release and most of the material is rapidly deposited on the
seafloor (Neff, 2005; Shinn et al., 1980; Hudson et al., 1982). The drilling fluid plume in the water
column has been measured to be only a few milligrams per liter above background sediment
concentrations 100 m (328 ft) from the discharge point, concentrations often less than those produced
during storms or from boat wakes (Shinn et al., 1980). Deposition of drilling muds and cuttings in low-
relief areas are not expected to greatly impact the biota of the surrounding habitat for four reasons. First,
the biota near a CPA proposed action that live on the low-relief, hard-bottom communities are adapted to
turbid conditions and storm impacts (Chiappone and Sullivan, 1994; Gittings et al., 1992a), reducing their
vulnerability to sedimentation. Second, BOEM policy does not allow the disturbance of low-relief, hard-
bottom communities and often requires bottom shunting of drilling material away from the sensitive
habitat or requires that it be transported to approved disposal sites. Third, USEPA discharge regulations
and permits would further reduce discharge-related impacts. Fourth, the blocks containing low-relief
habitats are not currently being offered for lease. Any exposure that may occur from muds and cuttings
discharged as a result of the cumulative scenario would be temporary, primarily sublethal in nature, and
the effects would be limited to small areas.

Produced waters from petroleum operations are not likely to have a great impact on live bottoms.
Produced waters are rapidly diluted, acute impacts are generally only observed within proximity of the
discharge point, and acute toxicity that may result from produced waters occurs “within the immediate
mixing zone around a production platform” (Gittings et al., 1992b; Holdway, 2002). Also, USEPA’s
general NPDES permit restrictions on the discharge of produced water, which require the effluent
concentration 100 m (328 ft) from the outfall to be less than the 7-day “no observable effect
concentration” based on laboratory exposures (Smith et al., 1994).

Since the low-relief live bottoms are not included in the area to be offered in a CPA proposed action
and because of BOEM’s site-specific seafloor review and possible site-specific mitigations, operators are
not expected to place pipelines directly upon live-bottom communities. The effect of pipeline-laying
activities on the biota of these communities would be restricted to the resuspension of sediments, possibly
causing obstruction of filter-feeding mechanisms of sedentary organisms and gills of fishes. Adverse
impacts from resuspended sediments would be temporary, primarily sublethal in nature, and the effects
would be limited to small areas. Impacts 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).

Because the low-relief live bottoms are not included in the area to be offered in a CPA proposed
action and because of the other BOEM protection policies, hard-bottom communities would be protected
from experiencing direct oiling as a result of a blowout as bottom-disturbing activities are not permitted to
impact these communities. However, surface oil spills and dispersed oil may impact hard-bottom
communities. Disturbance of the sea surface by storms can mix surface oil 10-20 m (33-66 ft) into the
water column (Lange, 1985; McAuliffe et al., 1975 and 1981a; Tkalich and Chan, 2002). This may result
in direct oil contact for shallow, nearshore live-bottom communities. Direct oiling may result in lethal
impacts to organisms or sublethal responses such as reduced feeding (Lewis, 1971; Cohen et al., 1977;
Reimer, 1975), tissue damage (Peters et al., 1981; Reimer, 1975), decreased reproductive ability (Loya
and Rinkevich, 1979; Rinkevich and Loya, 1977; Cohen et al., 1977; Guzman and Holst, 1993), reduced
photosynthesis (Cook and Knap, 1983; Rinkevich and Loya, 1983; Loya and Rinkevich, 1979; Peters
etal., 1981), incorporation of petroleum hydrocarbons into their tissue (Burns and Knap, 1989; Knap
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et al., 1982; Kennedy et al., 1992; Cohen et al., 1977), and reduced community resilience (Jackson et al.,
1989; Loya, 1976a).

Live-bottom (low-relief) communities farther offshore (out to 100 m [328 ft]), would be protected
from direct physical oil contact by depth below the sea surface due to their depth below the water’s
surface and oil’s limited depth of mixing. Any dispersed surface oil from a tanker or rig spill that may
reach the benthic communities of low-relief features in the Gulf of Mexico at a depth greater than 10 m
(33 ft) would be expected to be at very low concentrations (less than 1 ppm) (McAuliffe et al., 1981a and
1981b; Lewis and Aurand, 1997). Such concentrations would not be life threatening to larval or adult
stages, based on experiments conducted with coral (Lewis, 1971; Elgershuizen and De Kruijf, 1976;
Knap, 1987; Wyers et al., 1986; Cohen et al., 1977) and observations after oil spills (Jackson et al., 1989;
Guzmén et al., 1991). Any dispersed or physically mixed oil in the water column that comes in contact
with corals, however, may evoke short-term negative responses by the organisms, such as reduced
feeding and photosynthesis or altered behavior (Wyers et al., 1986; Cook and Knap, 1983; Dodge et al.,
1984).

Potential blowouts are unlikely to impact the biota of the live-bottom (low-relief) features because
they are not in the area to be offered in a CPA proposed action and because of BOEM policy that does not
allow drilling in areas of low-relief, hard-bottom communities. Therefore, these sensitive habitats are
distanced from the potential lethal impacts of a blowout. If any blowouts from wells did occur, the
suspended sediments should settle out of the water column before a majority of the material reached low-
relief habitats. Any oil that becomes entrained in a subsurface plume will be dispersed as it travels in the
water column (Vandermuelen, 1982; Tkalich and Chan, 2002). If oil were to contact the live-bottom
features, concentrations should be sublethal, and the impacts may include loss of habitat, biodiversity, and
live coverage; change in community structure; and failed reproductive success. In the highly unlikely
event that oil from a subsurface spill could reach a coral-covered area in lethal concentrations, the
recovery of this area could take in excess of 10 years (Fucik et al., 1984).

The greatest impact from an oil spill could result from dispersed oil trapped in stratified layers of
water, such as that which occurred during the DWH event. A recent report documents damage to a
deepwater coral community 11 km (7 mi) southwest of the DWH event (USDOI, BOEMRE, 2010j) at a
depth where a dispersed plume of oil was trapped in a stratified water layer (OSAT, 2010). A probable
explanation for the detrimental impacts to corals is that the coral community forms structures that
protrude up into the water column that would be affected by a passing oil plume. The DWH event was
the first usage of subsea dispersants, but if subsea dispersants are ever applied on the continental shelf, a
similar occurrence may happen. A stratified nepheloid (turbid) layer exists near the seafloor and rises to
20 m (66 ft) from the seafloor, and if a dispersant is used in that layer near a live bottom, dispersed oil
could affect the sensitive communities. But as stated above, the use of dispersants near protected features
is left to the discretion of the Federal On-Scene Coordinator on a case-by-case basis. Also, NOAA'’s
policy requests that dispersants be applied as far as possible from the Flower Gardens National Marine
Sanctuary, and although there is no policy to protect the live bottoms from dispersant usage, similar
requests may be made. The BOEM considers it unlikely that concentrated dispersants would be applied
near live-bottom (low-relief) features, but the decision on how and where to use dispersants is outside of
BOEM'’s control.

As noted in the description of the affected environment above, limited data are currently available on
potential impacts of the DWH event on live-bottom (low-relief) features in the CPA. This incomplete or
unavailable information may be relevant to reasonably foreseeable significant impacts to live-bottom
(low-relief) features. The BOEM has determined that this incomplete or unavailable information may be
essential to a reasoned choice among alternatives. Relevant data on the status of live-bottom (low-relief)
features after the DWH event, however, may take years to acquire and analyze. Much of this data is
being developed through the NRDA process, which is expected to take years to complete. Little data
from the NRDA process have been made available to date. Therefore, it is not possible for BOEM to
obtain this information within the timeframe contemplated by this NEPA analysis, regardless of the cost
or resources needed. In the place of this incomplete or unavailable information, as noted above, BOEM
subject-matter experts have used available scientifically credible evidence in this analysis and applied it
using accepted scientific methods and approaches.

The cumulative impact of possible oil spills, along with the DWH event, is not anticipated to affect
the overall live-bottom (low-relief) habitat. The BOEM policy would not allow wells to be drilled in the
habitats and currently the locations of these habitats are not being offered for lease. These two factors
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separate the habitat from the worst of the sediment deposition of a blowout and allow most of the oil to
rise to the sea surface without contacting live-bottom features. If oil is released near a live-bottom feature
and concentrated or dispersed oil is entrained in the water column, it could contact nearby low-relief
habitats with serious detrimental effects. Habitats receiving high concentrations of oil could take 10 or
more years to recover (Fucik et al., 1984). However, since subsea plumes travel directionally with water
currents, only low-relief habitats directly in the path of the plume would be affected. Therefore, the acute
impacts of any large-scale blowout would likely be limited in scale, and any additive impacts of several
blowouts should only impact small areas on an acute level, with possible sublethal impacts occurring over
a larger area.

Non-OCS Leasing Impacts

Although BOEM policy prohibits bottom-disturbing activities for OCS-related construction, these
regulations do not apply to non-OCS-related activity. Severe and permanent physical damage may occur
to low-relief features and the associated live bottoms as a result of non-OCS activities. It is assumed
those biota associated with live bottoms of the CPA are well adapted to natural disturbances such as
turbidity and storms; however, human disturbance could cause severe damage to live-bottom biota,
possibly leading to changes of physical integrity, species diversity, or biological productivity. If such
events were to occur, recovery to pre-impact conditions could take as much as 10 years (Fucik et al.,
1984).

Non-OCS activities have a greater potential to affect the hard-bottom communities of the region than
BOEM-regulated activities. Natural events such as storms, extreme weather, and fluctuations of
environmental conditions (e.g., nutrient pulses, low dissolved oxygen levels, seawater temperature
minima, and seasonal algal blooms) may impact live-bottom communities. Live-bottom (low-relief)
communities occur from the shoreline to 100 m (328 ft) of water and, because many of these features are
located in shallow water, storm events may damage these environments. Currents are created by wave
action that can resuspend sediments to produce added turbidity and sedimentation (Brooks, 1991; CSA,
1992b).  Storms can physically affect shallow-bottom environments, causing an increase in
sedimentation, burial of organisms by sediment, a rapid change in salinity or dissolved oxygen levels,
storm surge scouring, remobilization of contaminants in the sediment, and abrasion and clogging of gills
as a result of turbidity (Engle et al., 2008). Storms have also been shown to uproot benthic organisms
from the sediment (Dobbs and Vozarik, 1983) and breakage or detachment may occur as a result of storm
activity (Yoshioka and Yoshioka, 1987). Such impacts may be devastating to a benthic community.

Hypoxic conditions of inconsistent intensities and ranges also occur annually in a band that stretches
along the Louisiana-Texas shelf each summer (Rabalais et al., 2002a). The dissolved oxygen levels of
bottom waters in the Gulf of Mexico hypoxic zone are less than 2 ppm during part of the summer season.
Such low concentrations are lethal to many benthic organisms and may result in the loss of some benthic
populations. Although this is mainly a character of the Louisiana-Texas shelf, its effect could reach some
live-bottom (low-relief) communities in the northeast portion of the CPA.

Recreational boating, fishing, and import tankering may severely impact local areas of live-bottom
communities. Ships anchoring near major shipping fairways of the CPA or EPA may occasionally impact
sensitive areas located near these fairways. Recreational and commercial fishermen also take advantage
of the relatively shallow and easily accessible resources of the region and anchor at hard-bottom locations
to fish. Much of the fishing on these habitats uses bottom fishing gear that may damage benthic
organisms or may snag on the reefs and be lost. Such gear, particularly lines of varying thickness, can cut
into the tissues of many benthic organisms during storm movement of bottom waters.

Damage resulting from commercial fishing, especially bottom trawling, may have a severe impact on
hard-bottom benthic communities. Bottom trawling in the Gulf of Mexico primarily targets shrimp from
nearshore waters to depths of approximately 90 m (300 ft) (NRC, 2002). Although trawlers would not
select areas with sharp relief as fishing ground, since rocky areas may entangle gear, many live-bottom
areas have little or no relief and may be targeted by trawlers. Reports indicate that bottom trawling
activity on hard-bottom substrates can overturn boulders and destroy epifaunal organisms (Freese et al.,
1999). Large emergent sponges and anthozoans may be particularly vulnerable to trawling activity, as
these organisms grow above the substrate and can be caught and removed by trawling activity (Freese
etal., 1999). Recovery rates of corals and coralline algae may take decades and depend on the extent of
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the impact, frequency of disturbance, other natural changes that occur to the habitat, and the organism’s
life history (NRC, 2002).

Summary and Conclusion

Non-OCS activities that may occur in the vicinity of the low-relief, hard-bottom communities include
boating and fishing, import tankering, fishing and trawling, and natural events such as extreme weather
conditions, and extreme fluctuations of environmental conditions. These activities could cause damage to
the low-relief, hard-bottom communities. Occasionally, ships using fairways in the vicinity of
communities anchor in the general area of live bottoms and commercial and recreational fishermen take
advantage of the relatively shallow and easily accessible resources of regional hard bottoms. These
activities could lead to instances of severe and permanent physical damage. During severe storms, such
as hurricanes, large waves may reach deep enough to stir bottom sediments, which could cause severe
mechanical damage to organisms, including abrasion from suspended sand, bruising and crushing from
tumbling rocks, and complete removal of organisms (Brooks, 1991; CSA, 1992b). Yearly hypoxic events
may affect portions of live-bottom benthic populations in the northeast part of the CPA (Rabalais et al.,
2002a).

Possible impacts from routine activities of OCS oil and gas operations include anchoring, structure
emplacement and removal, pipeline emplacement, drilling discharges, and discharges of produced waters.
In addition, accidental subsea oil spills or blowouts associated with OCS activities can cause damage to
low-relief, hard-bottom communities. Impacts from these factors should be minimized based on BOEM’s
policy and case-by-case review of proposed OCS activity and the fact that live-bottom (low-relief) blocks
are not currently offered for lease. The physical distance between any routine OCS activity and
accidental spill would minimize any possible impacts from the activity. The impact to the live-bottom
resource as a whole is expected to be minimal because of the distance of any OCS-related activity from
these habitats.

The incremental contribution of a CPA proposed action to the cumulative impact is expected to be
minimal, with possible impacts from physical disturbance of the bottom, discharges of drilling muds and
cuttings, other OCS discharges, structure removals, and oil spills. Negative impacts should be restricted
by site-specific BOEM seafloor review, the fact BOEM is not currently offering the low-relief habitats for
lease, and the distance of live-bottom habitats from the source of most OCS-related impacts.

4.2.1.7. Topographic Features

The BOEM has protected topographic features that support sensitive benthic communities since the
early 1970’s. The Gulf of Mexico seafloor in the CPA is mostly mud bottoms with varying mixtures of
sand in some areas. Due to periods of lower sea level in geologic history, a thick layer of salt is present in
a stratum deep beneath the seafloor. This salt becomes liquid under high pressure and pushes its way up
through faults in the seafloor. In doing so, it sometimes forces up rock strata to form a “salt diapir”
protruding up above the surrounding soft-bottom seafloor. Wherever these upthrusts of rock protrude into
the water column, they form a rock reef that may support reef organisms that are different from those on
typical soft bottoms. These reefs are relatively rare on the seafloor compared with the ubiquitous soft
bottoms (Parker et al., 1983). These topographic highs, or subsea banks, provide an island of hard
substrate in a virtual ocean of soft bottoms. As a result, reef communities develop and include many of
the more sensitive species associated with Caribbean waters.

“Topographic features” is a term that specifically refers to 37 subsea banks in the GOM that are
protected from potential impacts by oil and gas activities. They are defined in this Agency’s
NTL 2009-G39, “Biologically-Sensitive Underwater Features and Areas,” as “isolated areas of moderate
to high relief that provide habitat for hard-bottom communities of high biomass and diversity and large
numbers of plant and animal species, and support, either as shelter or food, large numbers of
commercially and recreationally important fishes.”

Over time, knowledge of these communities has increased and protective measures have evolved.
This Agency has conducted environmental studies in the GOM for the past 35 years. Protective measures
were instituted based on the nature and sensitivity of bank habitats and their associated communities.
These protections have developed into stipulations applied to OCS leases. The lease stipulations establish
five categories of protection zones: No Activity Zone; 1,000-Meter Zone; 1-Mile Zone; 3-Mile Zone; and
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the 4-Mile Zone. The No Activity Zone surrounds the core of the bank and prohibits any contact with the
seafloor. The other zones are buffers with restrictions on the discharge of drill cuttings. All 37 banks
have the No Activity Zone and may have up to two of the other zones. Details of the restrictions are
described in this Agency’s NTL 2009-G39. The Biological Stipulation Map Package
(http://boem.gov/Regulations/Notices-To-L essees/Notices-to-Lessees-and-Operators.aspx) includes
drawings of each bank with associated protection zones.

The BOEM has examined the topographic features based on the information presented below.
Results of searches that were conducted for available data indicating the impacts to topographic features
as a result of the DWH event have also been included in this assessment. Full analyses of the potential
impacts of routine activities, accidental events, and cumulative impacts associated with a CPA proposed
action are presented in this EIS.

4.2.1.7.1. Description of the Affected Environment

Topographic features are hard-bottom habitats and are rare compared with the ubiquitous soft bottoms
in the GOM (Parker et al., 1983). They are typically upthrusts of rock due to uplift (salt diapirs) by
underlying layers of salt deep under the seafloor. These topographic highs, or subsea banks, provide an
island of hard substrate in a virtual ocean of soft bottoms.

Wherever rock protrudes up into the water column, reef organisms may thrive. The type of
organisms inhabiting a reef is determined by environmental conditions. Major factors are the amount of
light and sedimentation and the temperature. If conditions are very good, a coral reef is established; this
is found in the WPA only at the Flower Garden Banks. Other reefs (rocky upthrusts) are too deep in the
water (causing too dark of an environment) or have too much sedimentation for hermatypic (reef-
building) corals to thrive in numbers adequate to build a coral reef. However, these deeper reefs have
thriving communities that include some stony corals as well as gorgonians, black corals, soft corals,
sponges, urchins, crabs, many other invertebrates, macroalgae, calcareous algae, and a healthy fish
community. The characteristics of protected topographic features in the GOM are described in more
detail below.

The habitat created by the topographic features and the organisms found upon them is important for
the following reasons:

e they support hard-bottom communities of high biomass, high diversity, and high
numbers of plant and animal species;

o they provide shelter, food, and nursery grounds that support large numbers of
commercially and recreationally important fishes;

e they are a unique and valuable component of the much larger ecosystem, providing
essential functions not available elsewhere;

e they provide a relatively pristine area suitable for scientific research (especially the
East and West Flower Garden Banks); and

o they have an aesthetically intrinsic value.

Figure 4-5 depicts the location of 37 protected topographic features in the GOM; 21 in the WPA and
16 in the CPA. In 1998, USGS, in cooperation with BOEM and the Flower Garden Banks National
Marine Sanctuary, surveyed the East and West Flower Garden Banks using high-resolution, multibeam
mapping techniques (Gardner et al., 1998). In 2002, the same consortium mapped 12 more topographic
features, including Rankin (1 and 2) and MacNeil Banks in the WPA; and Alderdice, Sonnier, Geyer,
Bright, Jakkula, Bouma, McGrail, Rezak, and Sidner Banks in the CPA (Gardner et al., 2002).

A total of 16 topographic features are protected in the CPA. This Agency has created No Activity
Zones around major topographic features in order to protect these habitats from disruption due to oil and
gas activities. A No Activity Zone is a protective perimeter associated with a specific depth contour that
is drawn around each feature; no contact with the seafloor is allowed including the placement of
structures, drilling rigs, pipelines, anchoring and cables. These No Activity Zones are areas protected by
BOEM policy. In addition, based on EFH programmatic consultation with NMFS, NTL 2009-G39 also
recommends that drilling would not occur within 152 m (500 ft) of a No Activity Zone of a topographic
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feature. Any construction within the buffer would require project-specific EFH consultation with NMFS,
which could extend the time necessary to complete BOEM'’s review of the project application.

The surveys conducted by Gardner et al. (1998 and 2002) revealed complex bathymetry in some areas
surrounding the banks outside the No Activity Zones. Small seafloor features of moderate to high relief
(8 ft [2.4 m] or higher) outside of the No Activity Zones of the larger banks are called “potentially
sensitive biological features” and are considered important fish habitat. The potentially sensitive
biological features provide surface area for the growth of sessile invertebrates and attract large numbers
of fish. They are protected by BOEM from impacts of oil and gas activities as described by NTL
2009-G39 in that no bottom-disturbing activities may cause impacts to potentially sensitive biological
features.

Benthic organisms on these topographic features are mainly limited by temperature, sedimentation,
and light. Extreme water temperature and light intensity are known to stress corals. Temperatures lower
than 16 °C (60.8 °F) reduce coral growth, while temperatures in excess of 34.4 °C (93.2 °F) impede coral
growth and induce coral bleaching (loss of symbiotic zooxanthellae) (Kleypas et al., 1999a). While
intertidal corals are adapted to high light intensity, most corals become stressed when exposed to
unusually high light levels. Furthermore, although corals will grow or survive under low light level
conditions, they do best submerged in clear, nutrient-poor waters (Kleypas et al., 1999a).

Light penetration in the Gulf is limited by several factors including depth and events of prolonged
turbidity. Hard substrates favorable to colonization by hermatypic coral communities in the northern Gulf
are found on outer shelf, high-relief features. These substrates protrude above the nepheloid layer (layer
of high turbidity) that lies above the muddy seafloor and are bathed most of the year in nutrient-poor
waters (Rezak et al., 1990). The depth of these banks (18 m [59 ft] or more below the sea surface)
reduces the effects of storms on the habitats. Whereas typical Caribbean shore reefs can suffer extensive
damage from tropical storms, only the strongest storms reach down to reefs in the GOM. The most
common influence of strong storms on these banks is an increase in turbidity, generally at the lower levels
of the banks (Rezak et al., 1990). Turbidity and sedimentation are normal in these lower levels because
of the nepheloid layer and normal resuspension of soft bottom sediments.

Gulf of Mexico reefs span a range of environments, resulting in a range of community types.
Habitats that can be classified as true coral reefs are few in the northern GOM: limited to the East and
West Flower Garden Banks, a small area of McGrail Bank, and part of Pulley Ridge (in the eastern
GOM). Other banks support reef communities with varying degrees of diversity, depending on
environmental conditions. Many of these harbor a variety of corals, including some hermatypic corals,
but not in densities that build a thriving, accreting coral reef. The banks of the GOM have been identified
and classified into seven distinct biotic zones (Table 4-4) (modified/from Rezak and Bright, 1981; Rezak
et al., 1983); however, none of the banks contain all seven zones. The zones are divided into the
following four categories depending upon the degree of reef-building activity in each zone.

Zones of Major Reef Building and Primary Production

Diploria-Montastraea-Porites Zone

This zone is characterized by 18-20 hermatypic coral species and is only found at the East and West
Flower Garden Banks in the WPA in water depths less than 36 m (118 ft) (Rezak et al., 1990). The most
abundant species of the zone in order of dominance are the Montastraea annularis complex (this group
includes M. franksi, M. faveolata, and M. annularis), Diploria strigosa, Porites astreoides, and
Montastraea cavernosa (Precht et al., 2008; Robbart et al., 2009). Coralline algae are abundant in areas,
which adds substantial amounts of calcium carbonate to the substrate and serves to cement the reef
together. In addition to the coralline algae, there is a considerable amount of bare reef rock, which
fluctuates in percent cover with the appearance of a red-turf like algae.

Typical sport and commercial fish and invertebrates observed in this zone include various grouper
species; amberjack; barracuda; red, gray, and vermilion shapper; cottonwick; porgy; spiny lobsters; and
shovel-nosed lobster (Rezak et al., 1983). There is also a diverse group of tropical reef fish species found
on these banks, including creole fish; queen, stoplight, red band, and princess parrot fish; rock beauty;
blue tang, and the whitespotted filefish, just to name a few. There are over 175 tropical reef species that
reside within the high-diversity zone at the Flower Garden Banks (Dennis and Bright, 1988; Pattengill,
1998).
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Madracis and Fleshy Algal Zone

The Madracis Zone is dominated by the small branching coral Madracis mirabilis, which produces
large amounts of carbonate sediment (Rezak et al., 1990). In places, large (possibly ephemeral)
populations of turf-like algae dominate the Madracis gravel substratum (Algal Zone). The Madracis
Zone appears to have a successional relationship with the Diploria-Montastraea-Porites Zone. Madracis
colony rubble builds up the substrate and allows the successional species to grow (Rezak et al., 1983).
The zone occurs at the East and West Flower Garden Banks on peripheral components of the main reef
structure between 28 and 46 m (92 and 151 ft) (Rezak et al., 1990).

Stephanocoenia-Millepora Zone

The Stephanocoenia-Millepora Zone is inhabited by a low-diversity coral assemblage of
12 hermatypic corals and can be found at McGrail, and Bright Banks in the CPA. The eight most
conspicuous corals in order of dominance are Stephanocoenia michelini, Millepora alcicornis,
Montastraea cavernosa, Colpophyllia natans, Diploria strigosa, Agaricia agaricites, Mussa angulosa,
and Scolymia cubensis (Rezak et al., 1983). The assemblages associated with this zone are not well
known; coralline algae is the dominant organism in the zone. The American thorny oyster (Spondylus
americanus) is common in this zone along with populations of some reef fish (Rezak et al., 1983). The
depth range of this zone is between 36 and 52 m (118 and 171 ft) (Rezak et al., 1990).

Algal-Sponge Zone

The Algal-Sponge Zone covers the largest area among the reef-building zones. Sonnier, McGrail,
Geyer, and Bright banks all exhibit this community. The dominant organisms of the zone are the
coralline algae, which are the most important carbonate producers. The algae produce nodules called
“rhodoliths,” which are composed of over 50 percent coralline algae, and form large beds on the seafloor.
The rhodoliths range from 1 to 10 cm (0.4 to 4 in) in size, cover 50-80 percent of the bottom, and
generally occur in water depths between 55 and 85 m (180 and 280 ft) (Rezak et al., 1983). The habitat
created by the alga nodules supports communities that are probably as diverse as the coral-reef
communities. Most of the leafy algae found on the banks occur in this zone and contribute large amounts
of food to the surrounding communities. Calcareous green algae (Halimeda and Udotea) and several
species of hermatypic corals are major contributors to the substrate (Rezak et al., 1983). Deepwater
alcyonarians are abundant in the lower Algal-Sponge Zone. Sponges, especially Neofibularia
nolitangere, are conspicuous. Echinoderms are abundant and also add to the carbonate substrate. Small
gastropods and pelecypods are abundant (Rezak et al., 1983). Gastropod shells are known to form the
center of some of the algal nodules. Characteristic fish of the zone are yellowtail reef fish, sand tilefish,
cherubfish, and orangeback bass (Rezak et al., 1983).

Partly drowned reefs are a major substrate of the Algal-Sponge Zone. They are shallow carbonate
reefs that are outpaced by sea-level rise and subsidence (Schlager, 1981). Their accumulation of
carbonate is slower than relative sea-level rise so that, over time, they are found deeper and deeper in the
water until they are no longer an accreting coral reef. In addition to the organisms typical to the rest of
the Algal-Sponge Zone, the partly drowned reefs are also inhabited by large anemones, large comatulid
crinoids, basket stars, limited crusts of Millepora, and infrequent small colonies of other hermatypic
species (Rezak et al., 1983). The relief and habitat provided by the carbonate structures also attract a
variety of fish species, especially yellowtail reef fish, reef butterfly fish, spotfin hogfish, orangeback bass,
cherubfish, wrasse bass, longjaw squirrelfish, and several grouper species (Dennis and Bright, 1988).

Zone of Minor Reef Building
Millepora-Sponge Zone

The Millepora-Sponge Zone occupies depths comparable to the Diploria-Montastraea-Porites Zone
on the claystone-siltstone substrate of the Texas-Louisiana midshelf banks. Sonnier Bank exhibits this
community between 18 and 52 m (Robbart et al., 2009). One shelf-edge carbonate bank, Geyer Bank,
also exhibits the zone but only on a bedrock prominence. Crusts of the hydrozoan coral, Millepora
alcicornis, sponges, and other epifauna occupy the tops of siltstone, claystone, or sandstone outcrops in
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this zone. Scleractinian corals and coralline algae are rarely observed, largely due to seasonal
temperatures that drop below the 18 °C (64 °F) minimum requirement for vigorous coral reef growth
(Rezak et al., 1990).

Transitional Zone of Minor to Negligible Reef Building

Antipatharian Zone

This transitional zone is not distinct but blends in with the lower Algal-Sponge Zone. It is
characterized by an abundance of antipatharian whips growing with the algal-sponge assemblage (Rezak
et al., 1983). With increased water depth, the assemblages of the zone become less diverse, characterized
by antipatharians, comatulid crinoids, few leafy or coralline algae, and limited fish (yellowtail redfish,
gueen angelfish, blue angelfish, and spotfin hogfish). Again, the depth of this zone differs at the various
banks but generally extends to 90-100 m (295-328 ft) (Rezak et al., 1990).

Zone of No Reef Building

Nepheloid Zone

High turbidity, sedimentation, and resuspension occur in this zone. Rocks or drowned reefs are
covered with a thin veneer of sediment and epifauna are scarce. The most noticeable are comatulid
crinoids, octocoral whips and fans, antipatharians, encrusting sponges, and solitary ahermatypic corals
(Rezak et al., 1990). The fish fauna is different and less diverse than those of the coral reefs or partly
drowned reefs. These fish species include red snapper, Spanish flag, snowy grouper, bank butterflyfish,
scorpionfishes, and roughtongue bass (Rezak et al., 1983). This zone occurs on all banks, but its depth
differs at each bank. Generally, the Nepheloid Zone begins at the limit of the Antipatharian Zone and
extends to the surrounding soft bottom (Rezak et al., 1990).

Banks of the Central Planning Area

Shelf-Edge Banks

Midshelf Banks

South Texas Banks

Alderdice Bank
Bouma Bank
Bright Bank

Fishnet Bank
Sackett Bank
Sonnier Bank

WPA Only

Diaphus Bank
Elvers Bank
Ewing Bank
Geyer Bank
Jakkula Bank
McGrail Bank
Parker Bank
Rezak Bank
Sidner Bank
Sweet Bank

Shelf-Edge Banks

The shelf-edge banks of the Central Gulf (Geyer, Sackett, Diaphus, Alderice, McGrail, and Bright)
(Figure 4-5) generally exhibit the Algal-Sponge zonation (where present) that transitions into the deep,
turbid Nepheloid Zone that is exhibited at these Banks (Rezak et al., 1983). However, Geyer Bank (37 m
[121 ft] crest), which is within the depth of the high-diversity, coral-reef zone, does not exhibit the high-
diversity characteristics. Instead, Geyer Bank has a well-developed Millepora-Sponge Zone, which is
typically the defining characteristic of midshelf banks found elsewhere in the GOM (Rezak et al., 1983).
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The hydrocoral Millepora and various sponges have dominated the reef crests in the past. A surprising
guantity of a benthic Sargassum macroalgae was documented by Robbart et al. (2009) in a recent study.
The algae grows up to about a 0.5 m (1.5 ft) tall, providing considerable upright structure and cover for
invertebrates and fish over a large portion of the reef cap. Upper portions of the bank house small
branching corals (Madracis), leafy calcareous algae (Peyssonnelia), calcareous green algae (Halimeda),
small agariciid coral colonies, ellisellid sea whips, Cirrhipathes, gastropods, sponges (Chelotropella), and
crinoids (Rezak et al., 1983). Deeper portions of the Bank provide habitat for small sponges, solitary
corals (Oxysmilia), branching corals (Oculina), octocorals (Nidalia), and octocoral fans (Rezak et al.,
1983). A coherent mud is present at the bottom of the bank and small ophiuroids, hermit crabs, galatheid
crustaceans, swimming scallops, urchins, and flatfishes were observed occupying the sediment (Rezak
etal., 1983).

Sackett and Diaphus Banks (Figure 4-5) are closest to the Mississippi River and have less diverse
communities than other banks as a result of the turbid waters (Rezak et al., 1983). A thin veneer of
sediment covers much of Sackett Bank and species present include: comatulid crinoids, encrusting
sponges, urchins, black corals, Atlantic thorny oyster, saucer-shaped agariciids, and coralline algae
(Rezak et al., 1983). Turbidity tolerant species were present in the Nepheloid Layer including: comatulid
crinoids, sponges (Neofibularia), white fire worms (Hermodice), asteroid star fish (Narcissia trigonaria),
black corals (Cirrhipathes), white sponge (Geodea), branching antipatharians (Antipathes), club-shaped
octocorals (Nidalia occidentalis), sea fans, stony corals (Oxysmilia), paramuriceids (Nidalia), and large
solitary corals (Rezak et al., 1983). Diaphus Bank has many drowned reef patches and very little live
cover or active growth due to the turbid waters and sediment veneer (Rezak at al., 1983).

Alderice Bank (Figure 4-5) is also influenced by the turbidity of the surrounding water. Black corals,
sponges, and bryozoans are present at the crest. Below the crest drowned reef structures appear sediment
covered mats of low epifaunal growth (Rezak et al., 1983). The deeper muddy bottom houses mobile
benthic invertebrates such as the sand dollar (Clypeaster ravenelli) and starfish (Narcissia trigonaria).
Two basalt spires protrude from this bank and attract schools of roughtongue bass, yellowtail reeffish,
creole fish, vermillion snapper, grouper, and jacks (Schmahl et al., 2003; Weaver et al., 2006). The
community is heavily dominated by roughtongue bass (Weaver et al., 2006).

The crest of McGrail Bank (45 m, 148 ft) (Figure 4-5) is dominated by macroalgae communities
having about 38 percent cover. Hermatypic corals are common on the crest with a limited area of up to
32 percent coral cover. It is one of the few banks in the northwestern Gulf of Mexico that has reef-
building corals other than the East and West Flower Garden Banks (Schmahl et al., 2003). The bank
exhibits a Stephanocoenia-Millepora Zone and some relatively high coral coverage compared to other
banks in the area. Corals observed on this bank include: Stephanocoenia intersepta, Millepora alcicornis,
Diploria strigosa, Montastraea cavernosa, Colpophyllia natans, Agaricia lamarcki, and Agaricia undata
(Schmahl et al., 2003; Schmahl and Hickerson, 2006). Stephanocoenia intersepta is the dominant coral in
this zone. Fleshy green, brown, and red algae species including: Dictyota pulchella, Lobophora
variegate, Peyssonnelia inamoena, Codium isthmocladum, Codium interextum, Anadtomene lacerate, and
Caulerpa racemosa are abundant (Schmahl and Hickerson, 2006). Planktivorous fish such as creole fish,
threadnose bass, yellow goatfish, sunshinefish, school bass, bicolor damselfish, and blue chromis
dominated the fish community (Schmahl and Hickerson, 2006; Weaver et al., 2006). Deeper regions of
the bank exhibit deep water corals such as antipatharians, solitary corals, and branching corals (Oculina
and Madrepora) (Schmahl and Hickerson, 2006). McGrail Bank has also experienced mechanical
disturbance and damage from fishing and anchoring and marine debris has been found at the bank
(Schmahl and Hickerson, 2006).

Bright Bank (Figure 4-5) is located in deep water with its highest peak at 33 m (108 ft) below the sea
surface (Robbart et al., 2009). The benthic community is dominated by a very high live cover of about
86 percent, with brown, green, and turf algae as the dominant groups. The overall coral cover of the area
is about 8percent. Bright Bank exhibits a Stephanocoenia-Millepora Zone with sponges and
scleractinian corals (Montastraea cavernosa, Stephanocoenia intersepta, and Diploria strigosa) (Robbart
et al., 2009; Schmahl and Hickerson, 2006). A mud volcano, drowned reef formations, and hydrocarbon
seeps have also been identified on this bank (Schmahl et al., 2003). Salvage activity searching for a
historic shipwreck destroyed some coral heads at this bank in the 1980°s; excavation activity may have
taken place as recently as 2001 (Schmahl and Hickerson, 2006).

It has been suggested that Phleger Bank be considered a sensitive offshore topographic feature.
Phleger Bank (Figure 4-5) crests at 122 m (400 ft), deeper than the lower limit of the No Activity Zone
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(85 m (279 ft) [1L00 m (328 ft) in the case of the Flower Gardens]). The depth of the bank precludes the
establishment of the Antipatharian Zone so that even though the bank is in clear water, the biota is typical
of the Nepheloid Zone (Rezak et al., 1983). The bank appears to be predominantly covered with sand,
with scattered rock outcrops of approximately 1-2 m (3-7 ft) in diameter and 1 m (3 ft) in height (CSA,
1980). The sand substrate is devoid of sessile benthic organisms, although the rock outcrops support a
number of epifaunal species such as cup-shaped and encrusting sponges, octocorals, and crinoids.
Roughtongue bass were observed in video surveys to be the dominant fish species on this bank (CSA,
1980).

Midshelf Banks

Two midshelf banks in the CPA contain the Millepora-Sponge Zone: Sonnier and Fishnet Banks
(Figure 4-5). These banks are associated with underlying salt diapirs and rise from depths of 80 m
(263 ft) or less. The dominant species on these banks are hydrozoan fire corals (Millepora) and sponges
(Rezak et al., 1983).

Sonnier Bank (Figure 4-5), which consists of eight peaks and banks, and has a crest at approximately
20 m (66 ft), is encrusted with fire coral (Millepora alcicornis) and sponges (Neofibularia nolitangere
and Ircina). With depth, fire coral coverage is reduced and encrusting sponge coverage is increased
(Weaver et al., 2006). A unique biological assemblage occurs at each of the peaks, which is influenced
by the depths of the peak and the nepheloid layer (Weaver et al., 2006). Hermatypic anthozoan corals
(Stephanocoenia michelini) which tolerate low light levels and moderate turbidity were reported between
36 and 41 m (Rezak et al., 1983). Planktivorous fish dominate this bank, with the most abundant species
being yellowtail reeffish, creole fish, brown chromis, sunshine fish, and bluehead (Weaver et al., 2006).
Angelfish, butterflyfish, damselfish, bluehead, hogfish, rock hind, grouper, Vermilion snapper, and red
snapper also utilize this bank (Rezak et al., 1983). The crests of the bank were dominated by creole fish,
brown chromis, bluehead, and creole wrasse and the deeper portions of the reef were dominated by
tomtate, red snapper, greater amberjack, and grey triggerfish (Weaver et al., 2006). Benthic organisms
occupying the turbid soft-bottom sediment at the base of the Bank include: antipatharians (Cirrhipathes
and Antipathes), comatulid crinoids, sponge (Ircinia campana), hovering goby (loglossus calliurus), blue
goby (Ptereleotris calliurus), tattler (Seranus phoebe) and large infaunal and mobile benthic species
(Rezak et al., 1983; Weaver et al., 2006).

Recent Invasive Species Concerns

Two invasive species have been reported in the Gulf of Mexico: the orange cup coral (Tubastraea
coccinea) and the lionfish (Pterois volitans/miles). Invasive species are organisms that are not native to
the local environment and have the potential to outcompete native species. Tubastraea coccinea, which is
reported on many oil and gas platforms in the northern Gulf of Mexico, has been reported at both Geyer
and Sonnier Banks (Hickerson et al., 2008; Fenner and Banks, 2004; Sammarco et al., 2004). Over
100 colonies were reported at Geyer Bank (Hickerson et al., 2008). The lionfish was reported off the
coasts of Florida, Alabama, and Louisiana in 2010 (USDOI, GS, 2010b). Reports of this species began in
2006 in Florida, but the species was confirmed in the northern Gulf of Mexico in 2010 (Schofield, 2009;
USDOI, GS, 2010b). It was recently been reported in the southern Gulf of Mexico (Aguilar-Perera and
Tuz-Sulub, 2010). Specific sightings were noted at Sonnier Bank and several oil and gas platforms in the
CPA (USDOI, GS, 2010b).

Proposed Candidates for Threatened and Endangered Species

In 2009, a petition was submitted to NMFS by the Center for Biological Diversity to list 82 additional
species of coral under the Endangered Species Act (USDOC, NOAA, 2010f). Those 82 “candidate
species” are currently under review by NMFS. Some of the “candidate species” are found in the Gulf of
Mexico, including Montastraea annularis, Montastraea faveolata, and Montastraea franksi. Once NMFS
has reviewed the candidate species, a decision would be made as whether each species warrants listing
under the ESA or not. If these species are listed, they would receive protection under the ESA.
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Habitat Areas of Particular Concern

The NMFS has designated habitat areas of particular concern (HAPC’s) within identified EFH. The
HAPC’s provide important habitat for federally managed fish species and are areas for conservation
priorities. Designation is based on habitat ecological importance, sensitivity to fishing, sensitivity to
nonfishing, developmental stress, and rarity (Dale and Santos, 2006). The only bank designated as coral
HAPC in the CPA is McGrail Bank (Dale and Santos, 2006; Gulf of Mexico Fishery Management
Council, 2005). Hard-bottom HAPC’s in the CPA are Sonnier Bank, Geyer Bank, Bouma Bank, Rezak
Bank, Sidner Bank, Alderice Bank, Jakkula Bank, and additional parts of McGrail Bank (Dale and
Santos, 2006; Gulf of Mexico Fishery Management Council, 2005).

Hurricane Impacts on CPA Banks

Severe hurricanes can cause physical damage to reef structure and organisms. Banks of the GOM
tend to be resilient, and damaged banks tend to recover over time, as indicated by monitoring of features,
including the Sonnier, McGrail, Geyer, and Bright Banks before and after hurricanes. Long-term
monitoring data from some banks in the GOM indicated that recovery observed after hurricane-induced
damage agrees with historical surveys, indicating that communities are fairly resilient and stable over
long periods of time (Gittings, 1998). Recovery trends have also been observed at CPA banks following
hurricane damage (Robbart et al., 2009).

Baseline Conditions Following the Deepwater Horizon Event

It is unlikely that most of the topographic features of the CPA have been impacted by the DWH event
because of their distance from the oil spill and their position on the continental shelf. The nearest
protected topographic feature is Sackett Bank, which is 116 km (72 mi) from the spill site. It is possible
that Sackett Bank experienced some oiling as a result of the DWH event, and this is discussed below in
this chapter.. Beyond that, the next nearest feature is Diaphus Bank, approximately 240 km (150 mi)
away, and it probably did not experience the possible impacts that Sackett Bank may have experienced.
The bulk of the oil was dispersed in deep water off the shelf and was directed by water currents in deep
water. These currents do not typically transit from deep water up onto the shelf (Pond and Pickard, 1983;
Inoue et al., 2008). Qil dispersed on the sea surface could have traveled onto the continental shelf, but the
distance from the DWH event to protected topographic features makes it unlikely to have reached most of
the banks. As a result, it is anticipated that there would be no change in existing baseline conditions to
most of the bank habitats, except possibly Sackett Bank, which is discussed later. Most of the
topographic features are anticipated to remain a diverse and highly productive habitat that supports a
variety of coral, sponge, algal, invertebrate, and fish species.

The potential oiling footprint, as reported through the National Oceanic and Atmospheric
Administration’s ERMA (posted on the GeoPlatform.gov website), indicated that oil was recorded in
surface waters of the CPA from approximately the western Louisiana border east to Panama City, Florida
(USDOC, NOAA, 2011b). Sackett Bank appeared to be the only bank beneath the oil slick, while only
small surface patches of oil were reported in water near other banks. These small patches were
discontinuous and scattered (USDOC, NOAA, 2011b). The crests of the topographic features, however,
are deeper than the physical mixing ability of surface oil (Lange, 1985; McAuliffe et al., 1975 and 1981a;
Tkalich and Chan, 2002; Rezak et al., 1983). Also, most of the oil that migrated west in the CPA, where
most of the banks are located, was primarily observed close to Louisiana’s Gulf Coast, farther inshore of
the banks (USDOC, NOAA, 2011b). Based on the location of the surface oil, its mixing abilities, the
depth of the features, and the trajectory of the dispersed subsea plume, most of the topographic features of
the CPA should not have been impacted by oil from the DWH event.

Water and sediment samples collected during and after the spill were analyzed as part of the OSAT
(2010) report. A handful of samples collected off the Gulf Coast did reveal some PAH’s as a result of the
DWH event; however, there were no exceedances of USEPA aquatic life benchmarks measured near
topographic features in either water or sediment (OSAT, 2010). There were 6 water samples out of
481 collected that exceeded the USEPA chronic toxicity benchmarks for PAH’s in the offshore waters
(>3 nmi offshore to the 200-m [656-ft] bathymetric contour), all of which occurred within 1 m (3 ft) of
the water surface (OSAT, 2010). There were 63 water samples out of 3,605 collected from deep water
(>200-m [656~ft] depth) that exceeded the USEPA aquatic life benchmarks for PAH’s (OSAT, 2010).
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Exceedances occurred near the water surface or in the deepwater plume within 70 km (44 mi) of the well.
Oil detected in the subsurface plume was between 1,100 and 1,300 m (3,609 and 4,265 ft) and moving
southwest along those depth contours (OSAT, 2010), which is deeper than the topographic features. No
sediment samples collected offshore (>3 nmi offshore to the 200-m [656-ft] depth contour) and seven
sediment samples collected in deep water (> 200-m [656—ft] depth) exceeded the USEPA aquatic life
benchmarks for PAH exposure (OSAT, 2010). All chronic aquatic life benchmark exceedances in the
sediment occurred within 3 km (2 mi) of the well, and samples fell to background levels at a distance of
10 km (6 mi) from the well (OSAT, 2010). Dispersants were also detected in waters off Louisiana, but
they were below USEPA benchmarks of chronic toxicity. No dispersants were detected in sediment on
the Gulf floor (OSAT, 2010). Topographic features in the CPA, therefore, are not expected to be
impacted by PAH’s in the water column or sediment, as they are located much farther from the well than
measured benchmark exceedances.

If any impacts did occur, they would be a result of low-level or long-term exposure to dispersed,
dissolved, or neutrally buoyant oil droplets. These forms of oil weathered as they traveled to the sea
surface or in the subsea plume, and they became depleted in their lower molecular weight PAH’s (which
are the most acutely toxic components) (Brown et al., 2010; Eisler, 1987). The longer the oil spent in the
water column or at the sea surface, the more diluted and weathered it became (Lehr et al., 2010). Impacts
to species the oil may come in contact with may include reduced recruitment success, reduced growth,
and reduced coral cover as a result of impaired recruitment (Kushmaro et al., 1997; Loya, 1975 and
1976a; Rinkevich and Loya, 1977). These types of possible impacts may be investigated in future studies
if deemed necessary by NRDA. It should be noted that it may be difficult to distinguish between possible
low-level impacts to invertebrates as a result of exposure to DWH oil and numerous natural seeps in the
CPA that are constantly releasing oil into the water (MacDonald, 2002).

Possible Impacts to Sackett Bank as a Result of the Deepwater Horizon Event

As mentioned above, Sackett Bank may have been affected by oil released during the DWH event.
Sackett Bank is the nearest BOEM-protected topographic feature to the blowout; 116 km (72 mi) from the
spill site. Records have indicated that Sackett Bank was beneath the surface oil slick for 11-20 days
(USDOC, NOAA, 2011b). Although the crest of this bank lies at 63 m (207 ft) below the Gulf surface
(Rezak et al., 1983), which is far below the depth of surface oil mixing (Lange, 1985; McAuliffe et al.,
1975 and 1981a; Tkalich and Chan, 2002), it is 16 mi (26 km) southwest of the Mississippi Delta’s
Southwestern Pass, which is still within the influence of the Mississippi River’s outflow. Suspended
material, including sediment that flows from the Mississippi River into the Gulf and a very productive
plankton community near the water’s surface, supply abundant material to which oil may adhere. There
is a strong possibility that the surface oil adhered to suspended material in the water column and
subsequently settled over the Bank, affecting the benthic and epibenthic organisms there. Because of this
potential, for purposes of this EIS, the Bureau of Ocean Energy Management is assuming this area was
impacted to be conservative in this analysis and would not be essential to a reasoned choice among
alternatives. In addition, there is an existing No Activity Zone around Sackett Bank that mandates OCS-
energy-related, bottom-disturbing activities be located away from the bank.

Impacts to Deepwater Corals as a Result of the Deepwater Horizon Event

Although some corals on topographic features may have been impacted by oil that had adhered to
organic material in the water column, as described above for Sackett Bank, or by low levels of oil in the
water column, the benthic organisms on topographic features should not have been impacted, as some
deepwater corals were, following the DWH event. A recent report documents damage to a deepwater
(1,400-m; 4,593-ft) coral (gorgonian) community 11 km (7 mi) to the southwest of the well, in the
direction of travel of the dispersed subsea oil plume. Results are still pending, but it appears that a coral
community in the CPA about 15 m x 40 m (50 ft x 130 ft) in size was severely damaged and may have
been the result of contact with the dispersed subsea oil plume (Fisher, 2010a; USDOI, BOEMRE, 2010j).
See Chapter 4.2.1.10 for a detailed description of the affected deepwater coral community.

Coral communities, and other benthic organisms on the topographic features, should not have been
affected by the subsea plume as the deepwater coral community was, because of topographic feature
structure, location on the continental shelf, and the currents in the Gulf. Topographic features are hard
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substrates that rise above the seafloor, and epibenthic growth is greatest towards the peak of the
structures. The DWH subsea dispersed plume traveled downslope on the seafloor, into deeper water
away from the topographic features located on the continental shelf (OSAT, 2010). Therefore, the
direction of travel of the plume was away from and much deeper than the growth on the topographic
features. In addition, deep currents do not typically transit from deep water up onto the shelf where the
topographic features are located (Pond and Pickard, 1983; Inoue et al., 2008). Based on these facts, it is
unlikely that the organisms on the topographic features were exposed to the environmental conditions of
the dispersed subsea plume, as the deepwater corals were.

Limited data are currently available on potential impacts of the DWH event on the topographic
features in the CPA. This incomplete or unavailable information may be relevant to reasonably
foreseeable significant impacts to topographic features. Relevant data on the status of topographic
features after the DWH event may take years to acquire and analyze. Much of this data is being
developed through the NRDA process, which may take years to complete. Little data from the NRDA
process have been made available to date. Therefore, it is not possible for BOEM to obtain this
information within the timeframe contemplated by this NEPA analysis, regardless of the cost or resources
needed. The BOEM has determined that this incomplete or unavailable information may be essential to a
reasoned choice among alternatives. In the place of this incomplete or unavailable information, BOEM
subject-matter experts have used available scientifically credible evidence in this analysis and applied it
using accepted scientific methods and approaches.

As a conservative approach, BOEM is assuming for purposes of this EIS that the Sackett Bank feature
was likely impacted. In addition, implementation of the proposed Topographic Features Stipulation
would be expected to protect sensitive habitat (including those that may have been impacted by the DWH
event) from routine impacts from oil and gas production by distancing production from the protected
habitat. Details of how the proposed Topographic Features Stipulation protects reefs and banks in the
Gulf of Mexico from the routine and accidental impacts of petroleum production are discussed below..

4.2.1.7.2. Impacts of Routine Events

The vast majority of the Gulf of Mexico seabed is comprised of soft sediments. Topographic features
formed on hard-bottom substrate are interspersed along the continental shelf above the soft sediment.
These topographic features, which sustain sensitive offshore habitats in the CPA, are listed and described
in Chapter 4.2.1.7.1.

The potential impact-producing factors on topographic features of the CPA are anchoring,
infrastructure emplacement, drilling-effluent and produced-water discharges, and infrastructure removal.
Impacts from accidental events such as oil spills and blowouts are discussed in Chapter 4.2.1.7.3. These
disturbances have the potential to disrupt and alter the environmental, commercial, recreational, and
aesthetic values of topographic features in the CPA.

A Topographic Features Stipulation similar to the one described in Chapter 2.4.1.3.1 has been
included in appropriate leases since 1973 and may, at the option of the ASLM, be made a part of
appropriate leases resulting from a CPA proposed action. The impact analysis of routine activities
associated with a CPA proposed action presented here includes the proposed Topographic Features
Stipulation. As noted in Chapter 2.4.1.3.1, the proposed stipulation establishes a No Activity Zone in
which no bottom-disturbing activities would be allowed, and areas around the No Activity Zones (in most
cases) within which shunting of drill cuttings and drilling fluids to near the bottom would be required.
Clarification on how the proposed Topographic Features Stipulation applies to operators is detailed in this
Agency’s NTL-2009-G39 (USDOI, MMS, 2009a).

Construction Impacts on Topographic Features

The anchoring of pipeline lay barges, drilling rigs, or service vessels, as well as the emplacement of
structures (e.g., pipelines, drilling rigs, or production platforms), results in mechanical disturbances of the
benthic environment. Anchor damage has been shown to be a large threat to the biota of the offshore
banks in the Gulf (Rezak and Bright, 1979; Rezak et al., 1985; Gittings et al., 1992a; Hudson et al., 1982).
Anchors may break, fragment, or overturn corals and the anchor chain may drag across and catch on coral
(Dinsdale and Harriott, 2004). Coral colonies may experience abrasion of tissue and skeletons, death to
portions of a colony, fragmentation, or removal from substrate as a result of anchor damage (Dinsdale and
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Harriott, 2004). Branching species tend to experience fragmentation while massive species incur surface
damage (Marshall, 2000). Anchor damage may result in community alteration through reduced coral
cover, which indirectly promotes an increase in algal cover, complete coral removal, loss of sensitive
species, reduction in colony size, and a reduction in soft coral cover in heavily damaged areas (Dinsdale
and Harriott, 2004). Damage as a result of anchoring in a coral community may take 10 or more years
from which to recover, depending on the extent of the damage (Fucik et al., 1984; Rogers and Garrison,
2001). Such anchoring damage, however, would be prevented within any given No Activity Zone by the
observation of the proposed Topographic Features Stipulation, which does not allow bottom-disturbing
activity.

Infrastructure emplacement and pipeline emplacement could result in suspended sediment plumes and
sediment deposition on the seafloor. Considering the relatively elevated amounts of drilling muds and
cuttings discharged per well (approximately 2,000 metric tons [2,205 tons] for exploratory wells, i.e., 900
metric tons [992 tons] of drilling fluid and 1,100 metric tons [1,213 tons] of cuttings) and slightly lower
discharges for development wells) (Neff, 2005), potential impacts on biological resources of topographic
features could result if drill sites occur in blocks directly adjacent to No Activity Zone boundaries.
Potential impacts could be incurred through increased water-column turbidity, the smothering of sessile
benthic invertebrates, and local accumulations of contaminants.

Potential construction impacts to reefs and banks can be substantially reduced by the proposed
Topographic Features Stipulation, which requires all bottom-disturbing activity to be at least 152 m
(500 ft) away from the boundaries of No Activity Zones. The proposed Topographic Features Stipulation
limits impact through the No Activity Zone and shunting restrictions imposed within the 1,000-Meter
Zone, 1-Mile Zone, 3-Mile Zone, and 4-Mile Zone.. This would prevent well drilling activities from
occurring in the No Activity Zone and preclude most resuspended sediments from reaching the biota of
the banks. Also, USEPA’s NPDES permit sets special restrictions on discharge rates for muds and
cuttings adjacent to topographic features bound by a No Activity Zone. Chapters 3.1.1.4.1 and 4.2.1.2.2
detail the NPDES permit’s general restrictions and the impacts of drilling muds and cuttings on marine
water quality and seafloor sediments. Due to the proposed Topographic Features Stipulation and USEPA
discharge regulations, turbidity and smothering impacts of sessile invertebrates on topographic features
caused by drilling muds and cuttings are unlikely (Neff, 2005).

The proposed Topographic Features Stipulation would protect sensitive reef species from smothering
and turbidity through physical distance from drilling activities. The greatest impacts from drilling occur
close to the well where a majority of the cuttings settle (Kennicutt, 1995). Reduced coral cover was
reported out to 65 m (213 ft) from a well in Puerto Rico, which was probably a result of cutting
deposition (Hudson et al., 1982). Corals beyond this distance did not show reduced surface cover
(Hudson et al., 1982). Impacts to benthic communities as a result of drilling operations in the Gulf of
Mexico are generally localized and have been reported 100-200 m (328-656 ft) from the production
platform (Montagna and Harper, 1996; Kennicutt at al., 1996; Hart et al., 1989; Kennicutt, 1995; CSA,
2004b).

Differences in the dispersal patterns for well cuttings and drilling muds would result from differences
in disposal methodology (surface disposal or bottom shunting). For example, well cuttings that are
disposed of at the water’s surface tend to disperse in the water column and are distributed widely over a
large area at low concentrations (CSA, 2004b; NRC, 1983). On the other hand, cuttings that are shunted
to the seafloor are concentrated over a smaller area in piles instead of being physically dispersing over
wide areas (Neff, 2005). The heaviest concentrations of well cuttings and drilling fluids, for both water-
based and synthetic-based drilling muds, have been reported within 100 m (328 ft) of wells and are shown
to decrease beyond that distance (CSA, 2004b; Kennicutt et al., 1996). They are usually distributed
unevenly and in patches, often dependent on prevailing currents (CSA, 2004b). Deeper water wells that
use bottom shunting have exhibited deposition up to 500 m (1,640 ft) from a well due to the low-energy
environment in deep water (Kennicutt et al., 1996). Deepwater, bottom-shunted cuttings, however, would
not affect the organisms on topographic features because the cuttings are deposited on the seafloor, far
below the active zone of growth on the topographic features.

Drilling fluid plumes are rapidly dispersed on the OCS where approximately 90 percent of the
material discharged in drilling a well (cuttings and drilling fluid) settles rapidly to the seafloor, while
10 percent forms a plume of fine mud that drifts in the water column (Neff, 2005). 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, 2007c, and 2009c). Although drilling mud



Description of the Environment and Impact Analysis 4-599

plumes may be visible 1 km (0.6 mi) from the discharge, rapid dilution of drilling mud plumes was
reported within 6 m (20 ft) from the release point (Shinn et al., 1980; Hudson et al., 1982). Drilling muds
and cuttings may be diluted 100 times at 10 m (33 ft) from the discharge and 1,000 times at 100 m
(328 ft) from the discharge (Neff, 2005). Dilution continues with distance from the discharge point, and
at 96 m (315 ft) from the release point, the plume was measured only a few milligrams/liter above
background suspended sediment concentrations (Shinn et al., 1980).

The measured concentration of drilling mud in the water at 1 m (3 ft) from the source was far below
that which caused mortality to several species of coral in bioassays (Shinn et al., 1980; Thompson et al.,
1980; Raimondi et al., 1997). Concentrations of drilling muds were measured between 10.2 and
79.78 mg/L at 1 m (3 ft) from the source, which is below the concentration (100 ppm; 100 mg/L) reported
to cause polyp retraction; reduced feeding; and decreased calcification, growth, respiration,
photosynthesis, and NOs; and NH,; uptake; and possible impaired sediment rejection abilities in
Montastrea annularis after 6-7 weeks of exposure (Shinn et al., 1980; Thompson et al., 1980; Szmant-
Froelich et al., 1981; Dodge, 1982). These physiological impacts, however, sometimes led to death
(Szmant-Froelich et al., 1981; Dodge, 1982). The measured concentrations are also less than those
observed to cause excessive zooxanthellae loss in Acropora cervicornis (500 ppm) over 24 hours, death
of Paracyathus stearnsii (200 ppm) after 6 days, reduced growth in Montastrea annularis over 7.5 hours
(18 parts per gram in 200-mL doses, applied 2-4 mm [0.08-1.16 in] thick directly on coral), and increased
oxygen consumption and ammonium excretion, reduced feeding, expulsion of photosynthetic
zooxanthellae, and bacterial infections paired with algal overgrowth in Madracis decactis (100 ppm
drilling mud enriched with ferrochrome lignosulfonate [clay thinning agent]) over 17 days (Kendall et al.,
1983; Raimondi et al., 1997; Hudson and Robbin, 1980; Krone and Biggs, 1980). Coral sensitivity to
drilling mud, however, is both species and drilling mud specific (Thompson and Bright, 1980).
Exposures to drilling mud concentrations that result in mortality in some coral species may only cause
sublethal responses or no response at all from other corals (Thompson et al., 1980).

Drilling mud concentrations at 6 m (20 ft) from the discharge were often less than those produced
during storms or from boat wakes, and at 96 m (315 ft) they were less than suspended sediment
concentrations measured on a windy day in coral reefs off Florida and far below concentrations measured
to cause physiological impacts to corals (Shinn et al., 1980; Thompson et al., 1980; Szmant-Froelich
et al., 1981; Kendall et al., 1983). The toxic effects measured as a result of exposure to drilling mud are
not caused by turbidity alone but by the compounds in the drilling mud (Kendall et al., 1983).
Extrapolation of data collected from bioassays indicates the no-effect concentration of drilling mud to be
3.99 ppm, which is above the average concentration of drilling mud measured in the water column 96 m
(315 ft) from platforms (Kendall et al., 1983; Shinn et al., 1980). Based on those values, there should be
no effects from drilling mud 96 m (315 ft) from a platform.

It is not anticipated that muds drifting in the water column would settle on or smother topographic
features. The mud particles are extremely fine and would not be able to settle in the high-energy
environments surrounding topographic features (Shinn et al., 1980; Hudson and Robbin, 1980). Any mud
that may reach coral can be removed by the coral using tentacles and mucus secretion, and physically
removed by currents that can shed the mucus-trapped particles from the coral (Shinn et al., 1980; Hudson
and Robbin, 1980; Thompson et al., 1980). Considering that drilling is not allowed within 152 m (500 ft)
of a No Activity Zone, that shunting to within 10 m (33 ft) of the bottom is required surrounding the
No Activity Zone, and that field measurements of suspended solids far below concentrations that cause
coral mortality corals 96 m (315 ft) from the discharge point (Shinn et al., 1980), corals should be
distanced enough from the effects from drilling turbidity.

Due to the proposed Topographic Features Stipulation, impacts measured as a result of drilling
operations would be minimal in comparison to impacts without the proposed Topographic Features
Stipulation. Wells drilled in lease blocks containing topographic features would be required to shunt
cuttings to within 10 m (33 ft) of the seafloor. Bottom shunting would protect the organisms on the
topographic features because it results in localized deposition of cuttings at a greater depth than the
biological activity of the topographic features (Neff, 2005). Therefore, the deposited material is not
anticipated to reach the benthic organisms on emergent reefs. Both the distance from drilling operations
and the shunting of cuttings to the seafloor are anticipated to reduce exposure pathways of drilling
activities to benthic organisms on topographic features, eliminating long-term operational impacts, such
as exposure to turbidity and sedimentation or associated contaminants.



4-600 Western and Central Planning Areas Multisale EIS

Long-Term and Operational Impacts on Topographic Features

Produced waters are discharged at the water surface throughout the lifetime of the production
platform and may contain hydrocarbons, trace metals, elemental sulfur, and radionuclides (Kendall and
Rainey, 1991). Heavy metals enriched in the produced waters include cadmium, lead, iron, and barium
(Trefry et al., 1995). Produced waters may impact both organisms attached to the production platform
and benthic organisms in the sediment beneath the platform because the elements in the produced water
may remain in the water column or attach to particles and settle to the seafloor (Burns et al., 1999). A
detailed description of the impacts of produced waters on water quality and seafloor sediments is
presented in Chapter 4.2.1.2.

Produced waters are rapidly diluted and impacts are generally only observed within proximity of the
discharge point (Gittings et al., 1992a). Models have indicated that the vertical descent of a surface-
originating plume should be limited to the upper 50 m (164 ft) of the water column, and maximum
concentrations of surface plume water have been measured in the field between 8 and 12 m (26 and 39 ft)
(Ray, 1998; Smith et al., 1994). Plumes have been measured to dilute 100 times within 10 m (33 ft) of
the discharge and 1,000 times within 103 m (338 ft) of the discharge (Smith et al., 1994). Modeling
exercises showed hydrocarbons to dilute 8,000 times within 1 km (0.6 mi) of a platform and constituents
such as benzene and toluene to dilute 150,000 and 70,000 times, respectively, within that distance (Burns
etal., 1999).

The less soluble fractions of the constituents in produced water associate with suspended particles and
may sink (Burns et al., 1999). Particulate components were reported to fall out of suspension within
0.5-1 nmi (0.6-1.2 mi; 0.9-1.9 km) from the source outfall (Burns et al., 1999). The particulate fraction
disperses widely with distance from the outfall, and soluble components dissolve in the water column,
leaving the larger, less bioavailable compounds on the settling material (Burns et al., 1999). Due to the
distance requirement for production platforms from topographic features, dispersion of particles in the
water column, and currents around topographic features, the particulate constituents of produced waters
should not impact biological communities on topographic features (Burns et al., 1999; Rezak et al., 1983;
McGrail, 1982).

Waterborne constituents of produced waters can influence biological activity at a greater distance
from the platform than can particulate components (Osenberg et al., 1992). The waterborne fractions
travel with currents; however, data suggest that these fractions remain in the surface layers of the water
column (Burns et al., 1999). Measurements of toluene, the most common dissolved hydrocarbon in
produced waters, revealed rapid dilution with concentrations between 1 and 10 nanograms/liter
(0.000001-0.00001 ppm) less than 2 km (1 mi) directly downcurrent from the source and rapid dispersion
much closer to the source opposite the current (King and McAllister, 1998). Monitoring studies of the
Flower Garden Banks located less than 2 km (1 mi) from a production platform did not indicate negative
effects throughout the duration of the platform’s operation, most likely due to the influence of currents
(Gittings at al., 1992a). Many currents sweep around banks in the GOM instead of over them, which
would protect reef organisms from contact with a produced water plume (King and McAllister, 1998;
Gittings at al., 1992a; Rezak et al., 1983; McGrail, 1982). Modeling data for a platform in Australia
indicated the plume to remain in the surface mixed layer (top 10 m [33 ft]) of the water column, which
would further protect topographic features from produced water traveling with currents because crests of
features are generally 15 m (49 ft) or more below the sea surface (Burns et al., 1999; Rezak et al., 1983).

Acute effects caused by produced waters are likely only to occur within the mixing zone around the
outfall (Holdway, 2002). Past evaluation of the bioaccumulation of offshore, produced-water discharges
conducted by the Offshore Operators Committee (Ray, 1998) assessed that metals discharged in produced
water would, at worst, affect living organisms found in the immediate vicinity of the discharge,
particularly those attached to the submerged portion of platforms. Possibly toxic concentrations of
produced water were reported 20 m (66 ft) from the discharge in both the sediment and the water column
where elevated levels of hydrocarbons, lead, and barium occurred, but no impacts to marine organisms or
sediment contamination were reported beyond 100 m (328 ft) of the discharge (Neff and Sauer, 1991;
Trefry et al.,, 1995). Another study in Australia reported that the average total concentration of
20 aromatic hydrocarbons measured in the water column 20 m (66 ft) from a discharge was less than
0.5ug/L (0.0005 mg/L or 0.0005 ppm) due to the rapid dispersion of the produced-water plume (Terrens
and Tait, 1996).
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Compounds found in produced waters are not anticipated to bioaccumulate in marine organisms. A
study conducted on two species of mollusk and five species of fish (Ray, 1998) found that naturally
occurring radioactive material in produced water was not found to bioaccumulate in marine animals.
Metals including: barium, cadmium, mercury, nickel, lead, and vanadium in the tissue of the clam,
Chama macerophylla, and the oyster, Crassostrea virginica, collected within 10 m (33 ft) of discharge
pipes on oil platforms were not statistically different from reference stations (Trefry et al., 1995).
Because high-molecular weight PAH’s are usually in such dilute concentrations in produced water, they
pose little threat to marine organisms and their constituents, and they were not anticipated to biomagnify
in marine food webs. Monocyclic hydrocarbons and other miscellaneous organic chemicals are known to
be moderately toxic, but they do not bioaccumulate to high concentrations in marine organisms and are
not known to pose a risk to their consumers (Ray, 1998).

Chronic effects including decreased fecundity; altered larval development, viability, and settlement;
reduced recruitment; reduced growth; reduced photosynthesis by phytoplankton; reduced bacterial
growth; alteration of community composition; and bioaccumulation of contaminants were reported for
benthic organisms close to discharges and out to 1,000 m (3,281 ft) from the discharge (Holdway, 2002;
Burns et al., 1999). Effects were greater closer to the discharges and responses varied by species. High
concentrations of produced waters may have a chronic effect on corals. The Australian coral, Plesiastrea
versipora, when exposed to 25 percent and 50 percent produced water, had a significant decrease in
zooxanthellae photosynthesis and often bleached (Jones and Heyward, 2003). Experiments using WAF’s
of produced waters indicated that coral fertilization was reduced by 25 percent and metamorphosis was
reduced by 98 percent at 0.0721 ppm total hydrocarbon (Negri and Heyward, 2000). The WAF, however,
is based on a closed experimental system in equilibrium and may be artificially low for the Gulf of
Mexico, which will not reach equilibrium with contaminants. The experimental value can be considered
a “worst-case scenario” if the entire Gulf were to come in equilibrium with oil inputs.

Produced waters should not impact to the biota of topographic features. The greatest impacts are
reported adjacent to the discharge and substantially reduced less than 100 m (328 ft) from the discharge,
which is less than the 152-m (500-ft) buffer around the No Activity Zone that surrounds topographic
features. Elevated concentrations of compounds measured near outfalls would not reach corals on banks
in the GOM due to the high dilution rates of produced waters (King and McAllister, 1998), influence of
currents around topographic features (Rezak et al., 1983; McGrail, 1982), and drilling distance required
by the proposed Topographic Features Stipulation. Also, USEPA’s general NPDES permit restrictions on
the discharge of produced water, which require the effluent concentration 100 m (328 ft) from the outfall
to be less than the 7-day “no observable effect concentration” based on laboratory exposures, would help
to limit the impacts on biological resources of topographic features (Smith et al., 1994). Measurements
taken from a platform in the Gulf of Mexico showed discharge to be diluted below the no observable
effect concentration within 10 m (33 ft) of the discharge (Smith et al., 1994). Such low concentrations
would be even further diluted at greater distances from the well.

Structure-Removal Impacts

The impacts of structure removal on soft-bottom benthic communities surrounding topographic
features can include turbidity, sediment deposition, explosive shock-wave impacts, and loss of habitat.
Both explosive and nonexplosive removal operations would disturb the seafloor by generating
considerable turbidity that could impact surrounding reef environments. Suspended sediment may evoke
physiological impacts in benthic organisms, including 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) and reduced photosynthesis of coral
zooxanthellae (Rogers, 1990). Long-term exposures to turbidity have even resulted in significantly
reduced skeletal extension rates in the scleractinian coral Montastraea annularis (Torres, 2001). The
higher the concentration of suspended sediment in the water column and the longer the sediment remains
suspended, the greater the impact.

Sediment deposition may smother benthic organisms, decreasing gas exchange, increasing exposure
to anaerobic sediment, reducing light intensity, and causing physical abrasion (Wilber et al., 2005).
Corals have some ability to rid themselves of some sediment through mucus production and ciliary action
(Marszalek, 1981; Bak and Elgershuizen, 1976; Telesnicki and Goldberg, 1995). Scleractinian corals are
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tolerant of short-term sediment exposure and burial, but longer exposures may result in loss of
zooxanthellae, polyp swelling, lesions, increased mucus production, alterations in growth rates and forms,
decreased calcification, decreased photosynthesis, increased respiration, reduced areal coverage, changes
in species diversity and dominance patterns, reduced recruitment, reduced reef development, and
mortality (Marszalek, 1981; Rice and Hunter, 1992; Torres et al., 2001; Telesnicki and Goldberg, 1995).
Coral larvae settlement may be inhibited in areas where sediment has covered available substrate (Rogers,
1990; Goh and Lee, 2008). Bleached tissue as a result of sediment exposure has been reported to recover
in approximately a month (Wesseling et al., 1999).

Octocorals and gorgonians are more tolerant of sediment deposition than scleractinian corals, as they
grow erect and are flexible, reducing sediment accumulation and allowing easy removal (Marszalek,
1981; Torres et al., 2001; Gittings et al., 1992b). Branching forms of scleractinian corals also tend to be
more tolerant of sediment deposition than massive and encrusting forms (Roy and Smith, 1971). Some of
the more sediment-tolerant scleractinian species in the Gulf of Mexico include Montastraea cavernosa,
Siderastrea siderea, Siderastrea radians, and Diploria strigosa (Torres et al., 2001; Acevedo et al., 1989;
Loya, 1976b). Corals on reefs surrounded by strong, complex currents are further protected from
sedimentation because the currents prevent the settling of fine particles onto the reef (Hudson and Robbin,
1980).

The shock waves produced by the explosive structure removals may also harm benthic biota.
However, corals and other sessile invertebrates have a high resistance to shock. O’Keeffe and Young
(1984) described the impacts of underwater explosions on various forms of sea life using, for the most
part, open-water explosions much larger than those used in typical structure-removal operations. They
found that sessile benthic organisms, such as barnacles and oysters, and many motile forms of life, such
as shrimp and crabs (that do not possess swim bladders), were remarkably resistant to shock waves
generated by underwater explosions. Oysters located 8 m (26 ft) away from the detonation of 135-kg
(298-Ib) charges in open water incurred a 5-percent mortality rate. Very few crabs died when exposed to
14-kg (31-Ib) charges in open water 46 m (151 ft) away from the explosions. O’Keeffe and Young
(1984) also described lack of damage to other invertebrates such as sea anemones, polychaete worms,
isopods, and amphipods.

Charges used in OCS structure removals are typically much smaller than some of those cited by
O’Keeffe and Young. The Structure-Removal Operations on the Gulf of Mexico Outer Continental Shelf:
Programmatic Environmental Assessment (USDOI, MMS, 2005) predicts low impacts on the sensitive
offshore habitats from platform removal precisely because of the effectiveness of the proposed stipulation
in preventing platform emplacement in the most sensitive areas of the topographic features of the GOM.
Impacts on the biotic communities, other than those on or directly associated with the platform, would be
limited by the relatively small size of individual charges (normally 50 Ib [27 kg] or less per well piling
and per conductor jacket) and because BSEE regulations require charges to be detonated 5 m (16 ft)
below the mudline and at least 0.9 seconds apart (to prevent shock waves from becoming additive)
(USDOI, MMS, 2005). Also, because the proposed Topographic Features Stipulation precludes platform
installation within 152 m (500 ft) of a No Activity Zone, adverse effects to topographic features by
removal explosives should be prevented. The shock wave is significantly attenuated when explosives are
buried, as opposed to detonation in the water column (Baxter et al., 1982; Wright and Hopky, 1998).

Removal of infrastructure would result in the removal of the hard substrate and encrusting
community, with overall reduction in species diversity (both epifaunal encrusting organisms and the fish
and large invertebrates that fed on them) with the removal of the structure (Schroeder and Love, 2004).
The removal of a platform may extract a viable habitat utilized during cross pollination with a
topographic feature and supported viable finfish communities. The epifaunal organisms attached to the
platform that are physically removed would die once the platform is removed and disposed of. However,
the seafloor habitat would return to the original soft-bottom substrate that existed before the well was
drilled.

Some structures may be converted to artificial reefs. If the rig stays in place, the hard substrate and
encrusting communities would remain part of the benthic habitat. The diversity of the community would
not change, and associated finfish species would continue to graze on the encrusting organisms. The
community would remain an active artificial reef. However, the plugging of wells and other reef in place
decommissioning activities would still impact benthic communities as discussed above because all the
steps for removal, except final extraction from the water, would still occur.
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Proposed Action Analysis

Of 16 topographic features (shelf-edge banks and mid-shelf banks) in the CPA, 15 are found in waters
less than 200 m (656 ft) deep. Geyer Bank is located at a depth of 190-210 m (623-689 ft). They
represent a small fraction of the CPA. As noted above, the proposed Topographic Features Stipulation
could prevent most of the potential impacts from oil and gas operations on the biota of topographic
features, including direct contact during pipeline, rig, and platform emplacements; anchoring activities,
and removals. Yet, operations outside the No Activity Zone could still affect topographic features
through drilling effluent discharges and produced-water discharges, blowouts, and oil spills. Potential
impacts from oil spills and blowouts are discussed in Chapter 4.2.1.7.3.

For a CPA proposed action, 62-121 exploration/and 78-152 development wells are projected for
offshore Subarea WO0-60 (coastline to 60 m of water). There are an additional 24-46
exploration/delineation wells and 32-58 development wells proposed between 60 and 200 m (197 and
656 ft) (the boundary of the continental shelf) (Table 3-3). With the inclusion of the proposed
Topographic Features Stipulation, no discharges would take place within the No Activity Zone. Most
drilling discharges would be shunted to within 10 m (33 ft) of the seafloor either within the 1,000-Meter
Zone, 1-Mile Zone, 3-Mile Zone, or 4-Mile Zone (depending on the topographic feature) around the No
Activity Zone (see Chapter 2.4.1.3.1 for specifics). This procedure would essentially prevent the threat
of large amounts of drilling effluents reaching the biota of a given topographic feature. Also, most
studies indicate that biological impacts and sediment contamination occur within 100 m (328 ft) of
production platforms (Montagna and Harper, 1996; Kennicutt at al., 1996; Neff and Sauer, 1991; Trefry
etal., 1995). If drilling effluents or produced waters do reach any topographic features, concentrations of
these anthropogenic influences should be diluted substantially from their initial concentration, and effects
would be minimal.

For a CPA proposed action, 28-54 production structures are projected in offshore Subarea W0-60
(coastline to 60 m [197 ft] of water) and 3-6 production structures are predicted for Subarea W60-200.
From 18 to 36 structure removals using explosives are projected for the Subarea WO0-60 and 2-4 are
projected in Subarea W60-200. The explosive removal of platforms should not impact the biota of
topographic features because the proposed Topographic Features Stipulation prohibits the emplacement
of platforms within 152 m (500 ft) of the No Activity Zone boundaries. This emplacement would prevent
shock-wave impacts and resuspended sediments from reaching the biota of topographic features. Site
clearance operations following a structure removal typically employ trawling the sea bottom within a
radius of up to 400 m (1,320 ft) to retrieve anthropogenic debris. In areas near sensitive habitats,
operators may be required to use sonar to detect debris and scuba divers to retrieve it. This precaution is
exercised by BOEM as needed in the activity permitting process.

Summary and Conclusion

The proposed Topographic Features Stipulation, if applied, would prevent most of the potential
impacts on topographic features from bottom-disturbing activities (structure removal and emplacement)
and operational discharges associated with a CPA proposed action through avoidance, by requiring
individual activities to be located at specified distances from the feature or zone. Because of the No
Activity Zone, permit restrictions, and the high-energy environment associated with topographic features,
if any contaminants reach topographic features they would be diluted from their original concentration
and impacts that do occur would be minimal.

Effects of the Proposed Action without the Proposed Stipulation

The topographic features and associated coral reef biota of the CPA could be adversely impacted by
oil and gas activities resulting from a CPA proposed action in the absence of the proposed Topographic
Features Stipulation. This would be particularly true should operations occur directly on top of or in the
immediate vicinity of otherwise protected CPA topographic features. The BOEM acknowledges that
impacts from routine activities without the proposed Topographic Features Stipulation could be greater
for those topographic features that may have been already impacted by the DWH event.

The No Activity Zone of the topographic features would be most susceptible to adverse impacts if oil
and gas activities are unrestricted without the proposed Topographic Feature Stipulation. These
impacting activities could include vessel anchoring and infrastructure emplacement; discharges of drilling
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muds, cuttings, and produced water; and ultimately the explosive removal of structures. All the above-
listed activities have the potential to considerably alter the diversity, cover, and long-term viability of the
reef biota found within the No Activity Zone. In most cases, recovery from disturbances would take
10 years or more (Fucik et al., 1984; Rogers and Garrison, 2001). Long-lasting and possibly irreversible
change would be caused mainly by vessel anchoring and structure emplacement (pipelines, drill rigs, and
platforms).  Such activities would physically and mechanically alter benthic substrates and their
associated biota.  Construction discharges would cause substantial and prolonged turbidity and
sedimentation, possibly impeding the well-being and permanence of the biota and interfering with larval
settlement, resulting in the decrease of live benthic cover. Finally, the unrestricted use of explosives to
remove platforms installed in the vicinity of or on the topographic features could cause turbidity,
sedimentation, and shock-wave impacts that would affect reef biota.

The shunting of cuttings and fluids, which would be required by the proposed Topographic Features
Stipulation, is intended to limit the smothering and crushing of sensitive benthic organisms caused by
depositing foreign substances onto the topographic features. The impacts from unshunted exploration and
development discharges of drill cuttings and drilling fluids within the exclusion zones would impact the
biota of topographic features. Specifically, the discharged materials would cause prolonged events of
turbidity and sedimentation, which could have long-term deleterious effects on local primary production,
predation, and consumption by benthic and pelagic organisms, biological diversity, and benthic live
cover. The unrestricted discharge of drilling cuttings and fluids during development operations would be
a further source of impact to the sensitive biological resources of the topographic features. Therefore, in
the absence of the proposed Topographic Features Stipulation, a CPA proposed action could cause
significant long-term (10 years or more) adverse impacts to the biota of the topographic features (Fucik et
al., 1984; Rogers and Garrison, 2001).

4.2.1.7.3. Impacts of Accidental Events

The topographic features of the CPA that sustain sensitive offshore habitats are listed and described in
Chapter 4.2.1.7.1. Refer to Chapter 2.4.1.3.1 for a complete description and discussion of the proposed
Topographic Features Stipulation. Disturbances resulting from a CPA proposed action, including oil
spills and blowouts, have the potential to disrupt and alter the environmental, commercial, recreational,
and aesthetic values of topographic features of the CPA.

A Topographic Features Stipulation similar to the one described in Chapter 2.4.1.3.1 has been
included in appropriate leases since 1973 and may, at the option of the ASLM, be made a part of
appropriate leases resulting from a CPA proposed action. Although the lease stipulation was created to
protect topographic features from routine impacts of drilling and production, it also protects topographic
features from accidental impacts by distancing wells from the features. The impact analysis of accidental
events associated with a CPA proposed action presented here includes the proposed Topographic Features
Stipulation. As noted in Chapter 2.4.1.3.1, the proposed stipulation establishes a No Activity Zone
around topographic features, which distances these features from possible accidental impacts that could
occur. Clarification on how the proposed Topographic Features Stipulation applies to operators is
detailed in the NTL 2009-G39 (USDOI, MMS, 2009a).

Possible Modes of Exposure

Oil released to the environment as a result of an accidental event may impact topographic features in
several ways. Oil may be physically mixed into the water column from the sea surface, be injected below
the sea surface and travel with currents, be dispersed in the water column, or be adsorbed to sediment
particles and sink to the seafloor. These scenarios and their possible impacts are discussed in the
following sections.

An oil spill that occurs at the sea surface would result in a majority of the oil remaining at the sea
surface. Lighter compounds in the oil may evaporate, and some components of the oil may dissolve in
the seawater. Evaporation allows the removal of the most toxic components of the oil, while dissolution
may allow bioavailability of hydrocarbons to marine organisms for a brief period of time (Lewis and
Aurand, 1997). Remnants of the oil may then emulsify with water or adsorb to sediment particles and fall
to the seafloor.
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A spill that occurs below the sea surface (i.e., at the rig, along the riser between the seafloor and sea
surface, or through leak paths on the BOP/wellhead) would result in most of the released oil rising to the
sea surface. All known reserves in the Gulf of Mexico have specific gravity characteristics that would
preclude oil from sinking immediately after release at a blowout site. As discussed in Chapter 3.2.1.5.4,
oil discharges that occur at the seafloor from a pipeline or loss of well control would rise in the water
column, surfacing almost directly over the source location, thus not impacting sensitive benthic
communities. If the leak is deep in the water column and the oil is ejected under pressure, oil droplets
may become entrained deep in the water column (Boehm and Fiest, 1982). The upward movement of the
oil may be reduced if methane in the oil is dissolved at the high underwater pressures, reducing the oil’s
buoyancy (Adcroft et al., 2010). The large oil droplets would rise to the sea surface, but the smaller
droplets, formed by vigorous turbulence in the plume or the injection of dispersants, may remain neutrally
buoyant in the water column, creating a subsurface plume (Adcroft et al., 2010). Oil droplets less than
100 um in diameter may remain in the water column for several months (Joint Analysis Group, 2010a).
Dispersed oil in the water column begins to biodegrade and may flocculate with particulate matter,
promoting sinking of the particles.

Impacts that may occur to benthic communities on topographic features as a result of a spill would
depend on the type of spill, distance from the spill, relief of the biological feature, and surrounding
physical characteristics of the environment (e.g., turbidity). The NTL 2009-G39 describes the proposed
Topographic Features Stipulation, which requires buffers to prevent oil spills in the immediate vicinity of
a topographic feature or its associated biota. This Agency has created No Activity Zones around
topographic features in order to protect these habitats from disruption due to oil and gas activities. A No
Activity Zone is a protective perimeter drawn around each feature that is associated with a specific
isobath (depth contour) surrounding the feature in which structures, drilling rigs, pipelines, and anchoring
are not allowed. These No Activity Zones are areas protected by BOEM policy. The NTL 2009-G39
recommends that drilling not occur within 152 m (500 ft) of a No Activity Zone of a topographic feature.
This additional recommendation is based on essential fish habitat, and construction within the essential
fish habitat would require project-specific consultation with NMFS.

Oil released during accidental events may reach topographic features. As described above, most of
the oil released from a spill would rise to the sea surface and therefore reduce the amount of oil that may
directly contact communities on topographic features. Small droplets of oil in the water column could
possibly migrate into No Activity Zones, attach to suspended particles in the water column, and sink to
the seafloor (McAuliffe et al., 1975). Topographic features and their benthic communities that are
exposed to subsea plumes, dispersed oil, or oil adsorbed to sediment particles may demonstrate reduced
recruitment success, reduced growth, and reduced coral cover as a result of impaired recruitment. These
impacts are discussed in the following sections.

Surface Slicks and Physical Mixing

The potential of surface oil slicks to affect topographic features is limited by its ability to mix into the
water column. Topographic features are high-relief protrusions above the seafloor on the continental
shelf; the shallowest peaks rise to within 15 m (49 ft) of the sea surface. The two peaks of the Flower
Garden Banks are the shallowest and most sensitive features, supporting true coral reefs. Other banks are
deeper, supporting reef communities, but not coral reefs (Chapter 4.2.1.7.1). The depth of the
topographic features below the sea surface helps protect benthic species from physical oil contact through
distance below the sea surface. Studies have indicated that even if a surface oil slick were to occur above
the topographic features, including the Flower Garden Banks, the impacts of the oil would be limited to
the upper layers of the water column (Guillen et al., 1999).

Field data collected at the Atlantic entrance to the Panama Canal 2 months after a tanker spill has
shown that subtidal coral species (i.e., Porites furcata, Porites asteroids, Siderastrea radians, and
Millepora complanata), all of which are also present in the Gulf of Mexico, did not show measurable
impacts from the oil spill, presumably because the coral was far enough below the surface oil and the oil
did not contact the coral (Rutzler and Sterrer, 1970). Similar results were reported from a Florida coral
reef immediately following and 6 months after a tanker discharged oil nearby (Chan, 1977). The lack of
acute toxicity was again attributed to the fact that the corals were completely submerged at the time of the
spill and calm conditions prevented the oil from mixing into the water column (Chan, 1977).
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Disturbance of the sea surface by storms can mix surface oil into the water column, but the effects are
generally limited to the upper 10 m (33 ft). Modeling exercises have indicated that oil may reach a depth
of 20 m (66 ft). Yet at this depth, the spilled oil would be at concentrations several orders of magnitude
lower than the amount shown to have an effect on marine organisms (Lange, 1985; McAuliffe et al., 1975
and 1981a; Tkalich and Chan, 2002). Therefore, depth may contribute to the protection of topographic
features from physical mixing of surface oil below the sea surface. However, if dispersants are used, they
would enable oil to mix into the water column and possibly impact organisms on the topographic features.
Dispersants are discussed later in this section.

Subsurface Plumes

A subsurface oil spill or plume has the potential to reach a topographic feature and cause negative
effects. Such impacts on the biota may have severe and long-lasting consequences, including loss of
habitat, biodiversity, and live coverage; change in community structure; and failed reproductive success.

Topographic features are sheltered from petroleum-producing activities through stipulations written
into lease sales, which distance these activities from topographic features by creating No Activity Zones
around the features and placing an additional 152-m (500-ft) buffer beyond the No Activity Zone, as
described in the NTL 2009-G39 (USDOI, MMS, 2009a). As distance increases, this allows for several
physical and biological changes to begin to affect the oil before it reaches sensitive benthic organisms.
Dilution of oil may occur as it physically mixes with the surrounding water, and some evaporation may
occur. The longer and farther a subsea plume travels in the sea, the more dilute the oil would be
(Vandermeulen, 1982; Tkalich and Chan, 2002). Microbial degradation of the oil would begin in the
water column, reducing toxicity (Hazen et al., 2010; McAuliffe et al., 1981b). In addition, oil can adsorb
to sediments in the water column and sink to the seafloor. The oil will move in the direction of prevailing
currents (S.L. Ross Environmental Research Ltd., 1997); however, the reefs and banks should be
physically protected because currents generally move around the topographic features, which may help
sweep the subsea oil clear of the banks (Bright and Rezak et al., 1978; Rezak et al., 1983; McGrail, 1982).
Also, subsea oil plumes transported by currents may not travel nearly as far as surface oil slicks because
some oil droplets may conglomerate and rise or may be blocked by fronts, as was observed in the
southern Gulf of Mexico during the Ixtoc | spill (Boehm and Fiest, 1982). Should any of the oil come in
contact with adult sessile biota, effects would be primarily sublethal, as the oil would be diluted by
physical and biological processes by the time it reaches the banks. Low-level exposure impacts may vary
from chronic to temporary, or even immeasurable.

In the event that low concentrations of oil transported in subsea plumes reaches benthic features, coral
feeding activity may be reduced. Experiments indicated that normal feeding activity of Porites porites
and Madracis asperula were reduced when exposed to 50 ppm oil (Lewis, 1971). Tentacle pulsation of
an octocoral, Heteroxenia fuscescens, has also been shown to decrease upon oil exposure, although
recovery of normal pulsation was observed 96 hours after the coral was removed from the oil (Cohen
etal., 1977). Porites furcata exposed to marine diesel and Bunker C oil reduced feeding and left their
mouths open for longer than normal periods of time (Reimer, 1975).

Direct oil contact may result in coral tissue damage. Coral exposed to sublethal concentrations of oil
for 3 months revealed atrophy of muscle bundles and mucus cells (Peters et al., 1981). Porites furcata
submersed in Bunker C oil for 1 minute resulted in 100 percent tissue death (with a lag time of 114 days)
(Reimer, 1975).

Reproductive ability may also be reduced if coral is exposed to oil. A hermatypic coral, Stylophora
pistillata, and an octocoral, Heteroxenia fuscescens, shed their larvae when exposed to oil (Loya and
Rinkevich, 1979; Rinkevich and Loya, 1977; Cohen et al., 1977). Neither of these species is present in
the Gulf of Mexico, but responses may be similar in Gulf species. Undeveloped larvae exposed to oil in
the water column have a reduced chance of survival due to predation (Loya and Rinkevich, 1979), which
would in turn reduce the ability of larval settlement and reef expansion or recovery. A similar expulsion
of gametes may occur in species that have external fertilization (Loya and Rinkevich, 1979), such as those
at the Flower Garden Banks in the WPA (Gittings et al., 1992c), which may then reduce gamete
survivorship due to oil exposure.

The overall ability of a coral colony to reproduce may be affected by oil exposure. Reefs of
Siderastrea siderea that were oiled in a spill produced smaller gonads than unoiled reefs, which resulted
in reproductive stress for the oiled reef (Guzman and Holst, 1993). Stylophora pistillata reefs exposed to
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oil had fewer breeding colonies, reduced number of ovaries per polyp, and significantly reduced fecundity
compared with unoiled reefs (Rinkevich and Loya, 1977). Impaired development of reproductive tissue
has been reported for other reef-building corals exposed to sublethal concentrations of oil as well (Peters
et al., 1981). Larvae also may not be able to settle on reefs impacted by oil. Field experiments on
Stylophora pistillata showed reduced settlement rates of larvae on artificial substrates of oiled reefs
compared with control reefs and lower settlement rates with increasing concentrations of oil in test
containers (Rinkevich and Loya, 1977).

Oil exposure is believed to reduce photosynthesis and growth in corals; however, low-level exposures
have produced counterintuitive and sometimes immeasurable results. Photosynthesis of the zooxanthellae
in Diploria strigosa exposed to approximately 18-20 ppm crude oil for 8 hours was not measurably
affected, although other experiments indicate that photosynthesis may be impaired at higher
concentrations (Cook and Knap, 1983). A longer exposure (24 hours) of 20 mL/L (20 ppt) oil markedly
reduced photosynthesis in Stylophora pistillata; however, concentrations of 2.5 mL/L (2.5 ppt) oil
resulted in physiological stress that caused a measurable increase in photosynthesis as compared with
controls (Rinkevich and Loya, 1983). Other impacts recorded include the degeneration and expulsion of
photosynthetic zooxanthellae upon coral exposure to oil (Loya and Rinkevich, 1979; Peters et al., 1981).
Long-term growth changes in Diploria strigosa that was exposed to oil concentrations up to 50 ppm for
6-24 hours did not show any measurably reduced growth in the following year (Dodge et al., 1984).

Corals exposed to subsea oil plumes may also incorporate petroleum hydrocarbons into their tissue.
Records indicate that Siderastrea siderea, Diploria strigosa, Montastraea annularis, and Heteroxenia
fuscescens have accumulated oil from the water column and have incorporated petroleum hydrocarbons
into their tissues (Burns and Knap, 1989; Knap et al., 1982; Kennedy et al., 1992; Cohen et al., 1977).
Hydrocarbon uptake may also modify lipid ratios of coral (Burns and Knap, 1989). If lipid ratios are
modified, mucus synthesis may be impacted, adversely affecting coral ability to protect itself from oil
through mucus production (Burns and Knap, 1989).

Sublethal effects, although often hard to measure, could be long lasting and affect the resilience of
coral colonies to natural disturbances (e.g., elevated water temperature, extreme low tides, and diseases)
(Jackson et al., 1989; Loya, 1976a). Continued exposure to oil from resuspended contaminated sediments
in the area could also impact coral growth and recovery (Guzman et al., 1994). Any repetitive or long-
term oil exposure could inhibit coral larvae’s ability to settle and grow, may damage coral reproductive
systems, may cause acute toxicity to larvae, and may physically alter the reef interfering with larval
settlement, all of which would reduce coral recruitment to an impacted area (Kushmaro et al., 1997; Loya,
1975 and 1976a; Rinkevich and Loya, 1977). Exposure of eggs and larvae to oil in the water column may
reduce the success of a spawning event (Peters et al., 1997). Sublethal exposure to oil may in fact be
more detrimental to corals than high concentrations of oil (Cohen et al., 1977), as sublethal concentrations
are typically more widespread and have a larger overall community effect. Therefore, the sublethal
effects of oil exposure, even at low concentrations, may have long-lasting effects on the community.

There was, however, a recent report that indicated damage to a deepwater coral community in the
CPA (11 km [7 mi] from the Macondo well) in water far deeper than the reef organisms on the
topographic features (USDOI, BOEMRE, 2010j). This deepwater coral community appears to have been
impacted by contact with oil resulting from the DWH event (USDOI, BOEMRE, 2010j). See Chapter
4.2.1.10 for a detailed description of the affected deepwater coral community. The circumstances of the
deepwater coral exposure appear to be unique because the release of oil was approximately 1,500 m
(4,921 ft) below the sea surface at high pressure, which caused the formation of a subsea plume of oil that
was treated with dispersant, allowing it to remain at a water depth between approximately 1,100 and
1,300 m (3,609 and 4,265 ft) (Joint Analysis Group, 2010a). This 200-m (656-ft) thick subsea plume was
in deep water (1,100-1,300 m [3,600-4,265 ft]) and was thought to be bounded by stratified density layers
of water, allowing it to remain at depth instead of dispersing into the water column and to eventually
contact the coral. This situation identified with this deepwater coral community in the CPA would not be
expected to occur on the continental shelf where the topographic features are located. Stratified waters
(nepheloid layer) found on the continental shelf are normally restricted to near the seafloor no more than
20 m (66 ft) up into the water column (Bright et al., 1976; Bright and Rezak, 1978). Therefore, while
stratified layers in deep water may cover 200 m (656 ft) of depth, layers on the shelf would have a smaller
range and oil trapped in the bottom layer would be restricted to <20 m (66 ft) above the seafloor. The
reef organisms of the topographic features live above the turbid waters and, therefore, they could not be
contacted by stratified oil later. Also, currents typically travel around, not over, topographic features,
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directing oil away from topographic highs rather than over them (Rezak et al., 1983). It is possible,
however, that some of the banks with lower relief, which may frequently be covered by the nepheloid
layer (Bright and Rezak, 1977), could encounter oil trapped in this density layer.

It is important to note that the lease stipulations described in NTL 2009-G39 protect topographic
features from both routine and accidental impacts that may occur during petroleum production. These
stipulations focus OCS activities at specified distances from the topographic features, thereby increasing
the distance between the topographic features and a possible accidental event. In the case of a spill, this
distance would reduce the potential for contact with the features, as the released oil would be expected to
rise to the surface and disperse in the water.

Dispersed Oil

Chemically dispersed oil from a surface slick is not anticipated to result in lethal exposures to
organisms on topographic features. The chemical dispersion of oil may increase the weathering process
and allow surface oil to penetrate to greater depths than physical mixing would permit, and the dispersed
oil generally remains below the water’s surface (McAuliffe et al., 1981b; Lewis and Aurand, 1997).
However, reports on 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, with 60 percent of the oil in the top 2 m (6 ft)
(McAuliffe et al., 1981a). Dispersant usage also reduces the oil’s ability to stick to particles in the water
column, minimizing oil adsorbed to sediment particles traveling to the seafloor (McAuliffe et al., 1981a;
Lewis and Aurand, 1997).

Field experiments designed to test dispersant use on oil spills reported dispersed oil concentrations
between 1 and 3 ppm, 9 m (26 ft) below the sea surface, approximately 1 hour after treatment with
dispersant (McAuliffe et al., 1981a and 1981b). Other studies indicated that dispersed oil concentrations
were <1 ppm, 10 m (33 ft) below the sea surface (Lewis and Aurand, 1997). The biological impacts that
may occur from dispersant usage are greatest within the first hour of application and occur primarily to
organisms living near the water’s surface (Guillen et al., 1999). The above data indicate that the mixing
depth of dispersed oil is less than the depths of the crests of topographic features (greater than 15 m
[49 ft] below the sea surface), greatly reducing the possibility of exposure to dispersed surface oil.

Any dispersed surface oil that may reach the benthic communities of topographic features in the Gulf
of Mexico would be expected to be at very low concentrations (<1 ppm) (McAuliffe et al., 1981a). Such
concentrations would not be life threatening to larval or adult stages, based on experiments conducted
with coral (Lewis, 1971; Elgershuizen and De Kruijf, 1976; Knap, 1987; Wyers et al., 1986; Cohen et al.,
1977) and observations after oil spills (Jackson et al., 1989; Guzman et al., 1991). Any dispersed oil in
the water column that comes in contact with corals, however, may evoke short-term negative responses
by the organisms, such as reduced feeding and photosynthesis or altered behavior (Wyers et al., 1986;
Cook and Knap, 1983; Dodge et al., 1984).

The use of dispersants near or above protected features, such as the Flower Garden Banks or other
topographic features, could result in impacts to the features because dispersants allow floating oil to mix
with water. The Flower Gardens Oil Spill Mitigation Workgroup discourages the use of dispersants near
the Flower Garden Banks, especially from May to September when coral is spawning (Guillen et al.,
1999). Mechanical oil cleanup is suggested during this time of year because coral larvae is sensitive to
dispersants and the sea state is calm, allowing for mechanical removal (Guillen et al., 1999). The Flower
Garden Banks National Marine Sanctuary helped to develop a regional response plan for dispersant use
near the sanctuary using literature, field observations, and spill risk assessments (Gittings, 2006). Results
of the investigations led to a NOAA policy revision in 1994 that allowed dispersant use if the Federal
On-Scene Coordinator deems it appropriate; however, the Flower Garden Banks National Marine
Sanctuary requests that dispersant application be as far as possible from the sanctuary and not occur
during seasonal species gatherings or spawning. Also, the Sanctuary’s management must be consulted
and forwarded incident relevant data (Gittings, 2006). The distancing of the dispersant application from
the Flower Garden Banks National Marine Sanctuary would allow for dilution of the compounds in the
surrounding water column away from protected habitat. However, as stated above, the use of dispersants
near protected features is left to the discretion of the Federal On-Scene Coordinator on a case-by-case
basis.

Dispersants that are used on oil below the sea surface can travel with currents through the water and
may contact benthic organisms on the topographic features. If the oil spill occurs near a topographic
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feature, the dispersed oil could be concentrated enough to harm the community. However, the longer the
oil remains suspended in the water column traveling with currents, the more dispersed it would become.
Weathering would also be accelerated and biological toxicity reduced (McAuliffe et al., 1981b).
Although the use of subsea dispersants 