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EXECUTIVE SUMMARY

This Environmental Assessment (EA) addresses the potential effects of oil and gas exploration,
development, and production operations in the deepwater areas of the Gulf of Mexico Outer
Continental Shelf (OCS) during the 10-year period 1998-2007. The western and central portions of
the northern Gulf of Mexico constitute one of the world's major oil and gas producing areas, and
have proved a steady and reliable source of crude oil and natural gas for more than 50 years. The
pace of exploration and development in the deepwater (water depths greater than 1,000 ft [305 m])
Gulf of Mexico has accelerated rapidly in the last few years. In these water depths, the use of
conventional, bottom-founded (fixed) platforms quickly becomes technologically infeasible and
uneconomic. As new discoveries are made in progressively deeper water, the technology continues
to evolve to meet technical, environmental, and economic needs of deepwater development. As a
supplement to this EA, the MMS has prepared a series of technical papers that provide a summary
description of the different types of structures that may be employed in the development and
production of hydrocarbon resources in the deepwater areas of the Gulf of Mexico (Regg, 2000).

This EA is a programmatic assessment of current and projected deepwater activities on the Gulf
of Mexico OCS. This document is intended to be used as a planning tool to help both the MMS and
industry envision the level and the extent of a National Environmental Policy Act (NEPA) review
that will be required for future deepwater activities. The MMS:=s specific objectives in this document
are the following:

o ensure that the deepwater activities occur in a technically safe and environmentally
sound manner;

o determine which deepwater activities are substantially different from those on the
continental shelf;

e determine which deepwater activities are substantially the same as those on the
continental shelf;

o identify and evaluate the potential impacts of deepwater activities;
e develop mitigation measures for further evaluation;

e identify potential research or studies related to deepwater activities and
environmental resources; and

provide a summary document on deepwater technologies, activities, and impacts.

Issues

The issues addressed in this EA are related to deepwater technology, operations, and operational
environment; water and air quality; accidental release of oil or chemical products; and potential
impacts on biological communities or the socioeconomic infrastructure. These issues were identified
through scoping or by MMS staff as warranting consideration. Many of these issues have been
analyzed in previous NEPA documents.
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Operational and Component-based Findings

Based on the information and analyses in the EA, MMS finds that a programmatic environmental
impact statement (EIS) on regional deepwater activities on the Gulf of Mexico OCS is not required.
The components of deepwater operations and associated activities are listed in the summary matrix
in Chapter 2. As indicated below, some deepwater components have been addressed by requiring
specific mitigation measures, initiating a more in-depth EA, and initiating an EIS.

Most deepwater operations and activities are substantially the same as those associated with
conventional operations and activities on the continental shelf. These deepwater components and
activities include anchoring, mooring, stationkeeping, most drilling and well completion activities
(the exceptions are discussed below), well test and cleanup operations, flaring/burning, facility
installation and production operations, host facilities, alternative transportation options, operational
emissions, routine produced-water discharges, support service activities, decommissioning, and site
clearance. Existing NEPA documents, established project-specific and programmatic NEPA review
processes, and established mitigation measures are fully sufficient to address these deepwater
components and associated activities.

Specific deepwater operations and activities that are substantially different from those associated
with conventional operations and activities on the continental shelf have been addressed by requiring
specific mitigation measures, initiating a more in-depth EA, and initiating an EIS.

Seafloor discharges from pre-riser and riserless drilling operation, and the discharge of synthetic
drilling fluids (SDF) and cuttings wetted with SDF may pose potentially significant localized
impacts to chemosynthetic communities. An appropriate mitigation measure has been developed
to avoid or reduce the potential for significant impacts from these factors. Deepwater wells must be
at least 1,000 ft away from any potential high-density chemosynthetic communities. Notice to
Lessees and Operators (NTL) 98-11 is being modified to include this 1,000-ft buffer zone around
all deepwater well sites. As the NTL goes through the formal review and implementation process,
this mitigation is currently being applied on a site-by-site basis.

Accidental spills of chemical products and the subsea release of oil are low-probability events.
Extensive mitigation measures for spill prevention and response are currently required.

Deepwater seismic surveying operations are essentially the same as seismic surveying operations
on the continental shelf. Historically, the potential impacts of noise associated with seismic
surveying have been considered insignificant; this EA does not support changing this position at this
time. As this position has recently become controversial, the potential impacts of geological and
geophysical (G&G) activities, including seismic surveying operations, on the Gulf of Mexico OCS
are currently being analyzed in detail in a separate EA. The decision on the need to prepare an EIS
on seismic surveying operations is pending completion of the G&G EA.

The use of floating production, storage, and offloading (FPSO) systems represents new and
unusual technology for the Gulf OCS and may pose potentially significant impacts to the marine and
coastal environments. The need for an EIS was recognized early during the preparation of this EA.
A Notice of Intent to Prepare an EIS was published in the Federal Register on June 10, 1999.

Deepwater operations have the potential to result in oil spills on the OCS that are greatly larger
than those previously analyzed. An occurrence of a spill associated with deepwater operations or
activities is a very low-probability event. The behavior and transport dynamics of accidental subsea
release of oil are not completely understood. After weathering and dissipation, proportionally greater
volumes of oil could remain in the marine environment or be delivered to coastal habitats than spill
volumes that have been previously analyzed in MMS NEPA documents. Tankering of oil from
deepwater operations has the potential to result in substantially larger OCS oil spills that could occur
closer to or directly in coastal habitats. Deepwater-produced oils may contain high asphaltene
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concentrations. Spills of such oils may permanently cover water bottoms and wetlands, increasing
the occurrence and volume of tar in the marine and coastal environments. The extensive mitigation
measures for oil-spill prevention and response currently required are considered adequate to
minimize the risk of spills and potential impacts. The unknown aspects of the behavior and transport
dynamics of subsea oil releases are being addressed through current and planned contractual studies
and joint government/academia/industry research.

Resource Analyses

The potential impacts and environmental consequences of deepwater activities are analyzed by
resource topic. Summaries of the impact conclusions are presented below.

Chemosynthetic Communities

Chemosynthetic communities are susceptible to physical impacts from structure placement
(including templates or subsea completions), anchoring, and pipeline installation. NTL 98-11
prevents these physical impacts by requiring avoidance of potential chemosynthetic communities.
Potentially severe or catastrophic impacts could occur to high-diversity communities located near
deepwater wells from partial or complete burial by muds and cuttings associated with pre-riser
discharges or some types of riserless drilling. Variations in the dispersal and toxicity of synthetic-
based drilling fluids may contribute to the potential areal extent of these impacts.

Studies indicate that periods as long as hundreds of years are required to reestablish a
chemosynthetic community once it has disappeared, although a community may reappear relatively
quickly once the process begins. Tube-worm communities may be the most sensitive of all
communities because of the combined requirements of hard substrate and active hydrocarbon
seepage. Mature tube-worm bushes have been found to be several hundred years old, with individual
worms potentially reaching 400 years of age. There is evidence that substantial impacts on these
communities would permanently prevent reestablishment.

Nonchemosynthetic Benthic Communities

Most impacts of deepwater operations to nonchemosynthetic benthic communities are similar to
impacts associated with OCS Program activities in general. Some impact to benthic communities
from drilling and production activities would occur as a result of physical impact from structure
placement, anchoring, and installation of pipelines. Megafauna and infauna communities at or below
the sediment/water interface would be impacted from the muds and cuttings normally discharged at
the seafloor at the start of every new well prior to riser installation. The impact from muds and
cuttings discharged at the surface is expected to be low in deep water as drilling muds would not be
expected to reach the bottom beyond a few hundred meters from the surface-discharge location, and
cuttings would be dispersed. Even if substantial burial were to occur, recolonization from
populations from neighboring substrate would be expected over a relatively short time for all size
ranges of organisms, in a matter of days for bacteria and probably less than one year for most all
macrofauna species.

Deepwater coral reefs and other potential hard-bottom communities not associated with
chemosynthetic communities appear to be very rare in deep water. These unique communities are
similar in nature to those on protected pinnacles and topographic features on the continental shelf.
Any hard substrate communities located in deep water would be particularly sensitive to impacts
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from OCS activities. Impacts to these sensitive habitats could permanently prevent recolonization
by similar organisms requiring hard substrate.

Marine Mammals

As a result of a progression of activities into deeper water, there will be an increase in the number
of cetacean species (a different constellation of animals) and individual animals affected. Deepwater
cetaceans may be more behaviorally sensitive to OCS activities, since these animals occur in areas
where they may have had little or no previous exposure to or experience with exploration and
development activities. Deepwater cetaceans have a different ear structure than shallow-water
cetaceans; deepwater cetaceans are more sensitive to low-frequency sounds, while shallow-water
cetaceans are more sensitive to relatively high-frequency sounds. Cetacean stock discreteness also
becomes a more important issue.

Deepwater activities are unlikely to have long-term adverse effects on the size and productivity
of any marine mammal population stock in the northern Gulf of Mexico. The notable exception
would be an oil spill occurring at a time and place where marine mammals are concentrated or a spill
that would adversely affect the habitats or habitat component (e.g., important prey species) essential
to the well-being of any marine mammal species or population stock in the northern Gulf. There is
no information on the distribution of cetaceans prior to oil and gas exploration and development in
the northern Gulf of Mexico. The present distribution patterns of both large and small cetaceans may
already reflect displacements in response to the expansion of OCS activities into deepwater areas.

Small numbers of marine mammals could be killed or injured by chance collision by OCS-related
vessels or by eating indigestible trash, particularly plastic items, accidentally lost from OCS-related
facilities or vessels. Few lethal impacts are expected. Deaths caused by structure removals are not
expected because of existing mitigation measures. The evidence on whether anthropogenic noise
has or has not caused long-term displacements of, or reductions in, marine mammal populations is
inconclusive. Contaminants in waste discharges and drilling fluids could indirectly affect marine
mammals through food-chain biomagnification. Biological impact of any mortality would depend,
in part, on the size and reproductive rates of the affected stocks (e.g., whether the species is listed
as endangered), as well as the number, age, and sex of animals affected.

Sea Turtles

The density of sea turtles and the chance of contact with deepwater activities appear to be less
than on the shelf for all but leatherback turtles. Deepwater activities are unlikely to have long-term
adverse effects on the population size and productivity of any sea turtle species in the northern Gulf
of Mexico. The notable exception would be an oil spill occurring at a time and place where sea
turtles are concentrated or a spill that would adversely affect the habitats or habitat components (e.g.,
important prey species) essential to the well-being of any sea turtle species in the northern Gulf.
There is direct evidence that turtles have been seriously harmed by oil spills.

Sea turtles could be impacted by the degradation of water quality resulting from operational
discharges, helicopter and vessel traffic, noise, brightly lit platforms, explosive structure removals,
oil spills, oil-spill response activities, and trash and debris lost from OCS-related facilities or vessels.
Most deepwater OCS activities are expected to have sublethal effects (behavioral effects, and
nonfatal exposure to or intake of OCS-related contaminants or debris). Contaminants in waste
discharges and drilling fluids might indirectly affect sea turtles through food-chain biomagnification;
there is uncertainty concerning the possible effects. Chronic sublethal effects (e.g., stress) resulting
in persistent physiological or behavioral changes and/or avoidance of impacted areas could cause
declines in survival or productivity and result in either acute or gradual population declines. Few
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lethal impacts are expected. Lethal effects are most likely to be from chance collisions by
deepwater-related service vessels and ingestion of plastic materials. Deaths caused by platform
removal operations are not expected because of existing mitigation measures. Contact with or
consumption of chemical products or diesel might seriously harm individual turtles, thereby possibly
seriously impacting the sea turtle population. Biological impact of any mortality would depend, in
part, on the size and reproductive rates of the affected stocks (e.g., whether the species is listed as
endangered), as well as the number, age, and sex of animals affected.

Fishing and Fisheries

Operations resulting from oil and gas development in deepwater areas of the Gulf of Mexico
have the potential to cause some detrimental effects on fisheries and fishing practices. Activities
such as offshore discharge of drilling fluids and produced water are expected to cause negligible
impacts and to not affect commercial fisheries deleteriously. Factors such as production platform
emplacement, underwater OCS impediments, explosive platform removal, and accidental oil spills
could cause greater impacts on fisheries and fishing practices. However, the actual effects from
these potential impact-producing factors are expected to be inconsequential. At the expected level
of effect, the resultant influence on fisheries should be indistinguishable from natural population
variations.

Air Quality

Air pollutants from an OCS facility can impact other OCS facilities, fishermen, mariners, cruise
ship passengers, marine mammals, sea turtles, birds, and, to a lesser extent because of dispersion,
the onshore environment.

Flaring/Burning: The MMS regulations do not allow approval of flaring/burning operations that
have significant impacts on air quality. The established review process at the flare/burn request stage
should continue to be effective in identifying the potentially significant flare/burn requests.

Class I Area: Preliminary work to inventory emission sources (accomplished as part of the
Breton Aerometric Monitoring Program) indicates that stationary OCS sources will not be the major
contributor to any exceedance of the allowable increase in SO; levels (i.e., will not play a large role
in consuming the SO, increment) in the Class I area. Although cumulative OCS NOy emissions do
exceed the 1-pg/m’-threshold in some areas within 100 km of the Breton National Wilderness Area,
this level includes both baseline (existing) and incremental (additional) emissions.

Hazardous Air Pollutants (HAP<s): The MMS currently lacks a regulatory framework for
requiring control of HAP emissions. Insufficient information exists to quantify the BTEX emissions
from OCS operations. The information that is available, specifically that glycol still vents are the
primary point source of BTEX emissions in the United States and that the majority of the OCS glycol
still vents are uncontrolled, indicates that potentially substantial quantities of BTEX are being
emitted. Limited information about the types, quantities, and locations of chemicals transported,
stored, and used by deepwater facilities makes it difficult to quantify potential impacts that might
be associated with accidental releases of chemical products. Information is lacking on any control
devices planned or in-place to mitigate any accidental releases of chemical products. Current
information indicates that the impacts would be relatively small or of short duration because of the
relatively small size of most reported tanks. An exception to this could be a rupture of a supply
pipeline near to or on shore; such a release could impact onshore air quality.

Ozone: Reanalysis of the Gulf of Mexico Air Quality Study data for the 8-hr averaging period
indicates substantial contributions to onshore concentrations from OCS sources. Once the
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redesignation, based on requirements of the September 1997 ozone NAAQS, occurs in September
2000, steps may be needed to control emissions of ozone precursors. A subsea blowout in deep
water could generate substantial quantities of VOC=s and, correspondingly, ozone for an extended
period.

Hydrogen Sulfide: H,S is the only HAP for which MMS requires a contingency plan.
Combining the very low density of non-OCS-related people in the deepwater areas and the very low
frequency of H,S accidents, statistically less than one non-OCS-related person would likely be
affected by an accidental release of H,S.

Archaeological Resources

The greatest potential impact on an archaeological resource as a result of deepwater activities
would be from contact between an OCS offshore activity (platform/structure installation, drilling rig
emplacement, pipeline installation, or dredging project) and a historic shipwreck. OCS activities
could contact a shipwreck because of incomplete knowledge on the location of shipwrecks in the
Gulf. Although this occurrence is not probable, such an event would result in the disturbance or
destruction of important historic archaeological information. Other activities associated with
deepwater activities are not expected to impact historic archaeological resources.

Impacts from an oil-spill contact on historic coastal sites would be temporary and reversible.

Water Quality

Deepwater activities are expected to incrementally increase support activities and the expansion
or construction of support bases. The impacts resulting from this growth are common to all OCS
support facilities (point-source waste discharges, runoff, dredging, and vessel discharges) and not
specific to deepwater activities. Moderate, short-term, water quality degradation may increase at a
few support base locations expected to grow as a consequence of deepwater activities (including
Corpus Christi, Galveston, and Port Fourchon). Existing onshore waste disposal practices may
change. If synthetic-based drilling fluids (SBF) and associated cuttings cannot be disposed of
offshore, temporary storage and onshore disposal may result in some localized contamination at
onshore bases and commercial waste-disposal facilities. Additionally, prohibiting the discharge of
cuttings containing SBF could increase the use of oil-based drilling fluids that will eventually have
to be treated and disposed of onshore, thus aggravating water quality problems currently being faced
at some existing commercial onshore disposal sites.

The probability of deepwater-related spills occurring and contacting coastal waters is very low,
and generally, because of the distance from shore, deepwater spills are not expected to cause impacts
different than from spills from shallow water operations. Some deepwater operations have the
potential to result in very large oil spills that, even after weathering, could remain on the sea surface
long enough for a substantial quantity to reach coastal waters. There are two deepwater areas from
which a larger volume of oil may reach coastal waters and coastal habitats than volumes expected
from spills occurring on the shelf. This would be due to a combination of greater size of deepwater
spills, the areas’ proximity to the shoreline, and projected oil spill trajectory paths. These areas are
off the Mississippi Delta and off southern Texas. During September through April, the western Gulf
of Mexico has a well-developed westward coastal current from Louisiana to Texas waters. Under
the physical oceanographic and meteorological conditions during this period, the risk of a deepwater
spill contacting the nearest shore line may be extremely low; the higher risks of contact may
displaced to areas farther from the spill source. Shuttle tankering of oil from deepwater operations
has the potential to result in spills that could impact coastal waters in a very short time period if the
spill were to occur near port.
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Because studies have yet to be conducted on how discharge plumes under varying oceanographic
conditions impact sediments surrounding deepwater discharge sites, the fate of deepwater operational
waste discharges cannot be accurately predicted. The types of discharges in deep water will be the
same as those on the shelf, the volume of discharges from deepwater locations will typically be
greater than in shallow sites, and the number of deepwater discharge sites will be fewer. In addition,
the volume of water available for dilution of discharges will be greater. The impacts caused by
deepwater discharges are not anticipated to be consequential. Because information on potential
impacts to chemosynthetic communities is limited, MMS is proposing an NTL that will prohibit
industry from locating discharge points for drilling muds and cuttings within 330 m (1,000 ft) of a
feature or area that could support high-density chemosynthetic communities.

The potential effects of SBF are related to their deposition and degradation on the seafloor. The
plume resulting from SBF-wetted cuttings, as compared with the discharge of water-based muds and
cuttings, should have less water-column effects because the SBF does not disperse in the water
column.

More extensive and frequent use of some chemical products to enhance throughput of the oil and
gas is anticipated in deepwater because of the temperatures and pressures encountered at the seafloor.
Spills of some chemicals may pose a more serious threat to marine water quality than do oil spills.
Limited information is available about the types and amounts of chemicals being used in deepwater
operations or about the potential impact of such spills.

Coastal Habitats

Most deepwater-related impacts on coastal habitats are largely indistinguishable from those
generated by other OCS Program activities.

The probability of deepwater-related spills occurring and contacting coastal habitats is very low;
however, deepwater operations have the potential to result in oil spills on the OCS that are larger
than those analyzed in previous EIS’s. Even after weathering and dissipation, very large spills could
deliver greater volumes of oil into coastal habitats than spills that have been previously analyzed.
Tankering of oil from deepwater operations also have the potential to result in large OCS oil spills
closer to or directly in coastal habitats. Such spills could heavily oil wetlands, waterways, and
beaches. Impacts of such oil contact include irreversible wetland loss and large reductions in habitat
productivity for an extended period of time. These impacts would be more severe in areas with
highly organic soils and where other environmental stressors are involved, such as in Louisiana.

Deepwater-produced oils may contain high asphaltene concentrations. Spills of such oil may
permanently cover water bottoms and wetlands, thereby presenting the first notable and serious OCS
impact to submerged vegetation, oysters, and other benthic organisms in coastal habitats and to
navigation. Impacts include depositing an impenetrable and nondispersing asphaltic concrete over
benthic environments, rendering them nonproductive. Viscous oils and related concretes can also
form obstructions in navigable waterways. Such spills may also greatly increase the occurrence and
volume of tar on barrier beaches and in other coastal habitats around the Gulf. There, tar is an
environmental nuisance as well as a financial drain on industries such as trawling and recreational
use of beaches.

Socioeconomic Resources

Employment projected to occur in association with Gulf deepwater activities is expected to be
filled primarily by persons already engaged in OCS oil- and gas-related jobs and by unemployed and
underemployed persons living in the area. The coastal counties and parishes of Texas and Louisiana
should provide the greatest support and, hence, incur the greatest potential impacts. Inasmuch as
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local residents will take some of these jobs, including high-paying positions, positive effects should
occur. Given the present amount of OCS-related jobs along the Gulf Coast, there should be only
minor workforce fluctuations. Population throughout the region of influence will increase, but at
markedly different rates, which may or may not be causally related to deepwater activities. Some
importation of skilled labor may be required. Social and cultural problems typically associated with
migration may occur but should be minor. Several different possible scenarios may result in the
siting of new supporting onshore facilities, with their concomitant economic and environmental
implications, near low-income or minority populations. Existing onshore facilities may be expanded
to handle additional work requirements.

Economic and logistic considerations, as well as local zoning and permitting requirements, drive
the choice of where to site onshore facilities. There should not be disproportionately high or adverse
human health or environmental effects on minority or low-income populations. Lack of information,
however, on potential locations of future onshore infrastructure makes it impossible to dismiss
potential disproportionate impacts.

Suggested Mitigation Measures for Further Evaluation

Many of the issues identified for this deepwater EA have been analyzed in previous NEPA
documents and, in some cases, mitigating measures were developed through the NEPA process.
Many of the mitigation measures have been established through MMS operating regulations or
Notices to Lessees (NTL-s). Some of the mitigation measures are applied on a project-specific basis.
Established mitigation measures are identified in the description of deepwater activities (Chapter II)
and discussed in the environmental consequence analyses (Chapter IV).

All of the suggested new mitigation measures in this EA are environmentally viable. Subsequent
to the completion of this EA, each mitigation measure will be evaluated for technological and
economic viability, expected benefits, and potential impacts. Measures that are found to be
environmentally, technologically, and economically viable and offer net environmental benefits will
be recommended for implementation. Implementation may be through MMS operating regulations
(30 CFR 250, 30 CFR 251, and 30 CFR 254), NTLss, or project-specific requirements.

Suggested Research and Information Synthesis

This EA identifies opportunities for additional research to enhance our understanding of
deepwater issues. Identification of these information needs is not meant to imply that these needs
are so critical that decisions on deepwater activities would have to cease. Rather, they are intended
to identify information that will enhance and improve the analyses and help develop and refine
mitigation measures.
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PREFACE

This Deepwater Environmental Assessment (EA) addresses oil and gas exploration,
development, and production activities in water depths greater than 1,000 ft on the Gulf of
Mexico Outer Continental Shelf (OCS). The concept of using the National Environmental
Policy Act (NEPA) process to evaluate potential impacts unique to Gulf of Mexico OCS
deepwater activities was presented and adopted at an MMS Deepwater Strategy meeting in
October 1997. The Deepwater EA was initiated in January 1998, with completion expected
within the year. The EA received fina approval through al levels of MM S management more
than two years later.

In the meantime, several of the original objectives of preparing the EA have been met.
Floating production, storage, and offloading (FPSO) systems were identified as proposed new
technology to the Gulf of Mexico, with potentially significant impacts. Through cooperative
efforts with the industry group DeepStar, an Environmental Impact Statement (EIS) on FPSO’'s
was initiated in May 1999. The potential impact of seismic surveying on marine mammals was
identified as an issue of increasing controversy. An EA specifically addressing seismic
surveying and other geological and geophysical exploration activities was initiated in June 1999.
A mitigation measure has been developed to reduce the potential for impacts to chemosynthetic
communities from seafloor discharge of drilling muds and cuttings and from the discharge of
cuttings associated with the use of synthetic drilling fluids. Notice to Lessees and Operators
(NTL 98-11) is being modified to include a 1,000-ft buffer zone around all deepwater well sites.
Asthe NTL goes through the formal review and implementation process, this mitigation is being
applied on a site-by-site basis.

Since the completion of the text, many deepwater studies identified in the EA have been
funded, are in the procurement process, or are included in the Environmental Studies Program
Strategic Plan for funding in the near future. Sections of the EA describing issues, available and
needed information, and current studies have been reviewed and updated where appropriate.

Since the EA was more than two years in preparation and review, many of the statistics
within the document end with calendar year 1997 information. Projections for the years 1998
and 1999 have not been included. Statistical information for these years is available in the
recently released MMS report Deepwater Gulf of Mexico: America’s Emerging Frontier (OCS
Report MM S 2000-022).

A Decision Document was prepared for NEPA decisions based on this EA (Appendix A).
addition, a series of decision papers have been prepared or are being prepared to address NEPA
non-NEPA, technical, and policy issues. These decision papers outline options to addr&ss
several issues |dent|f|ed via the EA and document decisions on MMS's approach to addressing
specific issues.
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|. PURPOSE AND NEED

The western and centrd portions of the northern Gulf of Mexico condtitute one of the world's mgor ol
and gas producing areas, and have proved a steady and reliable source of crude oil and naturd gasfor more
than 50 years. The pace of exploration and development in the deepwater (water depths greater than
1,000 ft [305 m]) Gulf of Mexico (Figure |-1) has accelerated rapidly in the last few years. In water depths
exceeding 1,000 ft, the use of conventiona, bottom-founded (fixed) platforms quickly becomes
uneconomic. As new discoveries are made in progressively deeper water, technologies continue to evolve
to meet technica, environmenta, and economic needs of degpwater development.

The Minerds Management Service (MMYS) is mandated to manage the development of Outer
Continental Shelf (OCYS) oil and natural gas resources, while also ensuring safe operations and protection
of the human and naturd environment. To meet these objectives MM S is usng the Nationd Environmenta
Policy Act (NEPA) process as a planning and management tool. This environmental assessment (EA) on
deepwater oil and gas activities will assst in managing these activities and in assuring gppropriate
environmentd reviews. A Natice of Availability and asummary of the findings of the EA will be published
inthe Federal Register.

Action

The action addressed in this EA encompasses projected oil and gas exploration, development, and
production operations in the degpwater areas of the Gulf of Mexico OCS during the 10-year period 1998
2007. The action dso includes activities that support degpwater operations.

Need

The OCS Program was established by the Outer Continentd Shdlf Lands Act (OCSLA). The benefits
of producing oil and naturd gas from the OCS incdlude helping to meet nationd energy needs and generating
royaties on production that flow into the U.S. Treasury. Why have exploration and development activities
accderated in the degpwater Gulf of Mexico and why at this time? Severa of the factors that have
contributed to the recent surge in degpwater activities are the following:

development of new deepwater drilling, development, and production technologies;
discovery of mgor hydrocarbon fields, some with very high flow rate wells,

development of three-dimensond (3D) geophysicad surveying and interpretation
technologies,

passage of the Deep Water Roydty Rdief Act (DWRRA); and
the opportunity to lease recently terminated lease blocks.



MBI u
¥ oo # LOUISIANA .. e o
? g
r@ﬁ
R "#’

i J;-‘F-

2 [o00-FT ISOBATH

WESTERN PLANMING AREA CENTRALPLANNING AREA

EASTERN PLANNING AREA

Figure [-1. Deepwater Area of the Gulf of Mexico Quter C ontinental Shelf (D eep water 15 defined by the 1,000 -ft isobath)



Objectives
The MM Ss specific objectives in this document are the following:

ensure tha the oil and gas activities in the degpwater Gulf of Mexico occur in a
technicdly safe and environmentaly sound manner;

determine which degpwater activities are subgtantidly different from those associated
with conventiona operations and activities on the continental shelf;

determine which deepwater activities are substantidly the same as those associated
with conventiond operations and activities on the continenta shelf;

identify and evauate potentia impacts from OCS degpwater operations and associated
support activities and infrastructure;

develop, for further consderation, measures to mitigate impacts from deepwater
activities on the marine, coagta, and human environments;

identify potentid research or sudies related to degpwater activities and environmental
resources that will support amore comprehensive or detalled impact assessment or will
help develop or refine mitigation measures, and

provide a summary document on deepwater technologies, activities, and impacts for
reference in future NEPA documents.

Decisionsto be Made
The MMS will make severd decisons based on the findings of the EA:

determine which aspects or components of deepwater operations and activities
potentidly impact the marine, coagtd, or human environments of the Gulf of Mexico
OCS and adjacent coastal aress,

determine which aspects or components of degpwater operations and activities are
adequately addressed by current NEPA andyses (Gulf of Mexico OCS Lease Sde
ElSs and/or plan-specific or programmatic NEPA reviews);

determineif further NEPA andlyssis needed to evaduate potentid impacts not covered
by current NEPA analyses,

Scoping SUummary

Scoping is defined by NEPA as an early and open process for determining issuesto be addressed in
aNEPA document and andyss. The MMS has actively sought informeation and data on the technologies,
risks, potential impacts, issues, and concerns related to deepwater activities in the Gulf of Mexico. The
scoping opportunities listed below are discussed in more detall in Chapter V.



August 1, 1996BThe Cdl for Information and Nominations (Call) and the Notice of
Intent (NOI) to Prepare an Environmental Impact Statement (EIS) for the proposed
1998-2002 Centra Gulf of Mexico lease sdeswas published in the Federal Register.

January 29, 1997BThe Call and NOI to Prepare an EIS for the proposed 1998-2001
Western Gulf of Mexico lease sdes was published in the Federal Register.

April 1997BThe MMS and the industry group DeepStar jointly sponsored aworkshop
to gain a better understanding of floating production, storage, and offloading (FPSO)
technology and the scope of operations around the world.  The proceedings of this
workshop are published as OCS Report MM S 98-0019 (Regg, 2000).

April 1997BThe MMS Environmental Studies Program and Louisiana State Universty
(LSV) hosted a AWorkshop on Environmentd 1ssues Surrounding Deepwater Oil and
Gas Development(l (Carney, 1998). The results of the workshop are reflected in the
procurement of 10 studies specifically devoted to deepwater studiesissues.

June 1997BPublic hearings on the Draft EIS for proposed 1998-2002 Centrd Gulf of
Mexico lease sdes were hdd in Houma and New Orleans, Louisana, and in Mobile,
Alabama

October 1997BPublic hearings on the Draft EIS for proposed 1998-2001 Western
Gulf of Mexico lease sdes were hdd in Augtin, Corpus Chrigti, and Houston, Texas,
and in New Orleans, Louisiana

February 1998BAnnouncement of the preparation of the EA was published in the
Federal Register on February 23, 1998.

June 1999BPublic scoping meetings for the EIS on the potential use of floating
production, storage, and offloading (FPSO) systems in the deegpwater areas of the
Western and Centra Planning Aress of the Gulf of Mexico OCS were held in Corpus
Chrigti, Houston, and Beaumont, Texas, and in Lake Charles and New Orleans,
Louisana

| ssues | dentified

The issues addressed in this EA are those identified through the scoping opportunities listed above or
those identified by MMS as warranting consderation. Many of these issues have been andlyzed in previous
NEPA documents. Many of the issues below are rdaed to impact-producing activities or risk factors and
are addressed in the description of degpwater activities in Chapter 11. Mogt of the issues below are

addressed in the environmental consequences analysesin Chapter 1V.

Issues Related to Technology, Operations, and Operational Environment

timing and scae of degpwater operations

deepwater facility decommissoning and Site clearance



deepwater pipeaying and pipeine technologies

wetlands impacts due to increasing numbers of pipeline landfals
unsupported pipdine spans (e.g., fisheries conflicts)

dternaive transportation of produced fluids

disposition of produced gas

use of centraized host facilities

historic archaeological resources (shipwrecks)

ordnance disposal areas

geologic hazards

deepwater seismic surveying operations

| ssues Related to Accidental Release of Ol

chemica composition of deepwater crude oils

fate and effects of degpwater oil spills

fate and effects of oil released by loss of control of a subseawell
fate and effects of oil spillsrelated to tankering

fate and effects of oil spillsrelated to barging

storage of large volumes of oil at degpwater structures

oil spill contingency planning and response capabilities

| ssues Related to Chemical Products

types and toxicities of chemica products used for degpwater drilling and production
usage and discharges of chemicd products

risk of spills of chemical products

fate and effects of large-volume, chemicd-product spills
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I ssues Related to Water and Sediment Quality

ared extent of seefloor contamination from surface discharge of drilling muds and
cuttings

fate and effects of synthetic drilling muds introduced into the marine environment
potential impacts of increased dredging to support degpwater activities

Issues Related to Air Quality and Emissions

emissions associated with degpwater operations
emissions from extended well testing and well cleanup operations

emissions associated with increased support services (e.g., service vessels and anchor-
handling vessdls)

emissions related to oil and oil-product transfer operations

consumption of the Class | Area maximum dlowable increments

I ssues Related to Impacts on Biological Communities

potentid impacts on benthic communities (induding chemaosynthetic communities),
marine mammals, seaturtles, and fish resources

potential impacts on essentid habitats

| ssues Related to Socioeconomic Impacts

accommodating larger support vessdls

increased demand for fresnwater and other consumables

increased economic and indudtrid activity in the coastd zone

additional service vessel and hdlicopter traffic

increased use of coastd infrastructure, including traffic on existing roadways
competition with other port users

in-migration of workers

potentia for boomv/bust economic cycle



increased demand for multi purpose ports

potentia locations of additional onshore service bases
safety of the deegpwater workforce

multiuse conflicts with commercid and recrestiond fisheries
transboundary effects

environmentd justice

Resource Topics

The analyses of potentia impacts and environmental consequences are presented under the following
resource topics.

chemaosynthetic communities
nonchemosynthetic communities
marine mammals

seaturtles

fishing and fisheries

ar qudity

archaeologicd resources

water quality

coadtdl habitats

SOCi0ecoNoMiC resources

transboundary effects

Suggested Mitigation Measures for Further Evaluation

Many of the issues identified above have been analyzed in previous NEPA documents and, in some
cases, mitigating measures were developed through the NEPA process. Many of the mitigation measures
have been established through MM S operating regulations or Notices to Lessees (NTL:=s). Some of the
mitigation measures are applied on a project-specific bass. Edablished mitigation measures will be
identified in the description of deepwater activities and discussed in the environmental consegquences
anayses.

All of the suggested new mitigation messures in this EA are environmentaly viable. Subsequent to the
completion of this EA, each mitigation measure will be evauated for technologica and economic viability,
expected benefits, and potentia impacts. Measures that are found to be environmentdly, technologicaly,
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and economicdly vigble and offer net environmenta benefits will be recommended for implementation.
Implementation may be through MM operating regulations (30 CFR 250, 30 CFR 251, and 30 CFR
254), NTL:s, or project-specific requirements.

Some potentia mitigation measures suggested during the preparation of this document have been
eliminated from further congderation. These measures and avery brief satement of the reasons for their
eimination are given below.

Limiting the maximum amount of oil that can be stored at an offshore facility was eiminated because
such alimitation could redtrict the use of drilling ship=s hull storage capabilities in support of extended well
testing and could restrict an operator=s ability to respond to operationd incidents. Such aredtriction would
aso diminate congderation of the potentid use of floating production, storage, and offloading (FPSO)
systems as a development option (an EISis being prepared specificaly on the potentia use of FPSO:=sin
the Gulf of Mexico).

Limiting the maximum amount of chemica products that can be sored a an offshore facility was
eliminated because such alimitation could restrict an operator’ s ability to develop areservoir effectively,
to ensure well and pipeine flow, and to respond to operationa incidents. In addition, secondary impacts
could result from more frequent transport of smaler amounts of chemicd products.

The use of ship-based observersto provide red-time mitigation (airgun shutdown), as well as collection
of data regarding responses of marine mammals to seismic surveys, is not operationdly feesble as a
mitigation measure. Visud identification of marine mammasis not possble a night and may not be possble
in poor weather or high sea conditions. Redtricting seismic operations to periods of vishility for marine
mamma obsarvers would require multiple start-up/deployment, which could increase potentid impacts from
noise, fuel use, engine emissons, and multiuse conflicts

Aerid surveysare limited in their usefulness as amitigation measure in conjunction with saismic surveys
in the Gulf of Mexico. Given the variahility of digribution of marine mammas, ardativey long-term, fine-
graned basdine of Sghting data would need to be established before changesin didtribution dueto asngle
saismic survey could even be detected. In addition, small aircraft with limited flight range could not be used
effectively in degpwater areas far from shore. In generd, agrid surveys are effective for information
gathering and monitoring rether than for mitigation.

Suggested Research and Information Synthesis

This EA identifies opportunities for additiona research to enhance our understanding of deepwater
issues. ldentification of these information needsis not meant to imply that these needs are so critical that
decisons on degpwater activities would have to cease. Rather, they are intended to identify information
that will enhance and improve the andyses and help develop and refine mitigation measures.
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II. DEEPWATER ACTIVITIES IN THE GULF OF
MEXICO

The deepwater Gulf is, at present, the most active province for hydrocarbon exploration in the
United States OCS. The outlook for deepwater exploration and development should remain strong
considering the recent large field discoveries, technological advances, the continuing rig conversions
and construction to meet demand, and the benefits of deepwater royalty relief.

This chapter describes the current and projected offshore infrastructure, activities, and
disturbances associated with deepwater exploration, development, and production that could affect
the biological, physical, and socioeconomic resources of the Gulf of Mexico area. Exploring for,
developing, producing, and transporting deepwater hydrocarbon resources require a complex and
interrelated series of operations. The process begins with prelease geological and geophysical
exploration under MMS permit; continues through leasing of offshore blocks, postlease seismic
surveying operations, drilling of exploration wells, drilling of development wells, installation of
production facilities, ongoing production operations, and transport of produced hydrocarbons via
pipeline or vessel; and ends with the removal of production facilities and site clearance.
Procurement and transport of personnel, equipment, and supplies needed to maintain these
operations are an integral part of the process.

The scenario assessed in this EA includes existing, planned, and projected deepwater
exploration, development, production, and support activities in the Gulf of Mexico OCS for the years
1998-2007. The scenario was developed to provide a framework for the analysis of potential impacts
associated with deepwater operations. The MMS has prepared a series of technical papers that
provide a summary description of the different types of structures that may be employed in the
development and production of hydrocarbon resources in the deepwater areas of the Gulf of Mexico.
These papers are published in one MMS report (Regg, 2000). A 10-year period was chosen for the
analysis because rapidly changing technologies make projections beyond that timeframe very
uncertain. Industry plans for the next five years are fairly well known. Projections for the five years
beyond that are based on extrapolations of known activity levels and on the expected availability of
additional support infrastructure (e.g., new drilling vessels). Activity levels and technological
advancements beyond 10 years are not reasonably foreseeable and were not projected for this
assessment. The 10-year scenario includes all anticipated deepwater activities, regardless of when
the lease was issued. The only exception to this is an anticipated acceleration of exploratory drilling
activities in 2005-2007 as a large number of leases approach the expiration of their initial lease
terms. The scenario is presented as a set of ranges of exploration and development operations and
supporting activities. These projections are best estimates based on existing and planned activities,
current trends, and projections of these trends into the reasonably foreseeable future. To ensure that
the technological descriptions are accurate and that the activity projections are reasonable, two
industry groups, DeepStar and the Offshore Operators Committee, were asked to review and
comment on these portions of the scenario.

Deepwater is a relative term; the definition of deepwater depends on who is doing the defining
and what the definition is in relation to. For most of this document deepwater is defined as greater
than1,000 feet or 305 m. For resources estimation and royalty relief purposes, deepwater is defined
as greater than 656 feet or 200 m. The following sections on exploration history, geology,
hydrocarbon potential, and geologic hazards use the 200-m definition for deepwater.
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A. Hydrocarbon Exploration History

Technological advances have allowed exploration in the Gulf of Mexico to move gradually from
the nearshore, shallow-water areas off Louisiana to leases in water depths exceeding 2,300 m (about
7,500 ft). To date, most of the producing wells that are off continental the shelf are located on the
continental slope in water depths ranging from 200 to 400 m (656-1,312 ft) (Figure II-1). It is
common for the leasing activity on the continental slope to precede by several years the lessees’
ability to drill and develop. Often bids in frontier areas (on unproven “wildcat” objections) are based
on the belief that technology will be available in the near future to more clearly define and develop
potential prospects. Advances in seismic data acquisition, processing, and interpretation have
reduced the risks inherent to exploration in frontier areas. Enhancements in development and
production techniques (e.g., spar, TLP, and subsea completions) for deepwater fields, coupled with
the large volume of hydrocarbons and extremely favorable production rates, determine the long-term
viability of the deepwater OCS.

The first well drilled in the deeper waters of the continental slope was spudded by Atlantic
Richfield in November 1974 on Mississippi Canyon Block 148 in a water depth of 212 m (696 ft).
The well not only encountered economically viable hydrocarbons, but proved the feasibility of
drilling in water depths greater than 200 m (656 ft). An additional 1,677 wells were spudded
(Figure II-2) in the water depths greater than 200 m since the drilling of that first well more than 25
years ago; more than half of these wells were drilled in the last eight years. In August 1998, Texaco
and Chevron began drilling their AGameraf) prospect in 2,353 m (7,718 ft) water depth. This is the
current Gulf of Mexico water depth drilling record.

For water depths greater than 1,000 ft (305 m), about 10 percent of the leased tracts have been
drilled to date. As of January 2000, there were 106 discoveries with 42 fields producing in water
depths greater than 1,000 ft (305 m) (Figures II-3 and II-4). Deepwater development took a large
leap forward when Shell commenced production from its Cognac Field (Mississippi Canyon Block
194), setin 312 m (1,024 ft) of water, in August 1979. More than 80 wells have been drilled in this
field, which has current cumulative production in excess of 230 million barrels of oil equivalent
(MMBOE). In 1997, Shell commenced production through subsea completions in 1,625 m (5,300 ft)
of water from their Mensa Field (Mississippi Canyon Block 731), setting a new water depth record
for subsea production that has been subsequently broken by Petrobras in waters off Brazil.

Hydrocarbon reserves in deepwater fields can be designated as proved or unproved. The MMS
defines proved reserves as those quantities of hydrocarbons that can be estimated with reasonable
certainty to be commercially recoverable from known reservoirs and under current economic
conditions, operating methods, and government regulations. Proved reserves must have either
facilities operational at the time of the estimate to process and transport those reserves to market, or
a commitment or reasonable expectation to install such facilities in the future. Unproved reserves
are those quantities of hydrocarbons that can be estimated with some certainty to be potentially
recoverable from known reservoirs, assuming future economic conditions and technological
developments. As of the end of 1996, the remaining proved reserves in the Gulf OCS in water
depths greater than 200 m are 2.196 billion barrels of oil equivalent (BBOE) with unproved reserves
estimated at 1.374 BBOE by MMS.
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Figure II-1. Percent of Producing Deepwater Fields in the Gulf of Mexico by Water Depth.
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B. Seismic Surveying Operations

Geophysical seismic surveys are performed to obtain information on surface and near-surface
geology and on subsurface geologic formations. Low-energy, high-resolution seismic surveys collect
data on surficial geology used to identify potential shallow geologic hazards for engineering and site
planning for bottom-founded structures. They are also used to identify environmental resources such
as chemosynthetic community habitat. High-energy, deep-penetration, common-depth-point (CDP)
seismic surveys obtain data about geologic formations greater than ten thousand meters below the
seafloor. The two-dimensional (2D) and three-dimensional (3D) CDP data are used to map structure
features of stratigraphically important horizons in order to identify potential hydrocarbon traps. They
can also be used to map the extent of potential habitat for chemosynthetic communities.

Seismic surveying operations in deep water are generally no different than surveying on the shelf.
Typical seismic surveying operations tow an array of airguns (the seismic sound source) and a
streamer (signal receiver cable) behind the vessel 5-10 m below the sea surface. The airgun array
releases compressed air into the water column creating an acoustical energy pulse. Acoustic (sound)
signals are reflected off the subsurface sedimentary layers and recorded near the water surface by
hydrophones spaced within streamer cables. These streamer cables are often 3 mi or greater in
length. Vessel speed is typically 4-7 knots (about 42-8 mph) with gear deployed.

The 3D seismic surveying enables a more accurate assessment of potential hydrocarbon
reservoirs to optimally locate exploration and development wells and minimize the number of wells
required to develop a field. State-of-the-art interactive computer mapping systems can handle much
denser data coverage than the older 2D seismic surveys. Multiple-source and multiple-streamer
technologies are used for 3D seismic surveys. A typical 3D survey might employ a dual array of 18
guns per array. Each array might emit a 3,000-in’ burst of compressed air at 2,000 pounds per square
inch (psi), generating approximately 4,500 kilojoule (kJ) of acoustic energy for each burst. At 10
m from the source, the pressure experienced is approximately ambient pressure plus 1 atmosphere
(atm). The streamer array might consist of 6-8 parallel cables, each 6,000-8,000 m long, spaced 75
m apart. A series of 3D surveys collected over time (four dimensional or 4D seismic surveying) is
used for reservoir monitoring and management (the movement of oil, gas, and water in reservoirs
can be observed over time).

Developing technologies that may provide additional detail on the geology and fluids beneath
the seafloor might be appropriate for use in the deepwater areas of the Gulf and might include
seafloor cables, multicomponent seafloor cables, vertical cables, marine vibrators, and combinations
of multiple vessels, source arrays, and streamers.

C. Drilling Activities

To date, there have been approximately 1,200 wells drilled in water depths equal to or deeper
than 305 m (1,000 ft) in the Gulf of Mexico. Approximately 90 percent of all deepwater wells
drilled have been in the Green Canyon, Mississippi Canyon, and Viosca Knoll Areas of the Central
Planning Area and the Garden Banks Area of the Western Planning Area.

Deepwater exploration strategies appear to target potential oil accumulations. Most of the
deepwater prospects developed to date have been the oil-prone discoveries. Despite this, there have
been some large natural gas discoveries in the deepwater areas of the Gulf. Shellzs Mensa project
in approximately 1,615 m (5,300 ft) of water successfully demonstrated deepwater drilling and
production subsea system feasibility for both oil and gas deepwater operations. The MMS expects
more development of deepwater natural gas prospects in the future.
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Deepwater drilling activities are expected to increase in the Western Gulf in the East Breaks,
Garden Banks, Alaminos Canyon, and Keathley Canyon Areas. Projections are that 30-35 percent
of the deepwater drilling activities during the next ten years could occur in these areas.

An increase in the rate of exploratory drilling is expected to occur around 2005-2007 as
approximately 2,000 deepwater leases near the end of their initial lease terms. These leases will
expire (and be re-offered for lease) unless the lessees initiate exploratory drilling operations, the
leases are made part of an approved exploration or development unit, or the MMS grants the lessees
a suspension.

Most drilling activities in the deepwater portion of the Gulf will be undertaken by floating
drilling rigs (FDR's). Today, the fleet of FDR's for deepwater operations comprises drillships and
semisubmersibles (Figure II-5). New drillships are relatively self-sufficient and may stay at sea for
extended periods of time. Support vessels will replenish fuel, food, drilling supplies, and other
essentials to the rigs. Normally, helicopters are used to transport crews to and from the FDR's.

The worldwide mobile drilling fleet is composed of approximately 40 semisubmersibles and
drillships. Of these, seven rigs are capable of drilling in water depths of greater than 1,500 m
(5,000 ft). The worldwide utilization rate for deepwater rigs is 100 percent. By the year 2001, it is
estimated that there may be 20-25 deepwater drilling rigs worldwide capable of drilling in water
depths of up to 3,600 m (12,000 ft).

During the first quarter of 1998, there were approximately 25 mobile deepwater rigs working in
the Gulf of Mexico. Three of these rigs have ultra-deepwater capabilities. Of the 20-25 ultra-
deepwater rigs expected worldwide by the year 2001, 50-70 percent (10-18) are projected for
deployment to the Gulf of Mexico.

Drilling vessels use two types of stationkeeping systemsBdynamic positioning and catenary
anchors. Most drillships use dynamic positioning (DP) systems. The advantages of DP are mobility,
independence from tugs and anchor-handling vessels, and relatively quick setup time. The DP
systems use computers, global positioning systems, and thrusters to ensure relatively precise location
of the FDR.

Many semisubmersibles are held on location by an array of catenary anchors. Systems with eight
anchor moorings are commonBtwo anchor points from each Acorner.f Each mooring component is
usually composed of an anchor, anchor chain, and wire rope leading back to the winches on the
semisubmersibles. Anchored FDR's require assistance from seagoing tugs and anchor-handling
vessels to establish their position or to change location. Each anchor must be positioned and
emplaced by an anchor-handling vessel.

Larger anchors and longer anchor chains/mooring lines are expected for operations in deep water
as compared to operations on the shelf. The length or Ascopell of each mooring line may be 5-7 times
the water depth. The areal extent of the impact zone of the anchor system, or Afootprint,{l is expected
to be greater for an operation that employs anchoring in deep water. The size and shape of the
footprint depend on a variety of factors. In addition to water depth, factors influencing the footprint
include the anchor deployment pattern, precision of navigation with the anchor handling vessel when
placing the anchor, length of drag before the anchor is set, current and weather conditions (especially
storms), composition of the anchoring system (e.g., chain followed by wire line, piggy-backed
anchors), and scheduled movement of the FDR for nearby well patterns. The seafloor impact zone
associated with an anchored FDR will encompass a much larger area than that of a dynamically
positioned FDR.

Mooring systems are also evolving. Taut leg mooring systems associated with suction piles or
vertical leg anchors are improving stationkeeping capabilities and reducing the area of potential
impacts from setting and retrieving anchors. The assessment of impacts from the anchor moorings
is best addressed in the site-specific environmental evaluations conducted by MMS with each
exploration or development plan. To adequately assess potential impacts at the site of proposed
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operations, high-resolution geohazards survey data must be collected over the entire area of potential
bottom disturbance, which includes the entire potential scope of the mooring system.

Most deepwater surface facilities currently installed in the Gulf of Mexico can support a platform
drilling rig. Industry statements indicate a general trend to use smaller surface facilities to develop
deepwater fields, 15-20 mobile drilling rigs are projected for the approximately 100 production
facilities projected for deep water by 2007. Mobile drilling rigs present potential impacts to sensitive
seafloor resources; site-specific review and clearance would help avoid such impacts.

Historical data indicate that the ratio of exploratory to development wells drilled ranges from two
to four (i.e., 2-4 exploratory wells are drilled for each development well). Table II-1 shows the range
of anticipated well starts by year over the next 10 years. Projections include both infill (drilling of
new wells within existing fields) and step out (drilling of new wells adjacent to existing fields to test
the extent of the reservoir) drilling.

Table II-1

Projected Deepwater Wells SpuddedB2000 through 2007

Year Total Exploration Development
2000 170-200 130-150 40-50
2001 180-210 135-150 45-60
2002 180-210 135-150 45-60
2003 180-210 135-150 45-60
2004 200-230 150-165 50-65
2005 230-250 170-185 60-75
2006 250-275 185-200 65-75
2007 250-275 185-200 65-75

These projections are based on several assumptions about future drilling activities.

The time required to drill an exploratory well is typically 70-90 days, 40-60 days for
a development well, including completion of the well. Some wells may take up to
120 days to complete.

Well testing and other types of evaluations could extend the time the drilling rig is
at a given location.

As more rigs become available, the amount of time deepwater rigs are available to
perform well remediation activities will increase. In 2003-2007, it is assumed that
up to 20 percent of each drilling rig=s time will be spent doing remediation work.

During 1998-1999, 25-35 rigs were operating on the Gulf OCS, 30-40 rigs are
expected during 2000-2002, and up to 50 rigs during 2003-2007.

Deepwater drilling activity is expected to increase during 2005 through 2007, as
about 2,000 deepwater leases approach the expiration of their initial lease term.
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Projections in the table include drilling new wells within existing fields (infill
drilling) and new wells adjacent to existing fields to test the extent of the reservoir
(step out drilling).

Constraints to increased drilling levels may be the operating budget of companies,
available personnel for the new rigs, and the availability of resupply vessels.

The depths of these projected wells obviously depend on the depths of the specific target
horizons within the individual prospects. Projections from historical data and geophysical
information suggest the distribution shown in Table II-2.

Table II-2

Projected Percentage of Wells by Well Depth Range

Well Depth Range Average Depth (ft)
Percentage of Wells (ft) Below Mudline Below Mudline
20 < 8,000 6,000
60 8,000-20,000 14,000
20 > 20,000 22,000

The hole and casing sizes of these wells will depend on the geology and engineering
considerations at each well site. Table II-3 presents the parameters of a typical deepwater well. Well
returns will be taken at the seafloor during the early casing points within the well.

Table II-3

Projected Hole and Casing Sizes and Length of Hole Section
for a Typical Deepwater Well in the Gulf of Mexico Region

Hole Size (in) Casing Size (in) Length of Hole Section (ft)
36 36 Jetted; 160-300; returns to seafloor
26 20 900-1,600; returns to seafloor
20 16 1,000-2,000; returns to seafloor
17 13 1,900-5,000; returns to surface*
12.25 9 5,000-8,000; returns to surface*
9.875 7 6,500-8,500; returns to surface
8.5 5.5 or liner 2,400-4,000; returns to surface

*The use of synthetic drilling fluid could start at this casing point.
Synthetic Drilling Fluid

The base constituents in synthetic-based drilling fluids (SBF) are synthesized organic compounds
that are mixable in water. Two of the most common types of SBF are composed of esters and poly-
alpha olefins. Esters are derived from reacting vegetable fatty acids with various alcohols. Poly-
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alpha olefins are purified, short-chained hydrocarbons that are chemically treated to attach the chains
together (polymerized) to form longer-chained hydrocarbons.

The SBF have downhole performance characteristics similar to those of oil-based drilling fluids
(OBF) and both offer advantages over traditional water-based drilling fluid (WBF) in certain
circumstances. For example, SBF have higher lubricity in the wellbore compared to WBF. The SBF
and OBF may also endure more hostile downhole conditions (e.g., heat, pressure, H,S). Penetration
rates may be substantially faster, which may be a substantial economic advantage to the operator by
shortening the time on location to drill a well.

Synthetic- or oil-based drilling fluids are generally not used for the entire depth of the well. In
a typical deepwater well, WBF are used for the upper portion of a well with a change to an SBF
below the 16-in or 13-in casing points at a depth of 2,000 m or more. The SBF are used to prevent
possible hydrate formation in the wellbore during drilling operations. The SBF also offer advantages
when used through the prospective production horizons, i.e., SBF are less likely than WBF to
interact within the production horizons because their physical and chemical makeup is similar to the
fluids within the hydrocarbon-bearing zone. This characteristic makes well cleanup prior to
production easier and more effective.

Operators have economic incentive to conserve synthetic drilling fluids. The cost of 12 Ib/gal
mud weight SBF ranges from $180-280 per barrel compared to WBF at $10-26 per barrel. The SBF
are typically Arented@ from a mud company, and operators pay a premium for any volume that is lost.
Therefore, the equipment for solids control and fluid recovery for SBF wells tends to be more
efficient than for other operations.

Suggested Research and Information Synthesis

Field studies to determine the distribution, dispersion, residence time, and toxicity levels of
discharged synthetic-based drilling fluids and cuttings would help refine current mitigation measures
and help identify any additional mitigation measures.

Riserless and Mudlift Drilling

The initial portion of all wells drilled from floating drilling rigs is conducted under Ariserless”
conditions. This involves the discharge of sediments at the seafloor during drilling of the upper
portion of the well. On deepwater drilling projects, operators have extended the portion of the well
normally drilled riserless to a depth of approximately 2,000 ft below the mudline. After the casing
is set, the subsea blowout preventer (BOP) and riser system are installed and drilling returns come
to the surface for separation and treatment.

In a traditional deepwater drilling scenario, a 21-in marine riser is connected to the BOP stack
after the initial casings are run and cemented in a well. Drilling fluid is pumped down the center of
the drill pipe to the drill bit. The drilling fluid and cuttings then return to the surface using the riser
as a conduit. The drill cuttings, sand, and silt are removed and the drilling fluid is recirculated down
to the drill bit. Well solids (drill cuttings, sand, and silt) wetted with drilling fluid are discharged
overboard, if they meet USEPA NPDES requirements.

AMudlift drilling@ operations allow the drilling returns to be diverted at the subsea BOP and
transported to the surface via a marine umbilical or return line. In most of these operations there will
be no marine riser. Gas lifting, drilling fluid density reduction, or submarine pumping may be
included in the system to facilitate circulation of the returns to the surface. Some mudlift systems
are devising partial solids separation for discharge at the seafloor.

Figure II-6 depicts three deepwater drilling scenarios to illustrate these operations.
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Suggested Research and Information Synthesis

Field studies to determine the distribution and dispersion of muds and/or cuttings discharged at
the seafloor during pre-riser and riserless drilling operations would help refine current mitigation
measures and help identify any additional mitigation measures.

Blowouts

Blowouts occur when improperly balanced well pressures result in the sudden, uncontrolled
releases of fluids from a wellbore or wellhead. Blowouts can occur during any phase of offshore
operations: exploratory drilling, development drilling, completion operations, production, or
workover operations. However, these events are relatively rare. From 1971 to 1995, there were
24,237 well starts. Exploratory drilling operations had 49 blowouts (frequency of 0.00202) while
development drilling resulted in 45 blowouts (frequency of 0.00186) (USDOI, MMS, 1994 and
1997a). Only 100 bbl of oil/condensate were spilled in 1992 from two events associated with
exploratory drilling activities. The condensate spill resulted from a blowout when the well
unexpectedly encountered a shallow, overpressured gas reservoir. Typically, Ablowout{ refers to loss
of control associated with the target reservoir. No spills have occurred associated with development
drilling operations.

For the same 25-year span, blowouts from production, workovers, and completion operations
were lower in number than from drilling operations: 18 blowouts occurred during production, 29
during workovers, and 10 during completions (USDOI, MMS, 1994 and 1997a). Accounting for all
sources of blowouts gives an average of 7 blowouts per 1,000 well starts.

Of the 24,237 well starts from 1971 to 1995, 901 (3.7%) were drilled in water depths greater than
1,000 ft. No major blowouts have occurred in the Gulfss deepwater areas. Many of the wells
expected in deep water will have well control equipment located at the seafloor. Water depths may
complicate well control operations. Of particular concern is the ability to stop a blowout once it has
begun. The availability of rigs capable of drilling in similar water depths, riser components, and
associated deepwater drilling equipment may be limited. The MMS is considering a rulemaking
establishing the operator=s responsibility for assuring the MMS of the accessibility and availability
of an intervention drilling rig.

In the event a blowout occurs and the surface facilities are damaged enough to preclude well re-
entry operations, a relief well may be needed to regain control of the situation. Drilling an
intervention well could take anywhere from 30 to 90 days (Regg, 1998; Stauffer, personal
communication, 1998; McCarroll, personal communication, 1998). The actual amount of time
required to drill a relief well will depend upon a variety of factors including the complexity of the
intervention, the location of a suitable drilling rig, the type of operations that must be completed in
order to release the rig (e.g., may need to run and cement casing before the rig may be released), and
any problems mobilizing personnel and equipment to the relief well site. It is estimated that the
entire intervention effort for a blowout could range from 60 to 120 days (Regg, 1998; Stauffer,
personal communication, 1998; McCarroll, personal communication, 1998). This estimate assumes
that the depth of the intervention well will be approximately 10,000 ft (3,048 m) subsurface. The
oil and gas industry has speculated that because the deepwater sediments are relatively
unconsolidated, a deepwater blowout may stop flowing in several days to a few weeks as failure of
a portion of the bore hole, called Abridging over,@ blocks the flow. The increased hydrostatic
pressure at these water depths will contribute to failure of the wellbore and cessation of uncontrolled
well flow.

Should a surface blowout occur at a deepwater facility (for example from a wellhead on the
production deck of a TLP), spill response is expected to resemble that of a similar event in shallow
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water. Complications could arise because of the increased distance from shore and potentially
greater spill rates. Well control efforts for a surface blowout in deep water are expected to take
approximately 60 days.

Further investigation is needed before the consequences of a blowout in deep water can be fully
evaluated. Information is limited on the chemical behavior, phase changes, transport, and physics
of the rising plume, given the temperature and pressure encountered in deep water. An MMS-funded
modeling effort showed that hydrates might form from some of the gaseous components in a blowout
fluid (S.L. Ross Environmental Research Ltd., 1997). Ross modeled the fate of the release of 30,000
bbl of oil per day and 60 mmcf of gas per day during a deepwater blowout for two extreme cases.
In the first case, a bubble plume was assumed to form. Gas bubbles can create a pumping action that
results in the development of a rising plume of gas, oil, and water to the surface at velocities that can
override the effects of the prevailing water currents. In this scenario, for water depths ranging from
300 to 750 m (984 to 2,461 ft), not enough of the gas was converted to hydrate or dissolved to
prevent the formation of a bubble plume. This blowout scenario assumed that the released gas
pumped the oil, gas, and water to the surface. In the second case, all of the gas was assumed to
convert to hydrate with no bubble or gas plume forming. This scenario assumed a blowout in water
depths greater than 900 m (2,953 ft). Rapid conversion of all of the gas to hydrate is expected to
occur in blowouts at this water depth; oil is expected to eventually rise to the water surface because
of its buoyancy. A more detailed investigation is needed to validate the results of this preliminary
study.

The International Association of Drilling Contractors (IADC) and the OOC recently published
Deepwater Well Control Guidelines (IADC/OOC, 1998). The guidelines are designed to assist the
drilling industry in planning and conducting operations in deepwater areas around the world. The
guidelines are structured into five chapters: Well Planning, Well Control Procedures, Equipment,
Emergency Response, and Training. Each chapter provides the recommended practices and
procedures for a given situation or condition. The guidelines are derived from the knowledge and
experience gained by the drilling industry in conducting operations in deepwater areas. Though the
guidelines are intended for worldwide use, many of the examples are based on the Gulf of Mexico
operations.

Well Intervention

Intervention into a wellbore is generally for recompletion, workover, or well-control purposes.
A recompletion is usually a scheduled event to change the production interval in a well from its
existing depth. Workover operations are usually unscheduled events performed on an Aas needed(
basis. Well-control problems are usually emergency situations. An operator=s actions are focused
on regaining control of the situation, stopping the well from flowing, and returning the well to
production.

As operators move into deeper water, some of the newly designed deepwater production systems
may not be capable of accommodating a conventional platform drilling rig on their decks.
Deepwater structures are being designed to minimize the size, load capacity, and complexity of the
facility to control costs. As a result, interventions in subsea wells will likely require a floating
drilling rig, specially designed workover rig or equipment (limited capabilities), or a specialized
intervention vessel. If a floating drilling rig is used, operations would be similar to mobilizing for
a drilling activity, except the length of time on location (10-30 days) is expected to be less than that
for drilling a new well (70-90 days). If a floating drilling rig is involved in intervention work, it is
not available for exploratory or development drilling. This may be a critical factor for operators in
the current Atightl rig market until more floating drilling rigs become available. By 2003-2007, as
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much as 20 percent of the floating drilling rig fleets time may be expected in intervention
operations.

The emergency nature of a well-control intervention may require the assistance of a second
floating drilling rig. If the loss of well control damages the rig on location, another floating drilling
rig would have to suspend its current operations to move to the intervention site to begin remedial
operations. If the current operations of the secondary rig are critical to the safety and protection of
the resources and the environment (e.g., running and cementing casing in the well), the response time
may be delayed. The responding rig must have capabilities similar to those of the rig under distress.
The responding rig may need additional supplies and possibly additional equipment for its
intervention role. With the limited number of floating drilling rigs available in the Gulf, intervention
operations will require cooperation among the operators and service companies involved in
deepwater activities. The MMS is aware of the potential problem and has met with deepwater
operators to encourage them to reach an agreement for mutual assistance in case of emergencies.

Industry well-control experts continuously work to improve the understanding of needs,
processes, and existing capabilities. One notable effort was the IADC/OOC Deep Water Well
Control Task Force. The group addressed well planning, well-control procedures, equipment,
emergency response, and training. The findings and recommendations from the Task Force can be
found in their October 1998 report (IADC/OOC, 1998). The MMS participated in the Task Force
at the steering committee level.

D. Production Facilities and Operations

After initial exploration wells discover recoverable quantities of hydrocarbons, delineation wells
may be drilled so that the areal extent and characteristics of the reservoir may be better determined.
With the corporate decision to produce the potential hydrocarbons, production facilities can be
designed and fabricated. However, production facilities cannot be installed until operators have
received all of the necessary regulatory approvals. The average development cycle time (discovery
to first production) for deepwater projects has been approximately 72 years. The cycle time is
strongly dependent on the availability of infrastructure and support services, as well as on
development of equipment and technology. Efforts are underway by operators to reduce this cycle
time. As technology and techniques for deepwater operations are proven successful, the cycle time
may be reduced to 3-4 years. As an example, operators are seeking to reduce the developmental
cycle time by minimizing the size and complexity of deepwater structures and by minimizing the
fabrication time. The use of floating production, storage, and offloading (FPSO) systems is another
strategy under consideration to reduce the cycle time and fabrication costs.

As of January 13, 2000, there were 42 deepwater producing fields in the Gulf of Mexico. In
addition, there were 64 discoveries, either under construction or at the planning/evaluation stage of
development. Table II-4 lists the field name, location, operator, water depth, date of first production,
and the type of development system employed or planned for each field. The distribution by map
area of all known deepwater fields is shown in Table II-5.

Almost 90 percent of the currently producing fields are concentrated around the Mississippi River
Delta area in the Green Canyon, Mississippi Canyon, and Viosca Knoll Areas. These fields were
developed with an assortment of production facilities including fixed platforms, floating facilities,
and subsea developments tied back to host facilities. AHost{ facilities are surface facilities that
receive production from subsea developments or other facilities for separation, processing, and/or
treatment of the hydrocarbons prior to transport to shore. Host facilities also control well and
production equipment for subsea developments or unmanned surface facilities.



Tablell-4

Deepwater Production and Discoveries

Water Depth Production Type of
Fied Area/Block Operator (ft) Start-up Development
Deepwater Fields Producing as of January 13, 2000
Alabaster MC 397 Bxxon 1,059 1992 Fixed
Allegheny GC2%4 British-Borneo 3,186 1999 TLP/Subsea
Amberjack MC109 BP Amoco 1,029 1991 Fixed
Angus GC 13 Shell 2,045 1999 Subsea
Arnold EW 963 Marathon 1,800 1998 Subsea
Auger GB 426 Shell 2,860 194 TLP
Baldplate GB 260 AmeradaHess 1641 1998 Compliant Tower
Bullwinkle GCe2 Shell 1,353 1989 Fixed
Cognac MC 194 Shell 1,025 1979 Fixed
Cooper GB 388 EEX 2,190 1995 FPS
Diamond MC 445 Kerr-McGee 2,095 1994 Subsea
Dulcimer GB 367 Mariner 1,120 1999 Subsea
EW 1006 EW 1006 Walter 1,884 1999 Subsea
Gemini MC 292 Texaco 3,393 1999 Subsea
Genesis GC 205 Chevron 2,597 1999 Spar
Jolliet GC 134 Conoco 1,720 1989 TLP
Lena MC 281 Exxon 1,018 1983 Guyed Tower
MC 441 MC 441 EEX 1,520 1993 Subsea
Macaroni GB 602 Shell 3,600 1999 Subsea
Marlin VK 915 BP Amoco 3,236 1999 TLP
Mars MC 807 Shell 2,940 1996 TLP/Subsea
Mensa MC 687 Shell 5,376 1997 Subsea
Morpeth EW 965 British-Borneo 1,630 1998 TLP/Subsea
Neptune VK 826 Kerr-McGee 1,930 1997 Spar
Oyster EW 917 Marathon 1,200 1998 Subsea
Penn State GB 216 Amerada Hess 1,450 1999 Subsea
Pompano | VK 939 BP Amoco 1,290 194 Fixed
Pompano |1 MC 28 BP Amoco 1,865 1995 Subsea
Popeye GC 116 Shell 2,000 1996 Subsea
Ram-Powell VK 956 Shell 3214 1997 TLP
Rocky GC 10 Shell 1,785 1996 Subsea
Seattle Slew EwW 914 Tatham 1,019 1993 Subsea
Shasta GC136 Texaco 1,040 1995 Subsea
Spirit VK 780 Shell 1,040 1998 Fixed
Stelaria GCc12 Shell 2,045 1999 Subsea
Tahoe VK 783 Shell 1,500 1994 Subsea
Thor VK 825 Kerr-McGee 1,720 1998 Subsea
Troika GC244 BP Amoco 2,721 1998 Subsea
Typhoon GC 236, 237 Chevron 2,000 Mini TLP
Ursa MC 809 Shell 3916 1999 TLP
VK 862 VK 862 Walter 1,043 1995 Subsea
Zinc MC 34 BExxon 1478 1993 Subsea
Deepwater Fields Not Producing as of January 13, 2000
Anstey (East) MC 607 BP Amoco 6,680 1999 Subsea
Atlantis GC 69 BP Amoco 6,133
Bison GC 166 Bxxon 2518
Black Widow EW 966 Mariner 1,850 Subsea
Boomvang (East) EB 683 Reading & Bates 3,737
Boomvang (North) EB 643 Reading & Bates 3,688
Brutus GC 158 Shell 2877 2001 TLP
Conger GB 215 Amerada Hess 1,500 2000 Subsea




Water Depth Production Type of
Fied Area/Block Operator (ft) Start-up Development
Coulomb MC 657 Shell 7,500
Crazy Horse MC 777,778 BP Amoco 6,050
Crosby MC 899 BP Amoco 4,452
Diana EB 945 BExxon 4,500 2000 Spar
Diana (South) AC65 BExxon 4,800 2000 Subsea
Europa MC 935 Shell 3,870 2000 Subsea
Fuji GC 506 Texaco 4,243 2001 FPSO
GB 24 GB 254 Chevron 1,920
GC72 GC72 Mobil 1,655 Subsea
GC 228 GC 228 Texaco 1,638
Glider GC 248 Shell 3,300 2000 TLP
Gomez MC 755 Union Pacific 3,000 2001 Spar/TLP
Grand Canyon GC141 Conoco 1,715
Habanero GB 341 Shell 2,000
Herschel MC 522 Shell/BP Amoco 2003 Subsea
Herschel South MC 520 Shell/BP Amoco 6,739 2003 Subsea
Holstein GC 644, 645 BP Amoco 4,390
Hoover AC25, 26 BExxon 4,785 2000 Spar
King MC 84 BP Amoco 5,500 2001 Subsea
King MC 764 Shell 3,250 2000 Subsea
King Kong GC472 Conoco 3817 2000 Subsea
Kingrs Peak DC133 BP Amoco 6,530 2001 Subsea
Knight GB 372 SantaFe 1,740
Ladybug GB 409 Texaco 1,355
Leo MC 502,503,546 British-Borneo 2,500
Llano GB 386 EEX 2,300 1999 Subsea
MC 26 MC 26 BP Amoco 1,272
MC 243 MC 243 Conoco 3,100 2000
MC 443 MC 443 Walter 2,095 1999 Subsea
MC 533 MC 533 Walter 1,000 1999 Subsea
MC 837 MC 837 Walter 3,900 1999 Subsea
Mad Dog GC 826 BP Amoco 6,560
Madison AC24 Bxxon 4,856 2002 Subsea
Marshall EB 949 Bxxon 4,500 2002 Subsea
Matterhorn MC 243 Elf Exploration 2,830 Mini TLP/Subsea
Metallica MC 911 BP Amoco 7,000 2004
Mica MC 167, 211 Exxon/Mohil 4,350 2001
Mickey MC 211 Exxon/Mohil 4,356
Mirage MC 941 Vastar 3927 Subsea
Morgus MC 942 Shell 3,960 2002
M osquito Hawk GB 269 Texaco 1,102
Nakika MC 383 Shell/BP Amoco 5,759 2000 Monohull FPS
Narcissus MC 630 Texaco 4,250
Neptune AT 574 BP Amoco 6,220 2001
Nile VK 914 BP Amoco 3535 2001 Subsea
Nirvana MC 162 BP Amoco 3414 2001
Petronius VK 786 Texaco 1,754 2000 Compliant tower
Pluto MC 718 Mariner/BP Amoco 2,828 2000 Subsea
Poseidon GC 691 BP Amoco 4,489
Prosperity VK 742 Texaco 1,000
Salsa GB 171 AmeradaHess 1,076
Sorano GB 516 Shell 3153 2001 Subsea
Sunday Silence EW 958 Flextrend 1450 2001 Mini TLP
Toro GCe9 Shell 1,465 2000
Virgo VK 823 Elf Exploration 1,130 1999 Fixed
Zeus MC 941 BExxon 3,905
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Several innovative designs for production facilities are expected to be introduced into the Gulf
of Mexico during the next decade. These include variations of spars, TLP-s, mini-TLP-s, etc. The
Morpeth mini-TLP has been installed in the Gulf of Mexico. Two other mini-TLP=s are under
construction. Other existing systems and technologies are expected to be adapted for use beyond
their current applications. This will be based on experience, technical evaluations, modeling, and
analyses as the technology matures.

Table II-5

Deepwater Discoveries by Map Areas

Map Area Number of Discoveries
Mississippi Canyon 34
Green Canyon 19
Garden Banks 13
Viosca Knoll 11
Ewing Bank 7
East Breaks 3
Alaminos Canyon 2
DeSoto Canyon 1
Atwater Valley 1

An estimated 50-60 deepwater projects are likely to be under development or producing by the
year 2007. The Ahigh casefl estimate is 90 deepwater developments by 2007. This is an estimate
based on current trends in oil prices, discovery rates, and well flow rates; any estimate would change
considerably if any or all of these factors changed drastically. The complexity of these projects will
range from one-well subsea developments to large multiwell developments associated with different
floating production systems, fixed structures/platforms, and subsea facilities. Table II-6 shows the
projected number of deepwater development Astart-upsi by year and the type of development systems
for the projects.

Table II-6

Projected (Estimated) Number of Deepwater Developments (AStart-ups@) by Year

Type of Development Systems

Year Subsea TLP Spar Fixed FPU FPSO Total

1 10

1 7

1 10
1 10

1 1 1 10
1 1 10
1 1 1 10
1 1 1 10

2000
2001
2002
2003
2004
2005
2006
2007

—_—— N W

AN I e N N N %l
—_

A summary description of the different types of structures that may be employed in the
development and production of hydrocarbon resources in the deepwater areas of the Gulf of Mexico
is provided in a separate MMS technical report (Regg, 2000). The papers provide an overview of
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each type of production structure, a technical description of the various components, and the
operational processes including installation, maintenance, and operational activities. The papers also
provide technical information on how the various components interface with the environment. The
technical information in the papers provides a basis for comparison of new or unfamiliar systems
with known and evaluated systems. This will be particularly beneficial for evaluating the technical,
safety, and environmental issues associated with systems for which there is little Gulf of Mexico
experience but some knowledge of the technology based on applications and experience elsewhere.
Three general types of development and production systems are currently deployed in the

deepwater Gulf of Mexico. These include fixed structures (e.g., conventional fixed platforms
and compliant towers), floating production systems (e.g., TLP=s, spars, and semisubmersible-
based FPS-s), and subsea systems. See Figure II-7 for a depiction of these systems and the ranges
of water depths expected for each system.

Fixed Structures

Conventional fixed platforms consist of a jacket, one or more decks, and Atopsides( equipment
such as separators, pumps, treaters, and manifolds systems. The jacket is composed of welded steel
tubulars and is secured to the seafloor by piles that are driven into the bottom. Once the jacket is
secured and the deck is installed, surface facility modules are added for drilling, production, and
crew accommodations. Large barge-mounted cranes are employed to install the jacket, deck, and
modular components. Technology and economic considerations tend to limit conventional fixed
platforms to water depths of generally less than 1,500 ft (457 m).

Compliant towers are similar to conventional fixed platforms; however, compliant towers can
yield to sea and wind forces in a manner similar to floating structures. The jacket portion of the
tower is smaller in dimensions (both in cross-sectional size of the jacket structure and in the footprint
on the seafloor) than that of a fixed platform. The towers tend to be more linearly shaped rather than
the characteristic pyramidal shape of the conventional fixed structure. Compliant towers may have
buoyant sections in the upper portion of the jacket. The towers are fixed to the seafloor by a base
template that is secured by piles driven into the sea bottom. Mooring lines from the jacket to the
seafloor may limit movement of the tower (guyed-tower design). Compliant towers are considered
likely candidates for a water depth range of 1,000-3,000 ft (305-914 m).

Floating Production Systems

There are several different types of floating production systems (FPS=s) that have been or are
projected to be installed in the Gulf of Mexico. A tension-leg platform (TLP) is a buoyant structure
that is held in place by a specialized mooring system. The mooring system is a set of vertical steel
legs or tendons held in tension by their attachment to a seafloor template and to a buoyant hull. The
TLP may resemble a semisubmersible drilling unit above the waterline. Installation begins by
driving piles through one or more templates or foundations on the seafloor. Then the legs/tendons
are attached to both the template and buoyant hull. The design dampens vertical motions but allows
for some horizontal movements. The surface facilities are similar to those of fixed structures.

A semisubmersible-based floating production system, commonly referred to as an FPS, is similar
to a TLP except the structure uses a typical catenary anchored mooring system for its stationkeeping
operations. Some semisubmersible drilling rigs have been converted to FPS=s by removing some
drilling equipment, making modifications to the structure, and installing conventional Atopsides(
production equipment to their decks.

A spar is a deep-draft, floating, caisson-shaped structure that is hollow (similar to a very large
buoy). It is composed of a buoyant hull, moorings, and surface facilities. The distinguishing feature



Floating Production, Storage

Fized Platform Compliant Tower Sea Star and Offloading System Tension Leqg Platfarm SPAR

FEASIBILITY

Fixed Plalorm

Sea Slar

Complian| Tawer
Tension Leg Plalorm
SPAR

PRS0
SubseaSyslem

WalerDepth in Melers

Figure 11-7. Deepwater Development Systems in the Gulf of Mezico.



11-24

of a spar is its deep-draft hull, which produces more favorable motion characteristics when compared
with other floating concepts. Approximately 90 percent of the structure is below the waterline. The
resulting low motion and the protected centerwell provide an excellent configuration for deepwater
operations. Spars rely on a traditional anchored mooring system to maintain their positions at sea.

Floating Production, Storage, and Offloading Systems

Floating production, storage, and offloading (FPSO) systems have been traditionally ship-shaped
(although not necessarily) facilities that produce, process, and store liquid hydrocarbons at an
offshore location. FPSO-s are viable through a wider range of water depths than other floating
production systems. Gulf of Mexico FPSOr=s are expected to be moored with conventional anchoring
systems. Subsea production systems will be used in association with FPSO=s. The surface
production facilities on an FPSO are similar to those associated with other offshore production
facilities. Produced oil will be stored within the hull of the FPSO. The hull may be single-hulled,
double-sided/single-bottomed, or double hulled. Produced oil will be offloaded to shuttle tankers
or ocean-going barges for transport to shore. Any natural gas produced from the reservoirs serviced
by an FPSO will be pipelined to shore. Storage of extremely large volumes of produced liquid
hydrocarbons (500,000 to 2.3 million barrels of oil), offloading OCS crude to shuttle tankers, and
transport of OCS crude by surface vessels are operational aspects that will be new to the Gulf of
Mexico OCS.

Some of the unique pieces of equipment found on FPSOs=s include the turret mooring system and
the swivel stack. The turret mooring system allows the vessel to weathervane around its moorings.
The swivel stack serves to transfer hydrocarbons and utilities (control fluids, electrical conductors,
chemical inhibitors, etc.) between the FPSO and the subsea production equipment.

Offshore Platform and Structure Requirements and Operatorzs Severe Weather Response

The MMS Operating Regulations address requirements for platforms and structures on the OCS
in 30 CFR 250 Subpart I. In addition, all platforms or structures to be installed in water depths
greater than 122 m (400 ft) are subject to the Platform Verification Program. The API
Recommended Practices (API RP 2A and API RP 2FPS) provide further guidance and are
incorporated by reference into these regulations.

Data on the operational environment are an integral part of the design, installation, and operation
of offshore structures. These data include such factors as wave heights and periods, currents, vertical
distribution of wind and gust velocities, water depth, storm and astronomical tides, marine growth,
and air and sea temperatures. Offshore structures are designed and constructed to withstand the
environmental conditions and loads expected at the site as well as the severe weather conditions that
may be expected in the Gulf.

When severe weather conditions approach offshore structures, operators implement their
operations curtailment and personnel evacuation plans. As a storm approaches, operators begin a
phased response that may ultimately require the structure=s wells and production equipment to be
temporarily shut in and the structuress personnel to be evacuated.

Subsea Systems

Subsea systems are multi-component seafloor systems that allow the production of hydrocarbons
in water depths where installation of conventional fixed or bottom-founded structures would not be
feasible. A typical subsea development system might include several subsea wells, a central
manifold, umbilicals, jumpers, and flowlines.
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Umbilicals are used to control remote subsea equipment from a supporting surface facility or
Ahost.f Typically, an umbilical is composed of a bundle of (1) hydraulic or electric well control lines
that activate components on the subsea tree, downhole devices, and other subsea equipment such as
valves on subsea manifolds; and (2) small well treatment lines (usually one-inch or less) that may
transport flow assurance and/or inhibiting chemicals to the subsea well. Generally, low volumes are
associated with the small well control and supplemental injection lines. Traditional impacts from
anchor damage or damage from ground-founding operations are unlikely in deepwater. Another
source of potential damage comes from pipeline activities. New deepwater pipeline installations
may be routed around umbilicals or the two lines may be vertically separated to preclude damage.

In deep water, subsea developments may be located many miles away from the supporting
surface facility. Well production is transported from the subsea well head to the host facility via a
Atie back@ flowline. As development moves into even deeper waters, existing deepwater facilities
may become hosts for more distant or deeper water facilities.

The full Awell stream@ (oil, gas, and produced water) from a subsea well will flow to the host
facility for processing. Equipment located on the host facility will control the operation of subsea
wellheads via electrical and/or hydraulic umbilicals. Specialized treatment fluids may be stored on
the host facility for use in maintaining flow assurance through subsea production equipment. These
treatment fluids may include chemicals for hydrate control, corrosion control, and/or special
inhibitors for paraffins and asphaltenes. These fluids are delivered to the subsea equipment through
dedicated lines in the control umbilical or through specialized pipelines.

Since production in the flowlines is subject to ambient conditions of cold temperatures, and high
pressures, hydrate, asphaltene, and wax formation in the lines remains a concern for operators. The
MMS and others are sponsoring research to determine how to prevent these precipitates from
forming in subsea flowlines and how to reinitiate production if they do inhibit or preclude flow.
Chemical injection appears to be the method of choice. Methanol and various types of glycols have
been used to inhibit hydrate formation.

Intervention into a wellbore may be needed for recompletion, workover, or well-control purposes.
For subsea systems, floating drilling rigs or specialized intervention vessels will be required for these
operations.

Chemical Usage in Offshore Operations

A variety of chemical products are stored and used for a number of different purposes during
offshore oil and gas operations. Some are used in specific treatment processes and others are used
in general Ahousekeepingfl procedures (Hudgins, 1989). Chemical products are used during
production operations, in gas processing, and to enhance flow through pipelines. The types of
chemical products include corrosion inhibitors, emulsifiers, demulsifiers, drag-reducing agents, pour-
point depressants, well stimulation and workover chemicals, hydrate inhibitors, antifoaming agents,
scale inhibitors, biocides, coagulants, and many more substances. Many of these chemicals are only
used to reduce or mitigate some type of operating condition. Other chemicals are used routinely and
their volumes are expected to be low because they are recycled (e.g., triethylene glycol used in gas
dehydration). Some of these chemicals may be added periodically; others are used only during
infrequent operations (e.g., injection of chemicals at startup or shutdown in a process). Some
chemicals are continuously injected (metered) into a process or at transfer points to control well or
flow conditions. A wide range of additives is now used in workover fluids and drilling fluids. These
specialty chemicals can have a major impact on well performance and resource recovery. Some
production systems would be considered inoperable without these specialty chemicals.

The use of some chemicals has increased in order to operate in the deepwater environment safely
and economically. Subsea production systems may require more extensive and frequent use of
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chemical products to maintain flow and to inhibit the formation of waxes, hydrates, corrosion, and
asphaltene in the flowlines. Deposition of complex and heavy organic compounds from petroleum
can cause blockages in the oil reservoir, in the well, in the pipelines, and in the oil production and
processing facilities. The types of compounds deposited can include asphaltene, resin, flocculated
material, diamondoids, clatherates, gas hydrates, paraffins/microcrystalline waxes, salts and oxides,
sulphur, mercaptans, and organometallic compounds. Deposition of heavy organic compounds is
not necessarily related to the percentage of asphaltic material measurable in crude oil. Rather, their
formation is strongly influenced by complex relationships between the various hydrocarbon fractions
occurring in crude oil, the thermodynamic influences of the deepwater environment, the addition of
oil treatment chemicals, and flow conditions within the flowline. Maintaining flow in deepwater
pipelines is made more difficult by the cold temperatures and high ambient pressures found at the
seafloor and because of the long distance between wellheads and the surface facilities.

The volume of chemical products needed may dictate the method of transporting the chemicals
to the offshore. Chemical products may be transported by supply or service vessels in DOT-
approved tanks or in tanks integrated into the hull of the vessel. The volume of one DOT tank can
range from 12 to 143 bbl. Multiple DOT tanks may be needed for an application. These tanks are
routinely lifted from the supply vessel to the facility and stored prior to being connected to their
process application inlet. Large quantities (thousands of barrels) of routinely used chemicals are
more likely to be conveyed via pipeline or barge. Tank barges may transport as much as 10,000-
15,000 bbl. Chemical transfers will involve hose and pipe connections from the hull of the supply
vessel or barge to onsite storage at the offshore facility. Many chemical products are routinely stored
for long periods at shore bases or at offshore facilities.

E. Pipelines

Historically, pipelines have been the primary mode of transporting liquids and gases from subsea
well sites to OCS production facilities, between OCS production facilities, and from OCS production
facilities to onshore facilities. Transportation-related issues associated with deepwater development
are discussed in an MMS technical report (Regg, 2000). The paper summarizes pipeline installation
methods, spanning, methods for maintaining flow assurance, and alternative transportation options.

For many deepwater applications, pipeline systems, called gathering lines, transport production
from remote subsea well sites to surface processing facilities. These pipelines are usually small in
diameter because they transport production from only one or a few wells. Pipelines may also
connect a minimal surface structure at a deepwater well site to its supporting host facility. A
minimal surface structure may contain well test equipment or Afree-water knockout(l equipment to
remove water from the production stream. Removal of the water reduces the possibility of hydrate
formation in the pipeline.

Rights-of-way (ROW) are granted for pipelines that are off the operator=s lease or unit. These
ROW pipelines are also called transmission lines, trunklines, or sales pipelines. These lines are
generally larger diameter pipelines that transport production from several fields after the
hydrocarbons have undergone separation and treatment. The destination for ROW pipelines is either
another offshore facility for further treatment or refinement of the hydrocarbons or a shore facility
for storage.

The operating environment for deepwater pipelines is different from the operating environment
of pipelines on the shelf. Deepwater pipelines face higher hydrostatic pressures, colder water and
sediment temperatures, different physical stresses during installation, effects from loop currents or
eddies during installation or operation, greater amounts or rates of flow assurance chemicals,
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possibly higher flow rates, greater span (length of pipelines above the seafloor) distances, rugged
seafloor topography, and technical challenges to monitoring and repair operations.

Pipeline installation methods for deepwater pipelines may be different from methods used on the
shelf. The AJ@ lay and bottom tows installation methods are unique to deep water. Deepwater
pipelines may also be installed using dynamically positioned lay barges rather than the traditional
anchored systems. While dynamic positioning eliminates the environmental effects from anchoring,
air emissions may increase due to combustion of fuel to power positional thrusters.

As of April 1998, there were approximately 26,600 mi of pipeline on the Gulfss seafloor. Most
of these pipelines support shelf and near-shelf facilities; a small percentage supports deepwater
operations. During the period 1990-1995, the growth in deepwater pipeline activities fluctuated
through a range of 2-19 percent of all pipelines installed in the Gulf of Mexico. A dramatic increase
occurred in the years 1996 and 1997, with deepwater pipeline installations being 34 and 46 percent,
respectively, of all pipelines installed in these years. Figure II-8 shows the percentage of deepwater
pipeline miles installed compared with the total number of miles of pipelines installed in the Gulf
of Mexico from 1990 to 1997. Approximately 58 percent of all existing deepwater pipeline miles
installed from 1990 to 1997 were installed during the two-year period of 1996-1997. Deepwater
pipeline Amiles installed@ are expected to range from 300 to 500 mi per year through the year 2007.
(This projection does not include the installation of replacement pipelines on the shelf to support
deepwater operations.) To date, producers have installed most of the deepwater pipelines. However,
pipeline transmission companies have shown a willingness to extend their systems into deeper
waters.

The chemical composition of the produced hydrocarbons and the available carrying capacity of
existing pipelines are two factors influencing the need for additional pipelines for deepwater
development activities.

Several oil and gas pipeline systems to shore are projected in this scenario based on the location
and number of expected developments during the next decade. These pipeline systems are likely to
be built with excess capacity to allow for additional field tie-ins.

Pipeline inspections and repairs in deep water offer some challenges to the industry. Remotely-
operated vehicles (ROV=s) will most likely be involved at great water depths. High hydrostatic
pressures, low ambient temperatures, darkness, and requirements to move or operate large/heavy
components make ROV operations difficult. Bundled pipelines and umbilicals may also complicate
ROV operations. Distant infrastructure make logistical support and emergency response more time
consuming and complicated. Currently, there are few ROV=s with capabilities for water depths
greater than 1,000 ft (305 m). Advancements in ROV technology and capabilities are expected to
evolve to facilitate deepwater pipeline inspections and repairs. Mohrss Deepwater Pipeline
Technology Conference paper gives a reasonable comprehensive discussion of deepwater pipeline
repair (Mohr, 1998).

Subsea spills may occur from deepwater pipelines as a result of leaking or damage. There are
many technical and environmental questions related to detection of deepwater pipeline leaks,
hydrocarbon movement in the water column, formation of hydrates at the leak site, and spill
treatment and/or cleanup. Research is ongoing to enhance the ability to detect a seafloor pipeline
leak in deep water, to stop the spill source once it is detected, and to ensure pipeline integrity in the
long term.

Operators who develop deepwater prospects evaluate all transportation options prior to making
decisions on whether to install new pipelines to shore. An alternative to installing new pipelines is
to increase the carrying capacity of the existing pipeline system to accommodate new production
from deep water. Additional carrying capacity for existing pipelines may be accomplished by
increasing the maximum allowable operating pressure (MAOP) within the line (requires MMS
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evaluation and approval) or by adding flow-enhancing chemicals into the pipeline. Other
transportation options are discussed in Chapter IL.F. below.

F. Alternative Transportation Options for Produced Hydrocarbons
Barging Operations

Limited barging operations, mostly associated with well testing operations, are anticipated from
deepwater activities. Some new drillships have liquid hydrocarbon storage capabilities that range
from 100,000 to 500,000 bbl. If the storage capacity of these vessels is used, e.g., for an extended
well test or limited first production, the liquid hydrocarbons will be offloaded to a shuttle tanker or
large ocean-going barge for transport to another facility or to shore. Offloading procedures will
adhere to U.S. Coast Guard regulations (33 CFR Subchapter O--Pollution) and be under the direction
of the Captain of the vessel. Sea state and meteorological conditions will limit offloading
operations.

Barging operations associated with extended well tests are expected to occur only once during
the development of a field. Storage of liquid hydrocarbons and subsequent barging may be a viable
alternative for facilities developing gas fields with limited amounts of liquid hydrocarbons. Barging
may also serve as an interim measure to transport liquids until a pipeline can be emplaced.

Tankering

The scenario for this EA projects 2-4 FPSO facilities operating in the Gulf of Mexico in the next
10 years. Each FPSO would be supported by one or more shuttle tankers with an expected cargo
capacity of 500,000 bbl of oil. For an assumed production rate of 100,000 BOPD, offloading
operations would occur approximately every five days. The liquid hydrocarbons would likely be
transported to Gulf Coast ports in Texas and Louisiana, or to the Louisiana Offshore Oil Port
(LOOP). Offloading and surface transport of OCS-produced oil will be new to the Gulf of Mexico.

Lightering from super tankers to shuttle tankers and offloading from FPSO-s to shuttle tankers
are similar operations. The USCGss Deepwater Port Study (USDOT, CG, 1993) provides
information about lightering operations and Gulf Coast ports. This study provides controlling water
depths for selected Gulf Coast ports that might support shuttle tanker operations (Table II-7).

Disposition of Associated Natural Gas

Natural gas associated with production of liquid hydrocarbons (oil-well gas) may present a
dilemma for some deepwater projects that are located far from the existing pipeline infrastructure.
This is of particular concern when the produced hydrocarbon liquids are to be tankered or barged and
the associated natural gas production does not economically warrant the installation of a gas pipeline.

There are several technological options for handling associated natural gas: (1) transporting the
natural gas via pipeline; (2) reinjection of the natural gas into a reservoir for future production; (3)
flaring or venting of the gas; or (4) conversion of the gas into a transportable liquid. As conservation
of the natural gas resources is a primary concern for MMS, requests for reinjection or flaring/venting
of associated gas would be evaluated by MMS on a case-by-case basis. The MMS has approved
flaring of limited volume and duration to allow for well testing, well unloading, and other infrequent,
short-term events. Natural gas liquefaction, conversion to methanol, or conversion to syncrude are
emerging technologies for marine applications. The plants involve complex processing equipment
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and are currently considered too large for most offshore FPS installations. There is a low probability
that these facilities would be operational in the field within the next decade.

Table II-7

Controlling Water Depth for Selected Gulf Coast Ports
that Might Support Shuttle Tanker Operations

Primary Port/Waterway Secondary Port/Waterway Controlling Water Depth (ft)
Lake Charles, La. 40
Lower Mississippi River, La. Baton Rouge 40
Mississippi River 40
New Orleans 32
Mississippi River to Gulf of Mexico 35
Mississippi River Entrance 45
Inner Harbor Navigation Channel 30
Freeport, Tex. 34
Corpus Christi, Tex. 47
Galveston, Tex. 42
Texas City, Tex. 35
Houston, Tex. Southern Pacific Ship Channel 42
Turning Basin 37
Port Arthur, Tex. Sabine Pass Channel 42
Port Arthur Harbor 40
Beaumont, Tex. 40

Source: U.S. Dept. of Transportation, Coast Guard, 1993.

This study also provides data on the average size of lightering vessels at selected Gulf Coast ports
(Table II-8). The OCS-related shuttle tankers are expected to be of a similar size.

Table II-8

Average Size of Lightering Vessels at Selected Gulf Coast Ports

Average Size Lightering
Port Vessel
(in deadweight tons)
Lake Charles, La. 74,000
New Orleans, La. 82,000
Freeport, Tex. 62,000
Corpus Christi, Tex. 81,000
Port Arthur-Beaumont, Tex. 75,000
Galveston-Houston, Tex. 65,000

Source: U.S. Dept. of Transportation, Coast Guard, 1993.
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G. Decommissioning Operations

Decommissioning operations are expected to undergo technical evolution similar to that seen
with other deepwater technologies. Production from most of the current deepwater structures has
not started to decline to a level that approaches the economic threshold for commercial operations.
One deepwater structure in the Gulf of Mexico has been decommissioned; Placid-s Green Canyon
Block 6 structure was removed and reused at Garden Banks Block 388.

Delays in decommissioning some of the major deepwater facilities are expected. Major facilities
may be tied into and support additional fields. Some facilities are expected to remain in place,
becoming host or hub facilities providing production support for other fields. Operation of some
deepwater facilities will be sustained through infield drilling activities to maintain production.

The MMS requires all operators to submit a decommissioning proposal for review prior to
initiating abandonment operations. The proposal must detail the operator=s plans to sever and
remove all wells, structures, and equipment from the terminated lease(s). Current decommissioning
requirements do not vary with water depth. Lessees are required to remove all structures and related
underwater obstructions within one year after the termination of their lease (Section 22 of the lease).
In addition, lessees must verify that the location has been cleared of all obstructions (30 CFR
250.702, 250.704, and 250.913).

For all deepwater decommissioning operations, some functions will be common to all types of
structure removal activities. All wells must be plugged and abandoned in accordance with 30 CFR
250, Subpart G. All pipelines and umbilicals used with subsea wells and equipment are required to
be cleaned, capped, and may be abandoned in place. If production risers are used at the facilities,
they are expected to be removed and taken to shore for salvage.

Initial development of deepwater prospects in the Gulf used large fixed structures (such as
Cognac). These platforms were assembled by stacking structural components on one another to form
the jacket. Decommissioning operations for these structures will most likely require dismantling the
jackets into components. Lift barge capabilities, such as hook load and derrick height limitations,
will be constraining factors.

Mid-water severing operations are likely for the larger fixed structures. For example, the length
of the jacket portion of compliant towers may require mid-water cuts to remove the jacket in
segments. Other alternatives include conversion to a rigs-to-reefs project, or toppling in place and
abandonment. Any mooring associated with the tower would be removed.

Foundations for tension-leg structures may include tendon templates secured to the seafloor with
multiple large-diameter (72- to 96-in) piles. Severing these anchor piles will be a technological
challenge at deeper water depths. Decommissioning of the structure=s long tendons will be another
challenge. To be physically manageable, these tendons will have to be removed in pieces or
abandoned in place. The hulls of these structures are expected to be removed from the field and
salvaged or reused at another location.

Decommissioning floating production structures, such as spars or FPSOs=s, will involve removing
the hull for salvage or reuse. Removal of a spar hull will be complicated by its very deep draft (600+
ft in the water column). Several spar-based projects have proposed onsite abandonment. Moorings
for these structures would also be removed. The FPS=s held in place by large diameter piles will
share some of the challenges facing tension-leg structure decommissioning operations.

Subsea development decommissionings will have the operators retrieving subsea production
trees and well jumpers. Other seafloor structures such as manifolds and templates will be retrieved
or abandoned in place.

The National Marine Fisheries Service (NMFS) developed a Biological Opinion, pursuant to
Section 7 of the Endangered Species Act, regarding the removal of certain oil and gas platforms and
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other structures in the Gulf of Mexico when explosives are used during decommissioning operations.
The conditions to protect endangered and threatened species set forth in this Agenericll opinion
pertain to the type and size of explosive charge used, detonation depth below the mudline, number
of charges per structural grouping, staggering of detonations, and use of qualified observers.
Limitations in the generic NMFS consultation were designed prior to the rapid expansion of leasing
and activities into deep water. The generic consultation currently limits explosive charges to no
more than 50 Ibs. This quantity of explosive may not be sufficient for the larger deepwater
structures. If larger charges are required, an operator would have to seek an individual Section 7
Consultation with NMFS.

The NMFS Opinion also contains an Incidental Take Statement (ITS). The purpose of the ITS
is to authorize the incidental taking of listed protected species during explosive decommissioning
operations. The applicant must adhere to specific terms and conditions contained within the ITS.

H. Associated Impact-Producing Factors
Operational Waste Discharged Offshore

The major operational wastes generated during deepwater operations are expected to be the same
as those in shallower waters (discussed fully in USDOI, MMS, 1997b and 1998), although
differences are expected in the volumes of the wastes being generated, the amounts and composition
of additives contained in the wastes, and the disposal options for the wastes when overboard
discharge is not allowed. Wastes generated by the OCS oil and gas industry are discharged offshore
if they are covered by and meet the requirements of a U.S. Environmental Protection Agency
(USEPA) National Pollutant Discharge Elimination System (NPDES) permit. The USEPA recently
finalized NPDES permit requirements that have a direct bearing on how industry operating in deep
water will dispose of its wastes. These new requirements are discussed under each waste type
described below.

Drilling Fluids and Cuttings

The major source of contamination to the marine environment from drilling operations is the
discharge of drilling fluids (also known as drilling muds) and cuttings. There are three differences
in the use and discharge of drilling fluids and cuttings associated with deepwater operations: the
extensive use of synthetic-based drilling fluids (SBF), an increase in the volume of cuttings
discharged prior to installation of the riser, and the use of new Ariserless@ drilling technology using
Amudliftl systems in place of risers.

Synthetic-based Drilling Fluids

In the Gulf of Mexico, 75 percent of all wells in Gulf of Mexico deepwater are drilled using
synthetic-based drilling fluids (SBF) for portions of the well (USEPA, 1999). To date, no oil-based
drilling fluids (OBF) are used in the deepwater due to the potential of spills, and due to higher
performance requirements (USEPA, 1999). It is expected that 90 percent of all wells drilled in deep
water will use SBF to drill a portion of the total hole depth. Chapter II.C. provides a description of
SBF and further information on SBF use practices. In general, synthetic muds are not being
discharged directly; because of their high cost, most SBF are recycled. Only SBF adhering to
cuttings are being discharged.
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The existing USEPA, Region 6, NPDES Permit effluent limits and monitoring protocols for
muds and cuttings are not applicable to SBF operations. Because the SBF are hydrophobic and any
formation oil adheres tightly to the SBF discharged with cuttings, the static sheen test and visual
observation of a sheen may not detect any formation oil contamination of the cuttings (Daly, 1997).
The USEPA:s current toxicity monitoring methodology for muds and cuttings is not applicable to
SBF. The current methodology determines the toxicity of the dissolved and suspended particulate
phase of discharged muds and cuttings on shrimp and minnows and thus applies to the effect of
dispersed mud in the water column; SBF do not disperse in the water column. To resolve this, the
USEPA, headquarters office, recently proposed Effluent Limitation Guidelines for drill cuttings
discharged with SBF (USEPA, 1999). This effort involved extensive data collection efforts and a
detailed evaluation of the available data acquired. The USEPA worked closely with industry
working groups and with other Federal agencies, especially the MMS. The proposed requirements
include testing for polynuclear aromatic hydrocarbons (PAH), sediment toxicity, biodegradation rate,
and formation oil for all cuttings (USEPA, 1999). The USEPA projects that their regulations will
reduce the discharge of SBF by 11.7 million pounds annually. Finalization of the regulations is
expected to take a year or more. The USEPA Region 6, which covers all operations in the Gulf of
Mexico west of the Mississippi River, has already published a proposed modification to their permit
to incorporate the Guidelines once they are finalized. The USEPA Region 4, which covers all
operations in the Gulf of Mexico east of the Mississippi River, has already banned the discharge of
SBF and cuttings wetted with SBF.

There is limited information on the environmental effects from the discharge of SBF-associated
cuttings. In general, the area and intensity of impact from drilling discharges of water-based muds
are proportional to the dispersal of the discharged plume and the deposition potential of the
discharge. In contrast, discharges of cuttings with adhering SBF do not disperse easily into the water
column and sink rapidly as a mass to the seafloor. Thus, the primary potential environmental
impacts are to benthic communities. Adverse effects occur due to the organic loading. Rapid
biodegradation of the SBF-wetted cutting piles causes high biochemical oxygen demand. Industry,
USEPA, MMS, and others are conducting research efforts to examine possible impacts from SBF.
Several screening surveys funded by industry and USEPA (Fechhelm et al., 1999; CSA, 1998) have
already taken place. The unpublished results, reviewed by the MMS, indicate that benthic fauna
were impoverished within 100-200 m from the well site, with some effects observed out to 500-
1,000 m, with recovery occurring within one to two years.

These impacts must be weighed against the environmental benefits of the use of SBF=s.
Compared to the discharge of other muds and cuttings, the discharge of SBF cuttings has reduced
water-column effects and physical seabed burial effects (Burke and Veil, 1995; Daly, 1997). Benthic
toxicity tests indicate lower aquatic toxicity than diesel and conventional mineral oils. Also, a
smaller volume of SBF than of other muds is needed to drill a well, thus producing less waste.
Allowing the discharge of SBF may reduce non-water quality environmental impacts. Prohibiting
the use of SBF may increase the use of OBF. All OBF and cuttings must be hauled to shore and
disposed of at commercial oil-field disposal sites. Thus, disallowing the use of SBF may increase
the volume of OBF that must be treated and disposed of onshore, which may contribute to the water
pollution concerns currently being faced at the commercial onshore disposal sites, and may affect
land use through additional disposal sites. Compared to the zero discharge option, the USEPA
estimates that allowing the discharge of SBF will reduce emissions of air pollutants by 450 tons per
year, decrease fuel use by 29,000 bbl per year of oil equivalent, and reduce the generation of oily drill
cutting wastes requiring off-site disposal by 212 million pounds per year.

At present, MMS is funding (1) a literature review that will summarize existing information on
environmental impacts and frequency of use of SBF and (2) a risk assessment. The MMS has plans
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to participate in a joint industry seabed survey to determine the effects of discharges of SBF=s on
sensitive bottom habitats.

Discharges of WBF and Cuttings at the Sea Surface

Seafloor disturbances from the surface discharge of drilling fluids and cuttings are depth
dependent (de Margerie, 1989). Accumulations of drill cuttings in 400-m water depth have been
identified extending from the wellbore in finger-like projections to an average of 450 m (the
maximum being about 610 m) (Nunez, personal communication, 1994). The sidescan-sonar records
indicate that the cuttings were distributed in thin accumulations less than 0.3 m thicknesses. It is
uncertain whether these accumulations include only those cuttings deposited at the seabed during
the initial drilling of the well or also those discharged at the surface. Discharged drilling fluids and
cuttings are expected to be distributed across broader areas of the seafloor with greater water depth
and to be generally distributed in thinner accumulations than in shallower areas on the continental
shelf. Contaminate levels in deep-sea sediments from drilling discharges are expected to be
extremely low. Smothering and toxic effects from these thin accumulations are expected to be much
less than documented at shallower sites. These accumulation characteristics have not been verified;
studies have not been conducted to determine how and if waste plumes impact sediments
surrounding deepwater discharge sites under varying oceanographic conditions.

Discharges of Drill Cuttings at the Seafloor

Muds and cuttings are discharged at the seafloor during drilling prior to installation of the riser,
during riser disconnect, and during well abandonment and plugging. The initial portion of all wells
drilled from floating drilling rigs is conducted under Ariserlessfl conditions with the cuttings being
discharged at the wellbore and being deposited directly on the seafloor. In deepwater, operators have
extended the portion of the well normally drilled riserless to a depth of approximately 2,000 ft below
the mudline. The volumes of these discharges that would be deposited on the seafloor are not known
and information on the potential effects is limited.

Riserless and Mudlift Drilling

After the casing is set, the subsea blowout preventer (BOP) and riser system are installed and
drilling returns come to the surface for separation and treatment. In a traditional deepwater drilling
scenario, a 21-in marine riser is connected to the BOP stack after the initial casings are run and
cemented in a well. Drilling fluid is pumped down the center of the drill pipe to the drill bit. The
drilling fluid and cuttings then return to the surface using the riser as a conduit.

AMudlift@ operations allow the drilling returns to be diverted at the subsea BOP and transported
to the surface via a marine umbilical or return line. In most of these operations, there will be no
marine riser. Gas lifting, drilling fluid density reduction, or submarine pumping may be included
in the system to facilitate circulation of the returns to the surface. Some mudlift systems are devising
partial solids separation for discharge at the seafloor.
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Produced Waters

Produced water constitutes the largest single source of material discharged into the Gulf during
normal oil and gas production operations. Produced water (also known as production water or
produced brine) is the water from the oil and gas extraction process. Produced water includes
formation water, injection water, and various chemicals. Formation water (also called fossil or
connate water) from the permeable sedimentary rock strata comprises the bulk of produced water.
Injection water is used to enhance oil recovery (secondary oil recovery) and may break through into
the oil formation and flow into the production well.

In order to develop oil and gas at the cold temperatures and high ambient pressures encountered
in deep water, more extensive and frequent use is anticipated for a number of chemical compounds
to enhance flow and to treat the production stream (Chapter I1.D.). Often these chemicals end up in
the produced-water waste stream. For example, approximately 19 percent of the offshore production
chemicals used on platforms in the North Sea are discharged to the ocean in treated produced water,
including more than 50 percent of the emulsifiers, surfactants, oil-removing agents, and scale
inhibitors (Neff, 1997). For other treating chemicals, less than 20 percent of the amounts used are
discharged with produced water. The NPDES permit requires sampling of the produced-water waste
stream for toxicity testing. Samples for monitoring produced-water toxicity are collected after the
addition of any substances, including seawater that is added prior to discharge, and before the flow
is split for multiple discharge ports.

The industry consortium DeepStar projects that oil and gas produced in deep water will most
likely be piped from subsea completions through multiphase flowlines to surface processing facilities
(DeepStar, 1994). These processing facilities will separate and process the production streams into
oil, gas, and water, and then discharge the produced water. It is expected that there will be fewer
produced water discharge sites in deep water but larger discharge volumes at the each site. The
recently finalized USEPA NPDES permit has removed the limitations on discharge rates. Toxicity
testing protocols are adjusted to ensure that the larger volumes of produced water discharges will not
exceed water quality criteria.

Some operators may consider installing mini-facilities located at the sea surface above their
subsea developments. This production option would allow the use of initial separation equipment.
The separation equipment could remove produced water prior to sending the remaining well stream
to the Ahost@ production facility. Under these circumstances, much smaller volumes of produced
water per facility would be discharged, i.e. produced water discharges would occur at the subsea
development site and less discharged at the host facilities. Produced water could be contaminated
with hydrate inhibitors or other chemicals and may require specialized treatment prior to discharge.

Recent industry models of produced-water discharges of 7,000 and 11,000 bbl/day predict that
the produced-water plumes would not penetrate deeper than 30 m into the water column, even under
weak density stratification (Smith, written communication, 1995). Modeled produced-water plumes
reach neutral buoyancy rapidly, limiting further vertical plume dispersion. Therefore, large volumes
of produced water discharged from surface facilities are not expected to impact water depths greater
than 100 m. Likewise, no seafloor contamination from produced-water discharges is expected below
the 100-m water depth interval.

Other Waste Discharges

In the newly promulgated general NPDES permit for Region 6 (west of the Mississippi River),
USEPA set standards for a new discharge classification--the discharge of chemically treated seawater
and freshwater. As discussed earlier, industry is expected to use large volumes of treatment
chemicals to produce hydrocarbons from deepwater reservoirs. Biocides, corrosion inhibitors, or
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other treatment chemicals may be added to seawater and freshwater for a variety of purposes, not all
unique to deep water. Some of the discharges proposed by industry are large (nearly 2 million
gallons per day) or may contain pollutants that are toxic at concentrations as low as 3 Fg/l (USEPA,
1998). Compliance by operators with toxicity limitations should prevent adverse environmental
effects.

All other minor waste discharges are permitted by USEPA and are expected to be rapidly
assimilated and dispersed in sea water. No impacts are expected to result from these minor
discharges.

Suggested Research and Information Synthesis

A series of field studies to determine the following information would help refine existing
mitigation measures and develop additional mitigation measures to protect sensitive bottom features:

o Distribution, dispersion, residence time, and toxicity levels of surface-discharged,
synthetic-based drilling fluids and/or cuttings wetted with SBF;

o Distribution, dispersion, and residence time of surface-discharged WBF and
cuttings; and

o Distribution, dispersion, and residence time of muds and/or cuttings discharged
at the seafloor during pre-riser and riserless drilling operations.

Development of a dispersion model that can estimate the vertical transport of produced water,
WBF, SBF, and associated cuttings would enhance our ability to project dispersion and potential
seabed deposition. The model would support design of mitigation measures based on potential areal
and time-function extent of sediment contamination, sediment toxicity, benthic changes,
biodegradation, and bio accumulation. Field research may be needed to develop the model and to
verify the model outputs. Some of the information that will support development of such a model
is already being gathered through MMS, USEPA, and industry research initiatives.

Trash and Debris

Oil and gas operations on the OCS generate solid waste materials made of paper, plastic, wood,
glass, and metal. Operations in deep water are not expected to generate substantially different types
or amounts of waste than those associated with comparable operations on the shelf. Some personal
items, such as hardhats and personal flotation devices, are accidentally lost overboard from time to
time.

The MMS regulations, USEPA NPDES permits, USCG regulations implementing MARPOL
73/78 Annex V, and the Shore Protection Act prohibit the disposal of any trash and debris into the
marine environment, call for the development of waste management plans, and require precautions
to prevent careless loss of solid waste or debris from offshore facilities or during transport.
Generally, galley, operational, and household wastes are collected and stored on the lower deck near
the loading dock in large covered containers. Service vessels transport these containers to shore for
disposal of the wastes in approved landfills. Food wastes are allowed to be ground up into small
pieces and disposed of overboard.

Over the last several years, offshore operators have employed waste reduction and improved
waste-handling practices to reduce the amount of trash that could be lost into the marine
environment. Improved waste-management practices include: substituting reusable ceramic cups
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and dishes for those made of styrofoam; recycling offshore waste; and transporting and storing
supplies and materials in bulk and in reusable containers, when feasible. These practices have
resulted in a marked decline in the accidental loss of trash and debris throughout Gulf of Mexico
offshore oil and gas operations.

Air Emissions

The OCS activities that use any equipment that burns a fuel, that transports and/or transfers
hydrocarbons, or that results in accidental releases of petroleum hydrocarbons or chemicals will
cause emission of air pollutants. Some of these pollutants are precursors to ozone, which is formed
by complex photochemical reactions in the atmosphere. The criteria pollutants of concern from OCS
activities are nitrogen dioxide (NO,), carbon monoxide (CO), sulphur dioxide (SO,), volatile organic
chemicals (VOC), and particulate matter. The USEPA=s Compilation of Air Pollutant Emissions
Factors (AP-42) does not currently contain a breakout of the different fractions of particulate matter
for all source categories. Since the total particulate loading is less than the most restrictive loading
allowed for any fraction, it is reasonable to assume that the impacts from any fraction would be less
than the total impact. Since the total is below the allowable levels, then the fractions must also be
below the allowable levels. All references to particulate matter in this document are to total
suspended particulate (TSP) and not to PM;y or PM; 5.

Deepwater platforms are generally farther from shore and less densely spaced than operations on
the shelf. Equipment for deepwater operations is usually larger and more powerful than that used
in shallower waters and therefore a source of greater emissions. As emissions from deepwater
activities are transported shoreward by prevailing winds, they are additive with emissions generated
by OCS operations on the continental shelf, additive both in the OCS and within the coastal counties
and parishes.

When comparing the emissions from large host facility operations supporting multiple subsea
developments with the emissions from separate smaller platforms for each field, several competing
factors come into play. The table below shows some of the expected differences.

Host Facility Servicing Subsea Conventional Facilities
Developments for Each Field

--- one host production facility --  multiple production platforms and caissons

-- support vessels for one surface facility -- support vessels for multiple surface facilities

-- larger and fewer pieces of production equipment -- smaller pieces of production equipment scattered
centrally located over a larger area

-~ less total emissions, but the emissions are -- more total emissions dispersed over the area of
concentrated near the host facility development

-- less emissions along support vessel transportation -- more emissions along support vessel transportation
routes and at support vessel bases routes and at support vessel bases

-- fewer OCS construction days --  more OCS construction days

-- greater likelihood of voluntary use of emission
control devices or of more efficient production
equipment because of space, economic, and
managerial considerations

Host facilities tend to be concentrated point sources of emissions scattered along the continental
shelf break. Since the production equipment is centrally located, it is larger in size. The generators
and compressors involved are typically more likely to be turbine driven rather than natural gas
reciprocating engines. Small turbine engines are not that common and are expensive; however,
turbines are efficient, reliable, and cleaner-burning. Also, as the volume of hydrocarbons handled
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increases, VOC control equipment becomes more cost effective as the volume of recovered saleable
hydrocarbons offsets the cost of the control equipment.

Having smaller but more numerous facilities scattered throughout the area is generally considered
better, if you are a neighbor to the facilities. But the benefit of scattering the platform emissions is
more than outweighed by the increase in nearshore and onshore emissions coming from the increased
support vessel usage needed to support these multiple facilities. Vessel emissions typically well
exceed those of the production equipment for OCS oil and gas exploration and development
activities.

The MMS has neither generated average platform emissions nor collected an inventory of
existing platforms to use as a basis for computing the proposed emissions. The MMS is in the
process of trying to gather such information. As a result of this information gap, the analyses of the
emissions in this document are based on (1) generalizations drawn from multiple plans (Note: In
plans, the company is required to submit a Aworst-casefll estimate of emissions.); (2) specific data
from individual plans or applications; and (3) generalizations drawn from the emissions inventory
collected in 1992 for the Gulf of Mexico Air Quality Study (Note: there were very few data collected
from deepwater operations in this inventory; therefore, these generalizations would likely under-
estimate average deepwater operations).

Of particular concern for deepwater operations are emissions associated with flaring during
testing of high-rate wells and with well cleanup operations. These operations involve burning large
volumes of liquid and/or gaseous hydrocarbons. A common contaminant of these hydrocarbons is
sulfur, and the resulting emissions can contain SO, emissions rates high enough to be of concern.

Evaporative losses and emissions from tanker/barge loading and unloading also need to be
evaluated. Increased volumes of liquids are projected to be transferred between vessels during well
testing and cleanup operations, and associated with FPSO offloading operations.

Hydrocarbon spills typically generate large quantities of VOC emissions, which correspondingly
can generate large quantities of ozone. It is assumed that emissions of air pollutants from surface-
based oil spills essentially cease after three days. The duration of a subsurface-released spill could
be much longer than the duration of a surface-based slick. Emissions from the subsurface spill
would continue from the time the oil first reaches the surface until approximately three days after
the oil stops surfacing.

Noise

Noise is associated with seismic surveying, drilling activities, production structures, pipeline
installation, and support service traffic (e.g., helicopters and support boats). Sound from these
activities can be transmitted through both air and water, and may be continuous or transient. The
intensity level and frequency of the sound are highly variable, both between and among the various
sources. The level of underwater sound depends on receiver (biological, mechanical, or electronic)
depth below the sea surface and altitude above the seafloor, aspect (from which direction the sound
is coming at the receiver), and strength of the sound source. Operations in deep water are not
expected to generate different types, frequency, or intensity of sounds than those associated with
comparable operations on the shelf.

The sound generated during seismic surveys is intermittent, with pulses (Gales, 1982). Airgun
arrays produce noise pulses generally less than one second in duration with very high peak levels
(higher than the continuous sound levels associated with any ship or industrial activities); however,
the short duration of each pulse limits the total energy. Levels are expected to be less than 200 dB
at distances beyond 90 m from the source (Gales, 1982). Pulses are often detectable at > 100 km
from the seismic ship, and in deep water may be detected at > 1,000 km away (Richardson and
Wiirsig, 1997). Most energy in seismic pulses is below 200 Hz; baleen whales communicate at
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frequencies mostly below 3 kHz, which is likely to overlap with dominant frequencies produced by
the seismic airguns. High-frequency noise produced during seismic surveys may overlap with
frequencies used by toothed dolphins and could possibly cause disturbance (Goold and Fish, 1998).
Marine vibrators, which may also be used as the sound source for deepwater seismic surveying, have
a lower peak-power output than airguns.

Drilling operations often produce noise that includes strong tonal components at low frequencies,
including infrasonic frequencies in at least some cases. Drilling noise from semisubmersibles is not
particularly intense and is strongest at low frequencies, averaging 10-500 Hz (Richardson et al.,
1995). Sound levels are generally higher near drillships than near semisubmersibles (Richardson et
al., 1995). From a semisubmersible, sound and vibration paths to the water are through either the
air or the risers, in contrast to the direct path through the hull of a drillship.

Machinery noise generated during the operation of production structures can be continuous or
transient, and variable in intensity. These levels vary with type of platform and water depth.
Underwater noise from the floating facilities used in deep water is expected to be relatively weak
because of the small surface area in contact with the water and the placement of machinery on decks
well above the water.

Aircraft and vessel support also introduce noise into the marine environment. Sound generated
from helicopter and service-vessel traffic is transient in nature and extremely variable in intensity.
Helicopter sounds contain dominant tones (resulting from rotors), generally below 500 Hz
(Richardson et al., 1995). Water depth and bottom conditions strongly influence propagation and
levels of underwater noise from passing aircraft. Lateral propagation of sound is less in deep water
than in shallow water. Helicopters, while flying offshore, generally maintain altitudes above 700 ft
during transit to and from the working area and an altitude of about 500 ft while between platforms.
Helicopters in transit to deepwater platforms will generally maintain higher altitudes for fuel
conservation during the long trip, although refueling stops will likely be needed.

Service vessels transmit noise through both air and water. The primary sources of vessel noise
are propeller cavitation, propeller singing, and propulsion; other sources include auxiliaries, flow
noise from water dragging along the hull, and bubbles breaking in the wake (Richardson et al.,
1995). Propeller cavitation is usually the dominant sound source. The intensity of sound from
service vessels is roughly related to ship size, whether the ship is laden or not, and speed. Large
ships tend to be noisier than small ones, and ships underway with a full load (or towing or pushing
a load) produce more noise than unladen vessels. Noise increases with ship speed. Sounds from
support vessels range from 400 to 7,000 Hz at 120-160 dB (USDOC, NMFS, 1984). Broadband
source levels for most small ships (about 180-275 ft, or 55-85 m, long) are about 170-180 dB relmPa
(Richardson et al., 1995).

I. Sour Oil and Gas, and Sulfurous Qil in the Gulf of Mexico

Sulfur may be present in oil as elemental sulfur, within hydrogen sulfide (H,S) gas, or within
organic molecules, all three of which vary in concentration independently. Although sulfur-rich
petroleum is often called Asour( regardless of the type of sulfur present, the term Asourl should
properly be applied to petroleum containing appreciable amounts of H,S, and Asulfurous( should be
applied to other sulfur-rich petroleum types. The matrix below summarizes concerns related to sour
gas, sour oil, and sulfurous oil.

Sour oil and gas occur sporadically throughout the Gulf of Mexico OCS (currently, about 65 total
sites), but principally offshore the Mississippi Delta. Examination of industry exploration and
production data show that H,S concentrations vary from as low as fractional parts per million (ppm)
in either oil or gas to as high as 650,000 ppm in the gas phase of a single oil well near the Mississippi
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Delta. The next highest concentrations of H,S are in the range 20,000-55,000 ppm in some natural
gas wells offshore Mississippi-Alabama. There is evidence that oil in the deep Gulf is sulfurous, but
deepwater gas fields to date contain extremely low H,S (< 2 ppm) and are not considered Asour{l by
any engineering or environmental criterion.

Petroleum Category
Concern Category | Sour Natural Gas Sour Oil Sulfurous Oil
Engineering Equipment and pipeline ~ Equipment and pipeline N/A
corrosion corrosion
On-Platform Irritation, injury, and Irritation, injury, and Irritation, injury, and lethality
Industrial lethality of leaks lethality from outgassing from exposure to sulfur oxides
Hygiene of spilled oil produced by flaring (See Chapter
IV.F. (Air Quality) for an
extended discussion.)
Off-Platform Irritation, injury, and Irritation, injury, and Irritation, injury, and lethality
General Human lethality of leaks lethality from outgassing from exposure to sulfur oxides
Health and Safety of spilled oil produced by flaring (See Chapter
IV.F. (Air Quality) for an
extended discussion.)
Ecosystem Irritation, injury, and Outgassing can increase or ~ N/A
Impacts lethality of leaks complicate oil-spill
impacts

J. Support Activities and Infrastructure
Region of Influence

Figure II-9 shows the relation of deep water and the shoreline of the Gulf Coast States. One can
see readily that distances to deep water vary markedly. The distance combined with channel depth
dictates which ports are the most attractive locations for deepwater support activities. Table II-9 lists
U.S. ports along the Gulf of Mexico with projected channel depths of 20 ft or more. These ports are
assumed to be capable of accommodating deepwater support activities. There are 28 such ports,
including 4 in Florida. Given the State of Florida=s opposition to oil and gas activities and the fact
that appropriate existing ports in the other Gulf Coast States are, in most cases, closer to potential
deepwater development, no Florida ports are expected to be used in support of deepwater OCS
activities. Short distances to deep water and channel depths of 20 ft or more to accommodate larger
service vessels were the two criteria used to select ports where deepwater support service centers will
most likely be located and also where localized, community effects will be felt most strongly.
Figure II-10 also shows a 50-mi radius surrounding each selected port. The American Automobile
Association sets 50 mi as a standard, one-way commute. Table IV-5 translates that radius for each
of the five port-centered regions into affected counties or parishes. Statistical data are more readily
available and accurate at the county/parish level. Table IV-5 also gives the 1997 population
estimates of each county or parish, subtotals for each state, and a grand total for the four-state region.
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Table 11-9

Major Gulf of Mexico Ports

Map Waterway/Port County/ State Maximum Distance to
ID* Parish Project Depth 300 Meters
(ft) (mi)
1 Charlotte Harbor Charlotte Florida 32 165.38
2 Tampa Harbor Hillsborough Florida 45 145.95
3 Panama City Harbor Bay Florida 34 142.81
4 Pensacola Harbor Escambia Florida 35 57.13
5 Mobile Harbor Mobile Alabama 40 93.07
6 Pascagoula Harbor Jackson Mississippi 40 83.02
7 Gulfport Harbor Harrison Mississippi 32 92.56
8 Mississippi River Gulf Outlet St. Bernard Louisiana 38 79.35
9 Mississippi River Gulf Outlet Plaquemines Louisiana 16 36.77
via Venice
10 "Atchafalaya River," St. Mary Louisiana 20 106.82
Morgan City to Gulf of Mexico
11 "Calcasieu River and Pass, Calcasieu Louisiana 42 161.04
LA (Lake Charles)"
12 Port of New Orleans Orleans Louisiana 45 88.50
13 Port of Baton Rouge East Baton Rouge Louisiana 45 145.32
14 Port of South Louisiana St. John The Baptist  Louisiana 45 105.08
15 Port Fourchon Lafourche Louisiana 20 37.37
16 Port of Plaquemines Plaquemines Louisiana 45 58.95
17 Orange (Sabine River) Orange Texas 30 157.30
18 Beaumont (Neches River) Jefferson Texas 40 155.52
19 Port Arthur Jefferson Texas 40 138.01
20 Sabine Pass Harbor Jefferson Texas 42 131.47
21 Houston Ship Channel Harris Texas 40 135.39
(Houston)
22 Texas City Channel Galveston Texas 40 107.46
(Texas City)
23 Galveston Channel (Galveston) Galveston Texas 40 103.56
24 Freeport Harbor (Freeport) Brazoria Texas 38 82.36
25 Matagorda Ship Channel Calhoun Texas 38 83.31
26 Corpus Christi Nueces Texas 45 84.19
27 Brazos Island Harbor Cameron Texas 38 58.16
(Brownsville and Port Isabel)
28 Brownsville Cameron Texas 38 73.62

*See Figure II-9.

Source: U.S. Dept. of the Army, Corps of Engineers, 1996.
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Ports and Service Bases

This assessment focuses on coastal ports with federally authorized channel depths of 20 ft (6 m)
or more (Figure II-9). Information on these ports is presented in Table II-10. Figure II-10 indicates
the shortest distance from each selected port to the 1,000-ft isobath. The circles on Figure 1I-10
represent a 50-mi radius around each port, with 50 mi being regarded as an easy one-way commute
for the local labor force.

Ninety percent of the current deepwater activity is occurring along the continental slope in the
CPA and eastern WPA, offshore Louisiana (Viosca Knoll to Garden Banks). Port Fourchon is
located in the center of this area of activity. Port Fourchon is one of the few Gulf ports that can
accommodate the draft of fully laden deepwater vessels and should be ideally located for the next
10-25 years. Venice, Port Fourchon, and Morgan City currently service most of the deepwater
activity. Galveston is expected to be the primary port supporting deepwater activity in the WPA.
The projected development of deepwater lease blocks to the east of Viosca Knoll is expected to lead
to the development of yet another deepwater service base located in the Eastern Gulf (e.g., Mobile
Bay Harbor) (White, personal communication, 1998).

Port administrations are expected to promote, capture, and accommodate business generated by
increased deepwater activities, as well as continuing support of offshore oil and gas activities in
general, commercial and recreational fishing, and other shipping activities.

Service bases are shore facilities and associated businesses that load, store, and supply equipment
and supplies needed at offshore work sites. They may also serve as transportation bases for offshore
workers. Table II-10 lists the OCS-related service bases located along the Gulf Coast.

As OCS operations move into deeper waters, larger vessels with deeper drafts have been phased
into service. Typically, these deeper draft vessels will not need channels with depths greater than
6-7 m (20-23 ft). Deepwater operations have increased activity levels at deepwater service bases,
most of which have access channels deeper than about 5 m (16 ft). Not all deepwater service bases
have access channels that are deeper than 5 m. Shallow-water service bases will continue to play
a role in deepwater support.

Other service bases that can accommodate deepwater vessels include Port Isabel, Corpus Christi,
Pelican Island, and Port Arthur, Texas; Lake Charles, Louisiana; and Theodore and Mobile,
Alabama. Pensacola, Panama City, and Tampa, Florida, are not currently used to support OCS
activities.

Service bases that are centers of deepwater activity at present are expected to continue as
important centers. Some ports are expected to expand to attract and capture additional deepwater
business. Expansion may involve deepening access channels, upgrading infrastructure, or adding
attributes important for attracting deepwater and other offshore petroleum activities.

As deepwater activities increase off southern Texas, service bases in that area are projected to
expand their support of those activities. Existing development patterns indicate that Port Aransas,
Port O-Connor, and Galveston are the most likely service bases to capture this business. To support
developing deepwater activities east of the Mississippi River, up to two additional service bases may
be developed in the vicinity of Alabama and the Florida Panhandle.

Port expansions often generate conflicts with other coastal resource users located in the port and
its vicinity. Such conflicts are discussed in Chapter IV.J. (Socioeconomic Resources). State coastal
zone management programs are intended to resolve many of these conflicts.



Tablell-10

Waterway Usage by OCS-Related Navigation

Approximate Potential Shuttle Tanker
Coadtal Areas | Waterway OCS Usage Service Base Barge Termina Port Areas
TEXAS Channel to Aransas Pass < 10% Aransas Pass
Port Aransas
Brazos Santiago Pass < 10% Port 1sabel
Corpus Christi Ship Channel < 10% Corpus Christi Corpus Christi Corpus Christi
Ingleside
Matagorda Ship Channel < 10% Harbor I1dand Matagorda Idand
Port Mansfield Cut < 10% Port Mansfield
Gulf Intracoastal Waterway < 10% Rockport
Port O'Connor
Freeport Harbor Channel < 10% Freeport Freeport
Houston Ship Channel < 10% Channel View Houston
Texas City Channel < 10% Texas City
Galveston Channel < 10% Galveston
Pelican Idand
Matagorda Ship Channel < 10%
Gulf Intracoastal Waterway < 10% Surfside
Sabine Pass Ship Channel < 10% Sabine Pass Beaumont
Nederland
Port Arthur
LOUISIANA | Calcasieu Ship Channel < 10% Cameron Lake Charles Lake Charles
Lake Charles
Freshwater Bayou < 10% Freshwater City
Intracoastal City
Gulf Intracoastal Waterway < 10% Intracoastal City
Louisa
Weeks Idland
Mermentau Navigation Channel < 10% Grand Chenier
New Iberia Canal < 10% New Iberia
Vermilion River 70% Abbeville
Erath
Bayou Teche 70% Berwick
AtchafdayaR./B. Chene 30% Bayou Boeuf Gibson
Berwick
Morgan City
Bayou Black 50% Gibson
Bayou Boeuf (not GIWW) 75% Amelia
Bayou Boeuf
Bayou Lafourche/Belle Pass 40% Port Fourchon
Leeville
Gulf Intracoastal Waterway 40% Patterson Gibson
Houma/Caillow/Terrebonne 30% Cocodrie
Dulac
Houma
Schriever
Theriot
Wax Lake Outlet < 10% Caumet
Mississippi River < 10% Norco Mississippi River Ports
Barataria Waterway < 10% Grand Ide
Mississippi River < 10% Bell Chasse Empire
Empire
Venice
Empire Waterway 20% Empire Empire
Miss. River Gulf Outlet < 10%
Gulf Intracoastal Waterway < 10% Harvey
MISSISSIPPI | Pascagoula/Bayou Casotte < 10% Pascagoula Pascagoula
ALABAMA | BayouLaBatre < 10% Bayou LaBatre
Gulf Intracoastal Waterway < 10% Dauphin Island
Mobile Bay < 10% Mobile Mobile
Theodore
Theodore Channel < 10% Theodore
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Navigation Channels

Thirty-nine channels, with a cumulative length of approximately 3,650 km, along the Western
and Central Gulf Coast are used in support of OCS activities. Canals, rivers, and bayous make up
about 55 percent of the coastal navigation routes; the remaining length is composed of broad bays
and sounds (derived from Turner and Cahoon, 1988; Wicker et al., 1989). Table II-10 lists the
channels and indicates which channels provide access between these service bases and the Gulf.
Typically, no channel deeper than 6-7 m (20-23 ft) will be needed to accommodate most of these
deeper draft vessels, and some channels providing 4-5 m depths will continue to be used. Deeper
drafts would be needed for transporting some large, prefabricated platform components.

The current system of channels is generally adequate to accommodate traffic generated by the
future OCS deepwater activities. Future OCS and other traffic patterns on navigation channels will
shift in accordance with local and regional economic, marketing, and managerial circumstances of
ports and facilities.

Construction Facilities

Construction facilities include platform fabrication yards, pipeyards, and shipyards. Because of
the large size of OCS structures, access to a navigation channel of appropriate width and depth is of
prime importance to these facilities.

Components of deepwater production structures are fabricated worldwide and then are generally
gathered at Gulf of Mexico facilities near major ports or on major navigation channels for assembly
prior to transport to the offshore location. In the past, Abare bones(l topsides were transported to the
offshore location where the wiring, plumbing, connecting, and finishing were completed. Today,
topside construction is done almost completely onshore. Bigger skids and crane lifting capabilities
have contributed to this change. Greater safety of onshore versus offshore work environment and
lower costs for onshore work are also contributing factors.

At pipeyards, pipes are coated with metallic, inorganic, and organic materials to protect the pipe
from corrosion and abrasion and to add weight to counteract buoyancy. Because of the
environmental conditions encountered in deep water, pipes may require specialty coatings or are
custom-made for specific applications.

Ten shipyards located at or near major ports or on major navigation channels along the Gulf
Coast are known to support the petroleum industry. Worldwide, shipyards are modifying their
facilities to accommodate the requirements of constructing the bigger vessels needed to support
deepwater activities.

Over the past 10 years, many construction facilities in the Gulf coastal region have closed or have
gone idle. With the resurgence of OCS activities in the Gulf, reactivation of some of these facilities
and construction of new ones are occurring.

Oil Refineries

A refinery separates and processes the naturally occurring components of crude oil into
marketable products. In the Gulf of Mexico, oil is either delivered directly to a refinery from the
OCS via pipeline or barge, or it is first delivered to an oil terminal via pipeline or barge and then
piped, barged, or trucked to a refinery. Deepwater oil may also be delivered to an oil terminal or
storage facility via shuttle tanker. Because of the secondary transport of crude oil, deepwater-
produced crude may be refined at any of the existing Gulf Coast refineries. Selection of a refinery
is more dependent on the available capacity and capabilities of the refineries and economic terms
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than on location. Tables II-11 and II-12 show the location, number of refineries, and approximate
production capacity of selected coastal refinery facilities that process at least some OCS crude. The
current capacity of these refineries is approximately 6 MMbbl per day (Oil and Gas Journal, 1997);
OCS crude accounts for about 20 percent of the operating capacity of these facilities (Rainey, 1992).
The MMS projects an increase in Gulf of Mexico OCS oil production from a production rate of
1.0 MMbbl per day in December 1996 to 1.7-2.0 MMbbl per day by the year 2002 (Melancon and
Roby, 1998). Part of this increase is attributable to expected production from deep water. Due to
legal and financial constraints, no new refineries are expected to be built to support OCS production,
OCS oil will become a larger percentage of the throughput of existing refineries, existing refineries
will expand their capacities, and some refineries that currently process only imported oil will begin
handling deepwater crudes. For example, the newly refurbished and expanded refinery of
TransAmerican at Norco, near LaPlace, Louisiana, has state-of-the-art technology and an expected
capacity of 75,000 bbl per day of sour crude. This is phase one of upgrading operations to this
facility. The investment of several billion dollars and is made partially on the basis of expectations
of increasing production from the Gulf of Mexico OCS (Patton, personal communication, 1998).

Table I1I-11

Location, Number of Refineries, and Approximate Production Capacity
of Selected Coastal Refinery Facilities

Approximate Production

Number of Capacity
Location Refineries (bbl per day)
Pascagoula, Miss. 1 295,000
Lake Charles, La. 2 530,000
Lower Mississippi River, La. 9 1,729,000
Freeport, Tex. 1 205,000'
Corpus Christi, Tex. 4 683,000
Port Arthur-Beaumont, Tex. 4 911,000
Galveston-Houston, Tex. 8 1,735,000

Source: Oil and Gas Journal, 1997.
' A 270,000-bbl-per-day expansion is expected for this facility to accommodate anticipated

deepwater production in the western portion of the Gulf of Mexico.
Gas Processing Plants

Natural gas produced on the OCS is piped to a processing facility if processing is necessary;
otherwise, the gas is transported via transmission lines for distribution to consumers. Gas processing
plants remove impurities from raw gas to meet preset standards of the purchasing agent before the
gas is commercially distributed. Some gas processing facilities simply remove any liquids (water
and condensate) from the gas; others may Asweeten( the gas by removing hydrogen sulfide and other
compounds. Some processing plants also recover saleable natural gas liquids and products, such as
butane, propane, and ethane from condensate, if these components are present in quantities that make
extraction economically feasible. OCS gas accounts for 50-65 percent of the utilized capacity of the
coastal gas processing plants.
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Table I1-12
Existing Coastal Infrastructure Related to OCS Program Activities in the Gulf of Mexico

Coastal Subarea

Western  Eastern  Western  Central  Eastern  MSand  Total OCS
X X LA LA LA AL Program

Refineries 3 13 4 4 3 1 28
Gas Processing Plants 9 12 13 11 6 5 56
Oil Pipeline Shore Facilities 5 10 24 14 20 1 74
Pipeyards 1 9 3 9 2 1 25
Platform Yards 5 1 7 18 8 6 45
Helicopter Hubs 6 6 8 8 4 1 33
Service Bases 8 6 8 12 6 4 44
Barge Terminals 2 4 1 3 1 0 11
Waste Disposal Facilities 8 2 3 4 0 2 19
Navigation Channels* 6 7 7 8 12 5 39
Pipeline Landfalls 3 26 64 50 60 11 214
Onshore Pipelines (km) 120 1,040 2,560 800 960 1,760 7,240

* Individual coastal subarea totals do not add up to the OCS Program total because some navigation channels
span more than one subarea.

The MMS projects that gas production from the Gulf OCS may vary from a production rate of
14.14 Bcf per day in December 1996 to 12.43-17.54 Bcef per day in 2002 (Melancon and Roby,
1998). Any increase will be partially due to new deepwater development. Existing gas processing
plants could be modified or expanded, or new facilities constructed, to accommodate the expected
increase in natural gas production from deep water. Gas plants in the coastal zone (Table II-12) that
are assumed to process OCS gas are operating at 60-90 percent capacity.

Disposal Sites for OCS Wastes

In the Gulf area, offshore oil-field wastes that are not discharged or disposed of onsite are
brought onshore for disposal and taken to specially designated, commercial oil-field waste disposal
facilities called Anonhazardous oil-field waste(l disposal sites or NOW sites. In Louisiana, there are
7 existing commercial oil-field waste disposal facilities that receive all of the types of wastes that
would come from OCS operations; in Texas, there are 10 facilities; and in Alabama, there are 2 that
are expected to continue servicing the OCS industry. Included in these numbers are two sites in
Louisiana and one site in Texas that process naturally occurring radioactive material (NORM)-
contaminated oil-field wastes. It is expected that all of the present commercial waste-disposal sites
will continue to operate, using all currently permitted acreage.

Solid wastes may include oil-based drilling fluids and cuttings, production storage tank sludges,
or produced oily sands and solids. At commercial waste-disposal facilities, solid wastes are usually
put into pits, land treated, land farmed, or undergo a stationary treatment process to remove
contaminants. Very often, however, the solid material is stored indefinitely onsite.

Liquid wastes brought onshore for disposal may include produced water; water extracted from
sludge; or treatment, workover, and completion fluids waste that fail NPDES discharge limitations
or requirements. Liquid wastes are usually transported to shore by barge or on tanks located on
supply boats. Once onshore, the wastes are generally transported to commercial oil-field waste
disposal facilities by vacuum truck or barge. At commercial waste-treatment facilities, liquid wastes
are usually injected into disposal wells. As of February 1997, there are 94 disposal wells located in
the Texas coastal zone and 17 in the Louisiana coastal zone.
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Of particular concern with deepwater operations is the ultimate disposal of synthetic-based
drilling fluids (SBF) and cuttings wetted with SBF. Because SBF are expensive, it is expected that
they will be recycled. If onshore disposal is required for SBF cuttings, there will be different
potential impacts associated with onshore disposal of the material. Drillers may switch to the lower
cost oil-based mud as an alternative to using SBF. A possible increase in the use of oil-based muds
may result and there may be onshore impacts associated with the disposal of these cuttings.

In addition to drilling and production wastes, trash and debris from the offshore oil industry
operations are shipped onshore for disposal. These wastes may include mud bags, drums, crates, and
a variety of domestic wastes. The OCS-generated trash and debris are disposed of at either
municipal or industrial landfills. The OCS industry is expected to continue to develop better trash
and debris recycling and disposal methods to reduce the volumes of these wastes that must be sent
to landfills. Considering the growing problem with inadequate landfill capacities and that OCS
operations will increase in the next few years, it is assumed that the expected levels of trash and
debris transported from future OCS operations will contribute to the need for additional landfills.

Deepwater Service Vessels

Service vessels primarily used in deep water are offshore supply vessels (OSV), fast supply
vessels, and anchor-handling towing supply/mooring vessels (AHTS) (White, personal
communication, 1998). Other deepwater speciality service vessels include well stimulation vessels.
The OSV=s and AHTS:=s carry the same type of cargo (freshwater, fuel, cement, barite, liquid drilling
fluids, tubulars, equipment, food, and miscellaneous supplies) but have different functions. The
AHTS:s differ from the supply vessels by their deepwater mooring deployment and towing
capabilities.

Length Draft Speed Crew
Type ) (ft) (kn)
(ONAY 90-240 18-20 12-15+ 8-10
Fast Supply Vessel 165 15 29 5
AHTS 220-276 16-22 15+ 10-13
Other Service Vessels ~ 240

There are currently 340 service vessels (155 ft or longer) operating in the northern Gulf. Each
vessel makes an average of three round trips per week. This amounts to an average of 53,040 round
trips per year for the entire service-vessel fleet in the northern Gulf, including deepwater trips. There
are currently fewer deepwater trips than shelf trips because there are fewer deepwater operations and
because some of the farthest deepwater operations are 200+ mi from port. Deepwater service vessels
cruising at 12-14 kn (loaded) may reach distant deepwater sites within 10-18 hours. The nearest
deepwater sites may be reached within 6-8 hours.

Deepwater OCS activities have resulted in an increased demand for service vessels and
particularly for those qualifying for deepwater operations. Despite the recent lower price of oil, the
service-vessel utilization rate remains high (approximately 85% for semisubmersibles and 80% for
drillships Gulfwide (Offshore Data Services, 1999). The assets needed to drill, develop, and
maintain the existing deepwater leases are currently in short supply.

Since 1997, the worldwide fleet of deepwater seismic vessels rose from 78 to 120 vessels
(DeLuca, 1998). There are typically 5-6 seismic vessels operating in the northern Gulf at any given
time (White, personal communication, 1998).
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Costly daily rates are reflection of the shortage of logistical support in the northern Gulf. The
cost of a supply vessel is roughly $9,000-$11,000 per day; semisubmersibles and drillships are
approximately $200,000+ per day (Greenberg, 1998). A response to the need for deepwater
logistical support was the 1997 order of 240 new supply, liftboat, utility, pushboat, towboat, tug, and
AHTS vessels (WorkBoat, 1998). Eighty of the recent service-vessel orders for the Gulf are OSV
(33%), a four-fold increase in newbuild orders since 1996. Forty of the vessels ordered are AHTS=s.

Most of the Gulfzs OSV=s were built in the 1970-s and were not designed to meet deepwater
performance needs. Recent deepwater AHTS and OSV orders are a partial replacement of aging
(20+ years old) vessels. New deepwater vessels will eventually incorporate most of the following
specifications: improved hull designs (increased efficiency and speed), a passive computerized anti-
roll system, drier and safer working decks, increased cargo capacity (water, cement, barite, liquid
muds, etc.), increased deck cargo capability, increased cargo transfer rates to reduce the time and risk
alongside structures (e.g., TLP), dual and independent propulsion systems, true dynamic positioning
system, fuel and NOy efficient engines, and Safety of Life at Sea (SOLAS) capability (WorkBoat,
1998; White, personal communication, 1998).

Helicopters

Helicopters will provide most of the personnel transportation for deepwater drilling and
production activities. Normal offshore work schedules in deepwater activities involve two-week (or
longer) hitches with crew changes on a weekly basis. Therefore, helicopters will travel to deepwater
facilities at least once a week.

According to Neill Osborne (personal communication, 1998), chairman of the Helicopter
Association International, the existing heliports in the coastal areas of Louisiana, Texas, and
Alabama will be able to accommodate the expected increase in Gulf of Mexico helicopter activity
anticipated over the next 10 years. The number of passengers has ranged between 3 and 3.5 million
annually Gulfwide since 1992, with a gradual and steady increase evident since 1994 (Helicopter
Safety Advisory Conference, 1996). Total takeoffs and landings have also increased since 1994,
reaching over 1.6 million in 1996. The total number of helicopters in the fleet, however, has
gradually declined from 626 in 1992 to about 500 at the beginning of 1998. In 1996, Air Logistics-
fleet of 167 helicopters increased its utilization rate from 56 percent working to 75 percent working,
which is near capacity since a number of craft are always in maintenance and are not available for
service.

Helicopter services in the Gulf are provided primarily by three private companies (PHI, Air
Logistics, and ERA), which contract services to offshore operators and the MMS. A few companies
own and operate their own helicopters. Of the approximately 500 helicopters currently in service
in the Gulf of Mexico, less than 10 percent are owned by oil companies. Increasing demand for
helicopter services throughout the Gulf offshore area has led to helicopter companies expanding their
fleets and hiring new personnel (Osborne, personal communication, 1998). Air Logistics alone hired
100 pilots and 50 mechanics in 1997 and is spending millions of dollars on equipment, training,
parts, and new aircraft to prepare for the rising demand in offshore helicopter transport services
increasingly influenced by deepwater exploration and development.

Helicopter refueling stations exist on many offshore platforms in the Gulf of Mexico and will be
relied upon extensively in transporting workers and supplies to distant deepwater rigs and structures.
Deepwater activities may stimulate the establishment of additional offshore refueling stations. At
present, aircraft fuel is barged to these offshore refueling stations. Since more fuel is expected to
be consumed by the helicopters because of the longer flight time to deepwater areas, larger volumes
or more frequent barging of aircraft fuel are expected.
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Employment

Given the present international configuration of the oil and gas industry, it is difficult to identify
and evaluate the human components of deepwater exploration, development, and production
activities. For example, a recent news item reported that a company with headquarters in Jackson,
Mississippi, bought a French manufacturer for an undisclosed amount of cash. This purchase gives
the parent company control over the fabrication of offshore oil rigs in Newfoundland and the U.S.
Gulf Coast, plus two rig equipment manufacturing plants in France, plus ties to servicing and parts
companies in 45 countries throughout the world (7he Times-Picayune, 1998).

Deepwater oil and gas development has both local and regional employment implications.
According to testimony given before the Senate Committee on Energy and Natural Resources
(August 11, 1992) by the Assistant Secretary for Domestic and International Energy Policy and
testimony before the Oceanography, Gulf of Mexico and OCS Subcommittee of the Merchant
Marine and Fisheries Committee (September 14, 1993) by the President of the National Ocean
Industries Association, for every $1 million invested offshore, 20 jobs are created. And for every
10 jobs created offshore, 37 jobs are created onshore. Full development costs for one deepwater
field can exceed $1 billion, thereby creating as many as 20,000 new jobs. This includes direct,
indirect, and induced employment. Many of these jobs will be distributed worldwide; most will be
created in the Gulf coastal area. A typical TLP project in the Gulf of Mexico may create about 3,000
jobs (directly and indirectly involved in the project). About 60 percent of those jobs are in Louisiana
and Texas. An average subsea project may employ about 400 employees at an estimated 25,700
person-days per project life. As with TLP projects, the majority of those employees are expected to
reside in the Gulf of Mexico coastal region.

Drilling in deep water has special requirements in terms of both equipment and labor. An
additional anchor boat may be required. Dynamically positioned drillships are needed both with
multiple drilling crews and navigational personnel. Computerized machinery may require
specialized operators. In recent years, equipment and labor availability have been limiting factors.

In general, MMS uses the following assumptions in projecting employment related to deepwater
drilling activities: semisubmersibles can drill eight wells per rig per year with an average crew of
about 150; and drillships can drill six wells per rig per year with an average crew of about 190. Not
all of the rig=s crew will be onboard at the same time. Crews are rotated so one might expect that
approximately 80-100 personnel would be on each offshore tour. Projections for employment related
to deepwater production operations are based on the same assumptions used for shallow-water
production operations.

The MMS is developing a study to survey employment needs of the offshore industry and will
update its employment assumptions with the availability of this new information.

K. Accidental Events

Collisions

The National Offshore Safety Advisory Committee (NOSAC) was commissioned by the U.S.
Coast Guard to examine collision avoidance measures between a generic deepwater structure and
marine vessels in the Gulf of Mexico. The final report of the NOSAC study was published on April
8, 1999, (NOSAC, 1999). The report focuses on the factors, equipment issues, and practices that
could result in collisions. Hazard analysis tools were used to formulate the initial findings and
recommendations in the report. A Ahigh level@ (coarse) quantitative risk assessment was performed
to evaluate the likelihood and consequences of collisions and to evaluate recommendations, e.g., use



1I-52

of intervention vessels and early notification/warning schemes. The NOSAC recommendations are
categorized into three areas. These include (1) voluntary initiatives for offshore operators, (2)
recommendations for joint government/industry cooperation or study, and (3) recommendations for
new or continued USCG action.

The report states that oil and gas facilities may be used as aids to navigation because of their
proximity to fairways, fixed nature, well-lighted decks, and their presence on navigational charts.
Mariners intentionally set and maintain course toward these facilities, essentially maintaining a
collision course. Unfortunately, most deepwater facilities do not install collision avoidance radar
systems to alert offshore facility personnel of a potentially dangerous situation.

The report estimates that 7,300 large vessels (e.g., tankships, freight ships, passenger ships, and
military vessels) Apass@l within 35 mi of a typical deepwater facility each year. This estimate results
in approximately 20 transits per day for the current 13 deepwater surface production structures.

The report estimates the total collision frequency to be approximately one collision with a
deepwater facility in 250 years (3.6 x 107 per year). If the number of deepwater facilities is
increased to 25, the estimated frequency increases to one collision in 10 years.

A cost-benefit analysis within the report did not support the use of a dedicated standby vessel for
the generic facility. However, the analysis did support the use of a radar system on deepwater
facilities if the system=s annualized costs were less than or equal to $124,500 per year.

In October 1997, the Health and Safety Executive in the United Kingdom produced an offshore
technology report entitled, AClose Proximity Study@ (HSE, 1997). The objective of the study was
to assess the risks of collision during close proximity operations involving shuttle tankers at offshore
locations. It also identified standards of control and mitigation to reduce the risks of collisions to
the A. . . lowest reasonable practicable levels.i The report provided some typical ranges of statistical
probabilities of collision between dynamically positioned offtake tankers and offshore export
facilities. As a note to the conclusions, the report states, Alt is not possible to make a straight
comparison of the figures above without taking account of the various assumptions and parameters
that have been used to support each original calculation. Each facility is different. For example,
there are differences in the number of cargo offtakes per year.(

Oil Spills

Although spills by nature are unforeseeable events, in the mature development areas of the Gulf
of Mexico, MMS can rely on past experiences to predict many factors regarding oil-spill risks.
Information gathered on past spills allows MMS to make predictions about expected spill frequency
and magnitude, slick behavior and impacts, and spill-response capabilities. Spill predictions for
deepwater areas are done with much less certainty. As industry rapidly expands operations into
deeper waters with technological advances, all parties involved are attempting to assess what could
happen if a spill were to occur. In the deepwater OCS, there will be different sources, potentially
larger magnitudes and, because of the possible locations and types of oil that could be spilled,
different fate and effects.

New Sources for Spills

Conventional fixed platforms, compliant towers, TLP=s, and spars used in deepwater are not
expected to have greatly distinguishable potentials for spill occurrence or spill magnitudes from
platforms used for shelf operations. The following summary provides information on new types of
activities in deep water that have the potential either to spill very large volumes of oil or to increase
the likelihood of spill occurrence.
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Spills from QOil Storage on Deepwater Drilling Facilities

Deepwater drill ships with large-volume oil storage and/or carrying capacity pose a risk of
potentially larger surface spills than is typical with shallow-water drilling rigs. By the year 2001,
there may be 10-18 ultra-deepwater-capable drilling rigs operating in the Gulf (Chapter II.C.). These
rigs/ships will remain at sea for long periods of time, and thus will carry large cargos of different
types of oil. For example, the not yet completed Global Hull 456 drilling ship, capable of drilling
in 12,000 ft of water, will include below-deck tankage for 28,000 ft’ of drilling mud; 7,000 bbl of
brine; 2,500 bbl of base oil; 45,000 bbl of fuel oil; and 130,000 bbl of crude oil (WorkBoat, 1998).
Several of the new drillships will have large storage capacities ranging up to 500,000 bbl to store
crude oil. Loss of containment, through collision or other failure, of one or more of these storage
tanks could result in a very large (over a 100,000-bbl) oil spill.

The likelihood of a very large oil spill occurring from a deepwater drilling vessel is different
when the ship is in transit versus when the ship is stationary (moored). While in transit, the ship
operates as a vessel. Examination of data on spills from vessels shows that, despite the large oil-
carrying capacity of many vessels, the likelihood of a very large spill is very small. Dr. Etkin of the
Cutter Information Corporation analyzed the data on 1,720 oil spills larger than 238 bbl (10,000
gallons) occurring worldwide from vessels (Etkin, 1997). Of these, less than 3 percent were larger
than 238,000 bbl (10 million gallons). Predominate causes of the 1,720 vessel spills included
grounding (24.8%), collision with another vessel (21%), structural or mechanical failure (11.3%),
ramming of a stationary object (such as a platform) (7.6%), fire/explosion (7.6%), and sinking
(6.9%). Correlation of cause by vessel size was not analyzed.

Less information is available about the risk of a large oil spill occurring in deepwater from a
drilling vessel that is stationary than is available about the risk of a spill that occurs while the vessel
is in transit. The MMS:=s database on spills that have occurred from drilling operations conducted
on the OCS between 1976 and 1985 was analyzed. There were about 80 diesel spills greater than
1 bbl reported. The database provides limited information, however, that would serve to project the
likelihood of a spill from drilling in deepwater. The MMS database does not distinguish if the spill
was from a drill ship or a fixed facility. The effect of any difficulties specific to deepwater
operations that might cause spills is not reflected in the data. Finally, the data do not support an
assessment of the potential for very large spills occurring because, historically, drilling rigs did not
store large quantities of oil. What the data do show are that most spills were very small (median size
5 bbl) and about 20 of the 80 diesel spills were due to equipment malfunction involving the fuel
tanks or due to ramming involving supply vessels (8 of the 80 diesel spills). A vessel collision was
the cause of the only diesel spill greater than 1,000 bbl to occur during drilling.

Spills during Oil Transfer Operations Associated with Drilling Operations

The risk of spills during routine oil transfer operations may be slightly higher in deep water than
in the shallow waters of the Gulf. Because of the high development costs in deep water, industry
may conduct extended well-testing operations from the drilling rig prior to its leaving the site, and
these wells must also be unloaded and cleaned up before the rig moves offsite. Oil produced during
well testing and well cleanup is likely to be loaded directly onto a barge or temporarily stored on the
drilling vessel before offloading to a shuttle tanker or barge (see discussion above), unless the
operator gets special permission to burn the liquids. The risk of a spill occurring during this kind
of oil transfer operation in deep water is compounded by the use of barges to facilitate the transfer.
Statistically, barges have resulted in a greater number of spills as compared with other types of
vessels (United States Coast Guard data). Although no formal database exists, industry has records
of six fairly recent incidents involving problems with barges either breaking loose or colliding during
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deepwater operations (Satterlee, personal communication, 1997). No oil was spilled in any of these
incidents, but they do indicate the risk of events that could result in an oil spill.

Spills can also occur from a drilling rig or the moored service vessel because of failures of the
mooring systems or as a result of a collision. Mooring system designs are more complex to
accommodate the sea conditions encountered in deepwater. The frequency of collisions between
service vessels and mobile units is greater than between service vessels and fixed facilities data
provided to the MMS by Satterlee (personal communication, 1997).

Oil transfer activities between a rig and a barge are governed by USCG regulations. The master
of the tug in charge of the barge is ultimately responsible for safe and prudent transfer operations.
Oil offloading activities should occur only when established criteria allow for these operations.
Despite this, transfers have occurred in rough seas when there is no storage for the oil being
produced during well testing.

Seafloor Spills from Blowouts or Pipeline Ruptures

Deepwater fields may be developed by large subsea developments tied by flowlines over great
distances to centralized processing surface facilities, called host facilities, that will function as hubs
for deepwater production. Although the loss of well control (blowout) is not a new source of spills,
the likelihood and magnitude of spills from them or from a large pipeline rupture in deep water may
be very different from the likelihood and magnitude of such spills in shallow water. Of particular
concern is the ability to stop a deepwater subsea spill once it begins, thus limiting its size. For a
subsea blowout, the lack of a surface structure and the possible high-flow rate that may be
encountered may make intervention to regain control of a subsea well difficult. To date, industry
has estimated worst-case spill volumes ranging from 5,000 to 116,000 bbl/day for 120 days for a
continuous flow (i.e., bridging, reservoir depletion, or intervention does not occur). For the 5,000-
bbl/day spill, MMS estimated that, not accounting for a cleanup, close to 600,000 bbl of oil would
be remaining on the sea surface after 120 days of weathering.

Extensive systems of large-diameter pipelines are expected to service most of the deepwater
operations. Because of the large volumes of oil that must be transported (recently a 400,000 bbl/day
line was installed) and the specific characteristics of some of the oils, these deepwater pipeline
systems are not expected to tie into the existing networks on the shelf; they are expected to extend
from deep water to shore. The risk of spill occurrence from shallow-water pipelines is well known.
Given that the greatest cause of pipeline spills is anchor damage in shallow waters, it is surmised that
the risk of a spill from the portion of the pipeline in deep water would be much less than the risk of
a spill from the portion of the pipeline in shallow water. Spill occurrence risk from deepwater
pipelines is complicated by uneven terrain and the potential for mass transport of sediments.
Pipeline failures may be mitigated by hydrate plugging after shutting off flow and by the hydrostatic
equilibrium existing on the seabed.

Information about the behavior and transport of oil from the seafloor to the surface in deep or
ultra-deep water is limited. High hydrostatic pressure and low ambient temperatures are expected
to affect oil behavior, phase changes, and the physics of the rising plume. A recently completed
modeling effort showed that neutrally buoyant hydrates might form from some of the gaseous
components in a blowout fluid (S.L. Ross Environmental Research Ltd., 1997). This would allow
the oil to rise to the surface as dispersed oil droplets under gravity forces only, although viscous
water-in-oil emulsions could also form. If the oil were to reach the sea surface, the surface signature
of the spill may be far away from the subsea origin. It may consist of oil droplets that form a very
thin surface slick spread out over a larger area, accelerating the speed that the slick breaks up and
dissipates. Field trials and modeling efforts recently completed by IKU (Rye and Brandvik, 1997)
showed that the stratification of the ambient water masses may prevent the subsurface oil plume
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from reaching the sea surface. Not all of the oil originally released subsea would be expected to
reach the surface in the form of a surface slick.

Leaks in Subsea System Flowlines/Risers

Typically, the produced well stream will be carried from subsea wells along the seafloor via
flowlines, then through the water column to the surface facility via risers. There may be as many as
36 risers to one surface facility (Lovie, 1997). Leaks in the fittings or structural breach of any
flowline or riser can result in release of oil. Because natural gas solubilities increase by orders of
magnitude in deep water and because of the oil densities, surface detection may be nearly impossible.
Leaks may be detected by pressure drops in the lines and confirmed by ROV inspection of the lines
and other components. Equipment that can detect leaks in multiphase flowlines is critical for
deepwater operations because, given the water depth, it is unlikely that a surface slick would quickly
form and be spotted. Safety valves at the host facility and in the production tubing beneath the
subsea tree can shut-in and limit the size of a spill whenever a leak is detected. With these safety
mechanisms, a seabed or mid-water spill from a flowline or riser rupture would likely not be as large
as a spill resulting from a subsea blowout. To date, few, if any, deepwater flowlines have multiphase
detection meters installed. Once a leak is detected and the line is shut-in, leakage may stop because
of hydrate plugging, dependent upon the composition of the well stream and whether there is an
operating heating system for the flowline. Even without detection systems in place, spill size may
be limited by the hydrostatic pressure of the water column at a small leak site.

Spills from Storage on FPSO=s

Common misconceptions are that tanker-based FPSO=s will be much more prone to oil spills than
other deepwater facilities and that FPSO-related spills will be very large. The FPSO spill history
does not support this perception. The following conclusions are drawn from examining spill
occurrences from international applications of this technology.

To date, FPSO-s show only a slightly elevated likelihood of the occurrence of a large oil spill.
The following information is taken from Key and Wallacess (1998) overview of FPSO spill history.
Since 1986, there has only been one spill greater than 1,000 bbl (a 4,725-bbl spill that occurred in
1997 due to operator error during startup of the FPSO); the cause of this spill was not related to the
facility being an FPSO. To compare the likelihood of such spills occurring from FPSO=s to the
likelihood of such spills occurring from fixed platforms, the same methodology for calculating the
spill occurrence rate (i.e., spills > 1,000 bbl per BBO handled) was used for both platform types.
The one historic FPSO spill results in a spill rate of 0.56 spills per BBO handled for FPSO=s. This
is slightly higher than the spill rate of 0.45 spills per BBO for fixed platforms; a rate based on 12
spills > 1,000 bbl since 1967.

Comparison of the volumes of oil spilled from FPSO=s and volumes of oil spilled from
conventional offshore oil production facilities disagrees with the belief that more oil would be spilled
from FPSOss. In addition to the 4,725-bbl spill, there have been some small spills from FPSO=s. A
total of 171 spills < 1,000 bbl (all actually <200 bbl) have occurred from FPSO-s since 1986, with
a total spillage of only 425 bbl. In contrast, there have been 322 spills < 1,000 bbl from OCS
facilities (both platform and pipeline) in the Gulf of Mexico. Since the number of facilities is very
different, a better comparison would be the volume of oil spilled per volume handled. The overall
record for FPSOss to date is 2.9 bbl of crude spilled for every million barrels of produced crude. The
overall record for OCS platforms and pipelines (1971-1995) is 4.5 bbl spilled per million barrels
produced.
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Despite this good record, there remains concern that the large volumes of oil that will be stored
on the FPSO creates the potential for a catastrophic spill. Storage capacities in the existing
worldwide FPSO fleet range from 55,000 to 2,300,000 bbl. The FPSO-s projected for use in the Gulf
of Mexico are expected to have storage capacities of 1 million bbls of produced oil. Various risk
assessments have identified the risk and potential causes of a large oil spill from FPSO operations.
Appropriate prevention and response protocols need to be developed and evaluated. The type of
event that could result in a worse case spill of nearly the entire volume of oil stored being lost (a
catastrophic spill) is expected to be limited to structural failure of the vessel due to fire, explosion,
hurricane, or collision.

Spills from Shuttle Tankers Servicing FPSO-s

Shuttle tankers servicing FPSO=s are a new source of potential OCS spills in the Gulf of Mexico.
The capacity of shuttle tankers used to transport oil from an FPSO to shore would likely range from
50,000 to 500,000 bbl. The size of the shuttle tanker is dependent on several factors, including the
storage capacity of the FPSO, the intended offloading terminal, and the availability of vessels. At
present, shuttle tankers are routinely used in the Gulf to offload imported oil from supertankers, and
the risk of spill occurrence associated with these operations is well known (ITOPF, 1998; Etkin,
1997; NRC, 1998). Although the public perception is that tanker spills are always large, the vast
majority of tanker-related spills (86%) are less than 50 bbl. Most small spills occur from operational
errors during loading and offloading (58%). Safety features allow transfer operations to be quickly
shut down, thus preventing large spills from occurring.

Large spills are almost always caused by accidents, collisions, groundings, hull failures, fires, and
explosions (83%). The National Academy of Science, National Research Councilzs Marine Board
Committee on Tank Vessel Lightering, has just released a study on oil-spill risks from lightering
(vessel-to-vessel oil transfer) operations. Overall, the Marine Board-s report characterized lightering
spills as A. . . very low rates of spillage of oil both in absolute terms and compared with all other
tanker-related accidental spills.f In the study, the Board stated that approximately 95 percent (by
volume) of the offshore lightering off the U.S. coast takes place in the Gulf of Mexico. The Board
collected additional data for 1993-1997 from the USCG, industry, and State agencies. These data
indicated that only seven spills were reported in the Gulf. The volume spilled constituted less than
0.003 percent of the total volume lightered. Only one spill was substantial; more than 850 bbl of fuel
oil were spilled as a result of a collision in 1995 near Galveston, Texas. The Board also examined
USCG spill data from 1984 to 1996. These data indicated that recurring causes of spills that appear
to be directly related to lightering operations involve valve failure, tank overflows, and hose ruptures.
The average spill volume documented in this 1984-1996 data was 26 bbl.

Industry has established guidelines for lightering operations. The Oil Companies International
Marine Forum (OCIMF), an international group of vessel owners and charterers, has developed
comprehensive minimum standards for offshore lightering. In U.S. waters, a supplement to the
OCIMF guidelines was developed by the Industry Taskforce on Offshore Lightering (ITOL).

The MMS developed rates of spill occurrence (spills > 1,000 bbl) for various transport modes
based on the volume of oil handled (Anderson and LaBelle, 1994). The statistics show that it is the
sheer volume of oil transported by tankers that has resulted in the recent frequency of tanker spills.
The U.S. tanker spill rates for spills > 1,000 bbl are 0.51 spills per BBO at sea and 0.70 spills per
BBO in coastal waters near port. Caution should be taken in comparing these spill rates for U.S.
tankers to the spill rate for OCS pipelines because the spill rate for OCS pipelines was calculated
using only historical spills occurring in Federal waters. Despite this fact, the spill rate for spills
>1,000 bbl from OCS pipelines is much larger--1.32 spills per BBO transported. Other factors to
be considered when comparing tanker-related to pipeline-related spills are the size of the spills and
the most likely locations of the spills. The median size of OCS pipeline spills occurring between
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1980 and 1993 is 5,100 bbl (average size is 8,500 bbl) compared with the median size for tanker
spills of 9,000 bbl (average size of tanker spills is 27,500 bbl) (Anderson, 1997). In general, OCS
pipeline spills will occur farther from shore than where tanker spills are most likely to occur.

Factors Affecting the Environmental Impact of Spills from Deepwater Operations
Causes

Despite an increased number of new sources for potential spills, as well as the possibility of
much larger spills, one should not conclude that there is an increased risk of environmental impact
from spills in deep water. There may not be as many spills. The major causes of spills in shallow
water are not factors in deep water. For example, one of the major causes of spill occurrence on the
OCS has been interactions with other vessels. Twenty percent of the total numbers of spills and 74
percent of the volume of oil spilled from 1971 to 1984 was caused by vessel mishaps. Since
deepwater operations will be consolidated into fewer numbers of surface structures located away
from the highest vessel traffic areas, the risk of collision is expected to be much less than the risk
that exists for shallow-water operations. Also, hurricanes and storms have played a large part in
causing spills from older Ashelfl platforms in the Gulf. New deepwater facilities (both floating and
fixed) will utilize state-of-the-art design to withstand the storm conditions expected in the Gulf of
Mexico. In addition, the perception that the likelihood of spills from tankers is much greater than
from platforms and pipelines is not supported by an examination of statistics on historical
occurrences versus volume handled.

Shoreline Contact of Deepwater Spills

The likelihood that a deepwater spill will reach sensitive coastal features is relevant in
determining the potential for environmental impact from these spills. It is generally believed that
an oil spill can be most damaging when it accumulates in coastal environments. The likelihood that
a spill occurring in deep water might be transported to shore within 30 days was determined by
OSRA model results that incorporate only physical oceanography and wind transport (Price et al.,
1997). The OSRA model runs do not include any containment or cleanup responses to a spill that
would be initiated by an operator for an actual event. During September through April, the western
Gulf of Mexico has a well-developed westward coastal current from Louisiana to Texas waters.
Under the physical oceanographic and meteorological conditions during this period, the risk of a
deepwater spill contacting the nearest shore line may be extremely low; the higher risks of contact
may displaced to areas farther from the spill source.

Except for the area around the Mississippi Delta, spills that might occur in the CPA in water
depths of 200-900 m (656-2,953 ft) have as high as a 48-percent probability of reaching land within
30 days, a 21-percent probability for operations in water depths 900-3,000 m (2,953-9,843 ft), and
a 7-percent probability for operations in water depths greater than 3,000 m (9,843 ft) of water.
Probabilities for shallower water depths are as high as 99 percent.

Model runs show that the likelihood that a spill from deepwater operations in the WPA might
reach land is surprisingly greater than in the CPA. There is up to a 70-percent chance that a spill
occurring in water depths greater than 200 m (656 ft) would reach land within 30 days, and up to a
47-percent chance for water depths greater than 900 m (2,953 ft).

There is a slight risk that the oil may impact Mexico, Cuba, or southern Florida-s coastal
resources. Several circumstances would need to coincide: a very large spill, ineffective clean-up
operations, and slick persistence for at least 30 days. The OSRA trajectories show that, if an oil spill
were to occur in water depths greater than 3,000 m (9,843 ft) in the CPA, there is an 11-percent
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probability that it could reach the Florida Keys within 30 days. There is also a very small probability
that the eastern portion of Florida would be contacted; the area near Miami has a 2-percent
probability of being contacted from a spill occurring in the CPA in deep water. If a spill were to
occur in the WPA in water deeper than 3,000 m (9,843 ft), there is a very small chance (1%) that it
could reach the Mexican area just south of Matamoras. The model did not analyze the risk of contact
south of this area.

Persistence of the Slick

The OSRA model results do not include the likelihood that the slick may break up and disperse
before 30 days. The resultant surface slick may dissipate naturally over time or be contained and
cleaned up before reaching coastal waters. Most of the smaller spills are expected to dissipate prior
to reaching shallow water. Only the largest of slicks are expected to remain on the surface of the
water long enough (30 days or longer) for a very large volume of oil to possibly reach coastal
resources. Of concern is the fact that very large volume spills projected for subsea blowouts might
be continuous spills lasting up to 120 days. These spills will not weather as quickly as spills that are
of short duration because there is a continuous source of unweathered oil. There may be substantial
quantities of oil transported by winds and currents for even longer than the 30-day period analyzed
by the OSRA model runs.

The form that the slick takes from a subsea spill in deep water may be very different from oil
spilled at the surface and may affect the persistence of the surface slick. Oil released subsea (e.g.,
subsea blowout or pipeline leak) in these deepwater environments could remain submerged for some
period of time and travel away from the spill site and then surface as a very thin slick covering a
large diffuse area. It is expected that weathering of such a slick will occur very rapidly, resulting in
the slick disappearing from the surface of the water after a short time, thus decreasing the likelihood
that the slick will reach sensitive coastal features.

To complicate further any assessment of the persistence of a deepwater slick, information is
limited about the characteristics of oil that will be produced in deep water. Initial geochemical
information on oil characteristics in deep water shows that some of the oil may be fairly heavy, may
be waxy, and/or may contain fairly high asphaltenes, high metals, and high sulfur relative to typical
oils produced in shallower waters in the Gulf of Mexico. All of these characteristics will affect the
way spilled oil will weather over time. Oils having an API gravity less than 10 are generally
expected to sink. Oils having an API gravity ranging from 10 to 17.5 are expected to float initially
but could sink after weathering and/or incorporating particulate matter. Lighter oils with low
asphaltene content are known to dissipate rapidly. At present, both the oil and gas industry and
MMS are gathering data on the chemical and physical characteristics of deepwater oils.

Response to Deepwater Spill Incidents

The ability to respond to a spill that might occur in deepwater will vary, dependent upon a
number of factors. Among these factors are the chemical and physical characteristics of the oil, the
volume of oil spilled, the rate of spillage, the weather conditions at the time of a spill, the source of
the spill (e.g., subsea blowout, pipeline release, surface release from an FPSO or a drill ship), and
the amount of time necessary for response equipment or chemical countermeasures to reach the spill
site. Since no single, spill-response method is 100 percent effective, larger spills in deep water under
certain conditions may require the simultaneous use of multiple cleanup methods (e.g., mechanical
cleanup, in situ burning, and dispersant application). Spill responses may be complicated by the
potential for very large magnitude spills (because of the high production rates associated with
deepwater wells), the length of time it could take to abate the source of the pollution (e.g., subsea
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blowout or pipeline leak), and the possibly longer response times from shore-based facilities to
deepwater locations. However, the distance from shore will generally allow more time for
containment and cleanup efforts and natural dissipation of the oil to take place at sea.

The capability to respond to a spill depends, in part, on the physical and chemical properties of
an oil. Since the physical and chemical characteristics of future deepwater oils are unknown, it is
difficult to determine how slicks of these oils will respond to any of the existing oil-spill-response
countermeasures. Although there is a possibility that oil spilled from either a drillship or an FPSO
in deep water could sink or that oil released subsea (e.g., subsea blowout or pipeline leak) in deep
water could remain submerged for some period of time and travel away from the spill site, there are
few practical spill-response options for dealing with submerged oil. It should be expected that it may
not be possible to predict the movement of the oil or to detect submerged oil in the deepwater
environment. Containment and recovery operations are most effective when the oil is in shallow,
clear, sheltered waters, so the oil slick is relatively stationary and restricted in extent (Brown et al.,
1998).

The model results of a recently completed study (S.L. Ross Environmental Research Ltd., 1997),
which was discussed previously, indicate that slicks from bubble plume blowouts in deep water will
be too thin and too wide, even near the source, to consider containment and removal operations. In
those cases where the gas plume from a blowout does not develop, the slicks formed are expected
to be narrower at the source, but more patchy than the bubble plume slicks. These slicks (where a
gas plume does not develop) will also be thin and, as a result, are also not expected to be amenable
to containment and removal operations. Chemical dispersants appear to be the only likely viable
spill-response countermeasure that would be effective under these conditions. Burning may not be
a feasible response option for subsea spills, which are likely to incorporate large percentages of water
through emulsification. It is possible that natural dispersion of these oil slicks would alleviate the
necessity for any response action to be mounted for blowouts in some deepwater locations (S.L. Ross
Environmental Research Ltd., 1997). The MMS is funding a study to provide an in-depth analysis
of oil-spill behavior from subsea blowouts and subsea pipeline releases in deep water. The ability
to determine appropriate spill-response countermeasures to these deepwater events will be enhanced
by the results of this study.

Spill response to an oil release that could occur from deepwater drill rigs/ships and FPSOss in the
Gulf of Mexico is also a concern because of the potentially very large volumes of oil stored on these
facilities. Since information is limited about the chemical and physical properties of future
deepwater crudes, it is difficult to determine which of the available spill-response strategies would
be the best option for these areas. Response to spills in these areas will of necessity vary, dependent
upon the weather and sea conditions present during a spill event. Again, it would be expected that,
for the larger spills in deep water, the simultaneous use of multiple cleanup methods (e.g.,
mechanical cleanup, in situ burning, and dispersant application) would be initiated.

Since the application of dispersants may be the only feasible oil-spill-response option to some
deepwater spills, the availability and suitability of dispersant application in the deepwater
environment is a concern. Spill-response plans submitted for owners/operators of the deepwater
leases generally cite contracts with the following oil-spill removal organizations (OSRO:=s): (1)
Clean Gulf Associates (CGA); (2) Marine Spill Response Corporation (MSRC); and/or (3) National
Response Corporation (NRC). At present, both CGA and MSRC have contracts with Airborne
Support Inc. (ASI) located in Bourg, Louisiana, which has a stockpile of 45,300 gal of the dispersant
Corexit 9527 available for application by two DC-3 and one DC-4 aircraft. The NRC has a verbal
agreement with ASI for assistance (Barker, personal communication, 1999). At a 20:1 application
ratio, the DC-3 holds enough dispersant to spray a slick of approximately 476 bbl of oil and the DC-
4 can spray a 952-bbl slick. At this same 20:1 ratio, the stockpile of dispersant available through
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ASI is sufficient to spray a 22,000-bbl oil spill; however, numerous Asorties@ would be required to
apply this volume of dispersant.

Until response planning standards are determined for the potential sources of very large
deepwater spills, it will not be possible to determine the amount and/or types of dispersants that
should be stockpiled in the Gulf. The total volume of dispersant currently stockpiled along the Gulf
of Mexico coast may not be adequate to respond to a very large spill in deepwater. The April 1998
Final Report of the Preparedness Partnership Project sponsored by the Texas General Land Office
concluded that there was not enough equipment or dispersant stockpiled to respond to that large an
incident (Texas General Land Office, 1998). The MMS has funded a study to inventory Gulf Coast
dispersants and to determine the adequacy of the current stockpiles.

Suggested Mitigation Measures for Further Evaluation

Mitigation Measure: Require operators to have contractual agreements to access all stockpiled
dispersants and delivery systems in the Gulf area.

Anticipated Benefit: Expedite response to deepwater spill incidents. Provide adequate dispersant
response capability in the event of a very large deepwater spill.

Mitigation Measure: Require operators to have contractual agreements and a tracking system
for suitable rigs for emergency assistance in drilling a relief well.
Anticipated Benefit: Expedite response to deepwater spill incidents.

Mitigation Measure: Require operators to maintain an inventory of compatible BOP, riser,
casing, and other critical components in the event of equipment loss as a result of loss of well
control.

Anticipated Benefit: Expedite response to deepwater spill incidents. Expedite drilling of a relief
well.

Mitigation Measure: Commander Stanton, Chief, Response Branch of the U.S. Coast Guard,
District 8 Office, Marine Safety Division, has proposed to the MMS that MMS require that all
operators archive representative samples of their reservoir and flowline oils for subsea completions.

Anticipated Benefit: If an oil slick of unknown origin were to be located in deep water, the
samples taken from the slick could be Afingerprinted@ (chemically characterized) and compared to
the archived samples to provide a mechanism for determining the source of the oil. By knowing the
source of the oil, the facility causing the spill can be shut-in, limiting the size of the spill. By
knowing the responsible party, a more timely and efficient spill response can be launched. The
MMS needs to do additional evaluation to determine the feasibility of this methodology as it relates
to changing oil field characteristics.

Mitigation Measure: Require multiphase detection meters on subsea system flowlines and risers.
Anticipated Benefit: Earlier detection of a leak, enabling the operator to take immediate action
to limit the amount of oil released.

Suggested Research and Information Synthesis

Currently, no databases are maintained on spills from vessels, that is, from a vessel ramming into
an OCS facility, or on collisions between vessels and OCS drilling rigs in transit. Although the
Coast Guard maintains records of all spills occurring in navigable waters, the databases do not
capture information needed to determine which incidents are associated with OCS operations. Such
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information would facilitate assessment and comparison of the potential risk of spills from these two
types of incidents. Such an assessment would support the development of safety initiatives or
mitigation measures that may prevent serious accidents or major oil spills.

Currently, no databases are maintained on spills during transfer of OCS oil to barges, the safety
record of these barges, or the frequency of use of the barges to transfer oil from drilling/well-testing
activities. Such information would facilitate assessment and comparison of the potential impacts
of barging versus flaring in support drilling/well operations. Such information would facilitate
assessment and comparison of the potential impacts of barging versus pipeline transport of OCS
produced oil. Such an assessment would support the development of safety initiatives or mitigation
measures that may prevent serious accidents or major oil spills.

Information on the mechanics and behavior of subsea spills is quite limited. Further research on
the dynamics of a subsea oil release in deep water is needed before the fate of accidental subsea
spills in deep water can be fully evaluated. The MMS, in collaboration with industry, is sponsoring
the development of a three-dimensional model of oil-spill behavior from subsea well blowouts in
deep water. The Offshore Operators Committee=s (OOC=s) Deep Spills Working Group and MMS
are co-funding efforts by Clarkson University to modify the existing 3D trajectory model for
deepwater scenarios. MIT/University of Hawaii will do the laboratory work to support the model=s
development. DeepStar is sponsoring a deepwater field release of crude oil in Norway in the year
2000 with possible participation by the MMS. The release is designed to validate and calibrate
numerical trajectory models. The completion of the model would assist in the development of spill
prevention and response requirements. Additional field studies in the Gulf of Mexico involving the
transport of oil from natural oil seeps in the Gulf of Mexico would help in the development of the
model and would enhance the model=s applicability to modeling Gulf of Mexico subsea spills.

To enhance MMS:=s and industry=s ability to predict the potential environmental consequences
of oil spills in the deepwater areas of the Gulf and to respond to deepwater spills, the development
of the following information and oil spill model enhancements are recommended: (1) development
of a library of the chemical and physical characteristics of deepwater oils; (2) oil spill models that
simulate subsea transport of spilled oil; (3) the capability for models to simulate continuous spill
releases; (4) improved weathering model capability to simulate the chemical and physical changes
that would occur from very large, continuous subsea spills; and (5) enhancement of industry
modeling capabilities through the use of the latest physical oceanographic data developed by MMS
to characterize the trajectory of the spilled oil for greater than 30 days.

In addition, development of a better understanding of the dispersability of deepwater crudes
would support the determination of whether or not the dispersant (Corexit 9527) at present
stockpiled in the Gulf of Mexico is the best choice for dispersing these oils.

Information is limited about the likelihood of spills from deepwater subsea flowlines/risers and
the behavior of these oil spills at depths. Research to improve spill detection equipment would
enable collection of information on these topics.

A risk assessment for FPSO-s should be completed to identify potential hazards to the FPSO, the
potential for structural failure of an FPSO that would result in loss of its storage of oil, the likelihood
of major spills occurring, and the aspects of risk that could be mitigated. Such information would
help in the development of appropriate spill prevention and response protocols. Risk assessment and
environmental analysis on offloading procedures and shuttle-tanker operations are needed to develop
appropriate spill prevention and response protocols related to these operations.

Chemical Spills

Chemical products are used for a number of different purposes during offshore oil and gas
operations (Chapter I1.D.). Of concern is the risk of spills occurring, especially spills of large
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volume, and the potential environmental and human health impacts that could occur due to such
spills. The risk of spills includes (1) the potential for harm to marine life, (2) the threat to local
worker health and safety, and (3) the likelihood to cause air pollution. We are most concerned with
the potential of a very large spill occurring because of (1) the loss of structural integrity of the
offshore facility where all or some of the storage containers rupture, (2) the severance of a large
chemical pipeline system, or (3) a leak at a subsea complex that continues without detection,
potentially impacting nearby sensitive benthos. Because chemicals are either piped or barged to
deepwater facilities, chemical spills could also occur near shore, resulting in risk to the safety or
health of coastal inhabitants as well as environmental damage.

For many years the focus of regulatory agencies, such as the USCG and the International
Maritime Organization (IMO), has been to develop guidelines to prevent and respond to spills of oil.
Recent incidents of chemical spills as well as the passage of the Oil Pollution Act of 1990, which
also sets protocols for the development of response requirements for spills of chemicals, has
mobilized a number of agencies. A number of agencies, including USCG, USEPA, and the IMO,
have or are establishing guidelines to strengthen requirements that provide human and environmental
protection from chemical product spills. The USCG recently proposed rulemaking (Federal
Register, 1999) on tank vessel response plan requirements for hazardous substances. Their proposed
rulemaking has been highly controversial and finalization of the rule is expected to take some time.

In order to assist in the development of effective mitigation and response measures related to
chemical spills, the MMS is collecting additional information on the amounts and kinds of chemicals
used by the oil industry, on the impact of spilled chemicals to the marine environment, and on
effective response protocols for many type of chemical spills. Chemical products used by the
offshore industry may contain hazardous or toxic substances and could generate hazardous wastes.
Many of these chemical products are mixtures of complex compounds, the composition and
concentrations of which are adjusted for different fields and wells. Two of the most commonly used
compounds, used in large quantities, are ethylene glycol and methanol. Some of the active
ingredients are not known because they are considered proprietary commercial information.
Identification of the amounts and types of all components is critical to understanding the behavior
of the fluid if it is spilled and to establish effective cleanup methods. Larger quantities of some
chemical products are expected to be used and stored in support of deepwater operations than is the
case for operations on the shelf. This may indicate a potential for larger volume chemical spills in
deepwater. The exact composition and the physical properties of deepwater chemical compounds,
where and when the mixtures are made, the rate of consumption, the method of disposal of any used
mixture, and where the treating chemicals will ultimately end up are all important issues important
to assessing spill risk and response.

Even if detailed information is available on the chemical composition of products used by the
OCS industry, information on how spills of these chemicals would impact the marine ecosystem is
limited. According to a group of panelists at the 1998 Clean Gulf Conference, there is no
comprehensive index of hazardous chemicals that provides a guide to their potential impact when
spilled in salt water. This concern was reiterated by a special working group assigned to refine a
strategy regarding hazardous substances for the OSPAR Convention for the Protection of the Marine
Environment (HSSR, 1998). This group of experts found that firsthand information on how
hazardous substances affect the sea was remarkably rare. The group also felt that using acute
toxicity (often the only information provided on chemical products) was not enough to determine
whether a substance is hazardous in the sea. The effects of long-term exposure, persistence, and
bioaccumulative potential were essential factors.

There is very little documentation on OCS-related chemical spill occurrences. In the last several
years, a number of spills of chemical compounds have been documented by other agencies or
industry. The MMS currently has no requirement for reporting chemical product spills.
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The MMS is funding two research projects that will provide much needed information. The first
study is a literature review of industry practices and application of a chemical spill risk model. A
risk assessment is included for several worst-case spill scenarios. The literature review will develop
a baseline inventory of the types of chemical products being used by OCS operators, especially those
products used in the deepwater areas of the Gulf of Mexico; give an overview of the usage, transport
mechanisms, and storage protocols for these chemicals; provide an estimate of the typical and
maximum volumes of these chemicals in terms of type of operation, volumes transported, and
volumes stored offshore and at shore bases; assess the potential for a spill, the risk of spill
occurrence, and the severity of impacts relative to spill size; and address human exposure, along with
environmental damage from worse-case spill scenarios. The second study examines the effects of
methanol, ethylene glycol, and dodecyl benzene sulfonate on three species of fish.

Suggested Mitigation Measures for Further Evaluation

Mitigation Measure: Require effective leak detection systems on all subsea chemical flowlines.
Anticipated Benefit: Early leak detection, enabling earliest possible shut-off of the flowline and
spill response.

Mitigation Measure: Ensure compliance with requirements to store separately chemical products
that are highly reactive with each other.
Anticipated Benefit: Reduce the possible effects of accidental chemical spills.

Mitigation Measure: Require operators to specify on the MSDS sheets information on the
reactivity potential of different OCS-related chemical products that will be stored together.

Anticipated Benefit: Increase the likelihood of using the most appropriate spill response for
chemical spill.

Suggested Research and Information Synthesis

Development of the following information would help refine current mitigation measures,
identify additional mitigation measures, and develop appropriate response to chemical spills:

e types and volumes of historic OCS-related chemical spills;
o likelihood of future OCS-related chemical spills;

e short-term and long-term environmental impact of OCS-related chemical spills
on the marine ecosystem,;

o risk to human health and safety from OCS-related chemical spills;
o transport processes and long-term fate of OCS-related chemical spills;

o regulatory authorities over chemical usage, storage, and transport of OCS-related
chemicals; and

o effectiveness of current leak detection systems for chemical flowlines in
umbilicals.
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L. Current Regulatory Framework

The issuance of a lease grants the lessee the right to conduct preliminary activities on the OCS.
Upon meeting appropriate Federal requirements, OCS lessees are legally entitled to explore, develop,
and produce oil and gas contained within their lease area. To retain this right, the lessee must
proceed with Adue diligence,§ which means the lessee must begin exploration and subsequent
activities on its lease within an amount of time set by law, called the lease term. Prior to
commencing exploration or development activities, the operator must submit detailed plans for
MMS review. No activities may occur until approval has been granted by the MMS. Proposed
activities are evaluated through established technical, safety, and environmental review processes.
Upon approval of activities, lessees must comply with all lease stipulations, operational regulations,
permit requirements, mitigation measures, and other applicable Federal laws and regulations.
Operators are ultimately responsible for the safe conduct of operations and pollution prevention.

The MMS has established regulations and operating procedures to ensure that proposed
operations are orderly, safe, and pollution-free, specifically including reducing the risk of oil-spill
occurrence and mitigating impacts should an oil spill occur. The MMS considers the best mitigation
of environmental impacts to be risk management and avoidance of accidental events. The goal of
the established MMS review and approval processes and the MMS inspection program is to
minimize adverse impacts from routine operations and reduce the potential for accidental impacts.
Proposed operations must meet or exceed the safety standards set by MMS. Site-specific and
project-specific mitigation measures can be identified and become requirements at any stage of
review or operations. Regulations for oil, gas, and sulphur lease operations on the OCS are specified
in 30 CFR 250. Regulations for geological and geophysical exploration operations on the OCS are
specified in 30 CFR 251.

Lease Stipulations

The only stipulation currently applicable to deepwater leases is the Military Areas Stipulation.
The stipulation reduces potential impacts by curtailing certain OCS operations and support activities
in areas where military operations are being conducted. Operators are required to notify and
coordinate with appropriate military authorities prior to conducting oil and gas activities in a
designated military warning area.

Postlease Regulatory Framework and Review Processes

The MMS:s established regulatory framework is applicable to, and is considered to be part of,
all deepwater operations considered in this EA. The MMS:=s established review, evaluation, and
decisionmaking processes are applicable to all deepwater operations.

The MMS is responsible for regulating and monitoring the oil and gas operations and activities
on the Federal OCS. The MMS has established operating regulations and procedures to ensure that
proposed activities are orderly, safe, and pollution-free. These regulations include technical and
environmental reviews and evaluations by the MMS to ensure all operations are conducted in a safe
and environmentally sound manner. The focus of the regulations is to reduce the risks associated
with actions conducted in the offshore environment. The lessee or operator has the primary
responsibility for ensuring all operations meet or exceed the MMS:=s regulatory requirements.

The MMS: Operating Regulations, 30 CFR 250, are designed to, A. . . regulate all operations
conducted under a lease, right of use and easement, or right-of-way to promote orderly exploration,
development, and production of mineral resources and to prevent unreasonable harm or damage to,
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or waste of, any natural resource (including any mineral deposits in areas leased or not leased), any
life (including fish and other aquatic life), property, or the marine, coastal, or human environment{l
(30 CFR 250.105). The Operating Regulations provide requirements and guidance on each phase
of offshore operations. The Operating Regulations incorporate by reference numerous industry
practices, methods, codes, and measurements that are accepted as standards in conducting offshore
operations. This allows the integration of the most current practices into the day-to-day work
offshore.

Regulations for prelease geological and geophysical exploration operations on the OCS are
specified in 30 CFR 251. Oil-spill response requirements for OCS facilities are specified in 30 CFR
254. Leasing activities information can be found in 30 CFR 256, 259, and 260. The MMS:=s Notices
to Lessees and Operators (NTL's) are formal documents that provide clarification, description, or
interpretation of OCS regulations or standards. The NTL's provide guidelines on the implementation
of special lease stipulations or regional requirements and provide industry with a better
understanding of the scope and meaning of regulations.

All proposed operations must meet or exceed the safety standards set by MMS. The MMS
requires use of the Best Available and Safest Technology (BAST) for OCS operations, which
includes state-of-the-art drilling technology, production safety systems, completion of oil and gas
wells, oil-spill response plans, pollution-control equipment, and specifications for platform/structure
designs.

Prior to any exploration, development, or production activities being conducted on a lease,
companies must submit plans to the MMS for evaluation and decision. Specific requirements must
be addressed in these plans relative to operating conditions and environmental considerations.
Required supporting environmental information may include an archaeological survey and report,
a biological report, and a geohazards survey and report. If a plan is approved, operators must still
submit applications for specific operations for review and approval prior to commencing operations.

The MMS does a technical and safety review of all proposed structure designs and installation
procedures. To ensure that new structures are designed, fabricated, and installed using standardized
procedures to prevent structural failures, MMS uses third-party (a Certified Verification Agent)
expertise and technical input in the verification process. All surface production facilities, including
separators, treaters, compressors, headers, and flowlines must be designed, installed, and maintained
in a manner that provides for efficiency, safety of operations, and protection of the environment.
Safety systems utilized for drilling, workover, and production operations on the OCS must be
designed, installed, used, maintained, and tested in a manner to ensure the safety and protection of
the human, marine, and coastal environments. All tubing installations open to hydrocarbon-bearing
zones below the surface must be equipped with safety devices that will automatically shut off the
flow from the well in the event of an emergency (unless the well is incapable of flowing).

New and unusual technologies for deepwater activities are evolving rapidly. Most of the MMS:=s
operating regulations were written prior to the rapid increase in deepwater activities, and
advancements in technology typically outpace the regulation revision process. As a result, MMS has
seen and is expecting to see more operator requests for alternative technologies and departures from
the regulations. The uniqueness of deepwater operations and its environment compared to traditional
shelf activities necessitates flexibility in the regulations to permit these development operations to
proceed in deepwater areas of the Gulf. To ensure that MMS continues to meet its mandates for
orderly development, safety, and environmental protection, additional review processes have been
established for proposed deepwater operations and for proposed subsea developments.

NTL 98-8N requires operators to submit, for early technical review by MMS, a Deepwater
Operations Plan (DWOP) for operations in deep water and for all projects using subsea production
technology. The DWOP is intended to address the different functional requirements of production
equipment in deep water, particularly the technological requirements associated with subsea
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production systems, and the complexity of deepwater production facilities. The DWOP provides
MMS with information specific to deepwater equipment issues to demonstrate that a deepwater
project is being developed in an acceptable manner as mandated in the OCS Lands Act, as amended,
and the MMS operating regulations at 30 CFR 250. The MMS reviews deepwater development
activities from a total system perspective, emphasizing operational safety, environmental protection,
and conservation of natural resources. The DWOP process is a phased approach that parallels the
operator=s state of knowledge about how the field will be developed.

For MMS to grant alternative compliance approvals, the operator must demonstrate an equivalent
or improved degree of protection. A departure can be granted when necessary if the operator can
demonstrate that an acceptable level of protection exists. The MMS:=s case-by case technical and
engineering evaluations of departure requests can involve a qualitative risk assessment and a review
of the operations and equipment. Comparative analysis with other approved systems, equipment,
and procedures is another tool that MMS can use to assess the adequacy of protection provided by
the alternative. Actual in-service experience is necessary with alternative compliance measures
before MMS will consider them as proven operational technology. An example of this philosophy
is the evolution from the traditional vertical bore production tree to the horizontal tree currently
being used in deepwater applications.

The MMS evaluates the design, fabrication, installation, and maintenance of pipelines. Proposed
pipeline routes are evaluated for potential geologic hazards and other natural or manmade seafloor
or subsurface features or conditions that could have an adverse impact on the pipeline. Routes are
also evaluated for potential impacts on archaeological resources and biological communities.
Operators are required to periodically inspect pipeline routes, and monthly overflights are conducted
to inspect pipeline routes for leakage.

The MMS:s responsibilities include spill prevention, oil-spill response plans (OSRP=s), oil-spill
containment and cleanup equipment, financial responsibility certification, and civil penalties. The
MMS:s regulations require that all owners and operators of oil handling, storage, or transportation
facilities located seaward of the coastline submit an OSRP for approval before an owner/operator
can use a facility. Owners or operators of offshore pipelines are required to submit a plan for any
pipeline that carries oil, condensate, or gas with condensate; pipelines carrying essentially dry gas
do not require a plan. The Environmental Protection and Response Plan within the OSRP outlines
the availability of spill containment and cleanup equipment and trained personnel. It must ensure
that full-response capability can be deployed during an oil-spill emergency. The plan includes
specification for appropriate equipment and materials, their availability, and the time needed for
deployment. All MMS-approved OSRP's are required to be reviewed and updated every two years.

The MMS:s regulations provide for the collection of information about potential sources of
pollution in order to determine whether projected emissions of air pollutants from a facility may
result in onshore ambient air concentrations above USEPA significance levels and to identify
appropriate emissions controls to prevent accidents and air quality deterioration. Regulated
pollutants include carbon monoxide, suspended particulates, sulphur dioxide, nitrogen oxides, total
hydrocarbons, hydrogen sulfide, and volatile organic compounds (as a precursor to ozone).

All operators on the OCS involved in production of sour hydrocarbons that could result in
atmospheric hydrogen sulfide (H,S) concentrations above 20 ppm are required to file an H,S
contingency plan that includes procedures to ensure the safety of the workers on the production
facility. All operators are required to adhere to National Association of Corrosion Engineers
(NACE) Standard Material Requirement MRO75-97 for Sulfide Stress Cracking Resistant Metallic
Materials for Oilfield Equipment (NACE International, 1997). The American Petroleum Institute
(API) has also developed ARecommended Practices for Oil and Gas Producing and Gas Processing
Plant Operations Involving Hydrogen Sulfidel (API Recommended Practices 55, 2nd Edition,
February 15, 1995). The MMS issued an NTL titled AHydrogen Sulfide (H,S) Requirements@l to
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provide guidance on sensor location, sensor calibration, respirator breathing time, measures for
protection against sulfur dioxide, requirements for classifying an area for the presence of H,S,
requirements for flaring and venting of gas containing H,S, and other issues pertaining to H,S-related
operations.

The MMS has pollution prevention and control regulations (30 CFR 250.300) to ensure lessees
do “. . . not create conditions that will pose an unreasonable risk to public health, life, property,
aquatic life, wildlife, recreation, navigation, commercial fishing, or other uses of the ocean . . .”
during offshore oil and gas operations. Control and removal of pollution is the responsibility and
is at the expense of the lessee. Operators are required to install curbs, gutters, drip pans, and drains
on structures and deck areas in a manner necessary to collect all contaminants and debris not
authorized for discharge. Disposal of any solid waste into the marine environment is prohibited.
Fixed and floating structures, drilling rigs, manned production platforms/structures, and support
vessels operating under a Federal oil and gas lease are required to develop Waste Management Plans
and to post placards reflecting discharge limitations and restrictions. Operational discharges such
as produced water and drilling fluids and cuttings are regulated by USEPA through the NPDES
program; MMS may restrict the rate of drilling fluid discharge or prescribe alternative discharge
methods.

Under MMS operating regulations and lease agreements, all lessees must remove objects and
obstructions upon termination of a lease. Lessees/operators must notify MMS at least 30 days before
a structure removal and provide information that includes the following: complete identification of
the structure; size of the structure (number and size of legs and pilings); removal technique to be
employed (if explosives are to be used and the amount and type of explosive per charge); and the
number and size of well conductors to be removed and the removal technique. Lessees must ensure
all objects related to their activities are removed following termination of their lease. NTL 92-02
established site clearance verification procedures.

The MMS conducts both announced and unannounced onsite inspections of all production
facilities and monthly inspections of all drilling and workover facilities to ensure compliance with
lease terms, NTL's, and approved plans, and to ensure that safety and pollution-prevention
requirements of regulations are met. The focus of these inspections is on the facility=s safety
equipment and on the records the operator maintains that reflect the periodic testing required by the
Operating Regulations. Inspectors may require the activation of some safety equipment on a facility
to ensure it is working properly.

The MMS encourages all operators to participate in the Safety and Environmental Management
Program (SEMP) that is detailed in the American Petroleum Institutes Recommended Practice, API
RP 75. This is a comprehensive environmental and safety program that addresses all facets of oil
and gas operations.

The MMS requires lessees or operators to demonstrate that they have the financial resources to
cover any obligation that may develop from their operations. Certain bonding requirements have
been made on the lessees and operators to ensure any financial obligations could be met, such as
properly abandoning a well and clearing a lease.









MATRIX OF FINDINGS

RESOURCE INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Chemosynthetic N/A Temporary turbidity | Partial or complete Chemosynthetic communities are susceptible to direct
Communities associated with burial from temporary | physical impact from seafloor-disturbing activities and to
anchoring, sea — turbidity associated partial or complete burial by muds and cuttings. Time
surface and seafloor with anchoring, sea- periods as long as hundreds of years may be required to
discharge of drill surface and seafloor reestablish a chemosynthetic. Mitigation: Deepwater
cuttings/mud, discharge of drill wells and discharge points must be at least 1,000 ft away
structure installation | cuttings/mud, from any potential high-density chemosynthetic
and removal, and structure installation | communities. Other disturbing activities such as anchors
pipeline installation. and removal, and must be at least 250 feet away from potential
pipeline installation. | communities.
Crushing or damage
from anchors, Project/site-specific review and mitigation are
mooring lines, appropriate to protect sensitive seafloor resources.
structures, and
pipelines.
Non-Chemosynthetic | N/A Temporary turbidity | Partial or complete Deepwater reefs and hard-bottom areas appear to be

Benthic
Communities

associated with
anchoring, sea-surface
and seafloor
discharge of drill
cuttings/mud,
structure installation
and removal, and
pipeline installation.

burial from temporary
turbidity associated
with anchoring, sea-
surface and seafloor
discharge of drill
cuttings/mud,
structure installation
and removal, and
pipeline installation.
Crushing or damage
from anchors,
mooring lines,
structures, and
pipelines.

limited in deep water. Hard-bottom communities may be
similar to protected pinnacles and topographic features
on the shelf. Most impacts are expected to be similar to
those associated with operations on the continental shelf.
Mitigation: Avoid direct physical disturbance of rare
hard substrate outcrops, which may support such
communities.

Project/site-specific review and mitigation are
appropriate to protect sensitive seafloor resources.
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RESOURCE

INTERFACES AND IMPACTS

Air

Water

Seafloor

FINDINGS

Marine Mammals

Emissions; noise
from helicopter
traffic.

Service vessel
collisions; ingestion
of debris; oil spills;
chemical product
spills; spill response
activities; noise from
service vessels,
structure installation
and operation, and
seismic surveying;
explosive structure
removals; and
temporary turbidity
associated with
seafloor disturbance.

N/A

Deepwater activities are unlikely to have a long-term
adverse effect on the size and productivity of any marine
mammal species and population stock in the northern
Gulf of Mexico. Small numbers of marine mammals
could be killed or injured by chance collision with
service vessels and by eating indigestible debris. Oil
spills can cause chronic (longer-term lethal or sublethal
oil-related impacts) or acute (spill-related deaths
occurring during an event) effects on marine mammals.
Contaminants in discharges could indirectly affect
marine mammals through food-chain biomagnification.
Deaths due to structure removals are not expected
because of existing mitigation measures. The evidence
on whether there are adverse impacts from
anthropogenic noise is inconclusive. Mitigation:
Minimize noise impacts from seismic surveying
operations.

Programmatic EIS’s currently address these issues.
Additional information on noise impacts and potential
mitigation measures will be addressed in the EA on
Geological and Geophysical activities being prepared.
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RESOURCE INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Sea Turtles Emissions; noise | Service vessel N/A Deepwater activities are unlikely to have a long-term
from helicopter collisions; ingestion adverse effect on the size and productivity of any sea
traffic. of debris; oil spills; turtle species and population stock in the northern Gulf
chemical product of Mexico. Small numbers of sea turtles could be killed
spills; spill response or injured by chance collision with service vessels or by
activities; noise from eating indigestible OCS-related debris. There is direct
service vessels, evidence that turtles have been seriously harmed by oil
structure installation spills. Oil spills can cause chronic (longer-term lethal or
and operation, and sublethal oil-related impacts) or acute (spill-related
seismic surveying; deaths occurring during a spill) effects on sea turtles.
explosive structure Contaminants in discharges could indirectly affect sea
removals; and turtles through food-chain biomagnification. Deaths due
temporary turbidity to structure removals are not expected because of
associated with existing mitigation measures. The evidence on whether
seafloor disturbance. there are adverse impacts from anthropogenic noise is
inconclusive. Mitigation: Minimize noise impacts from
seismic surveying operations.
Programmatic EIS’s currently address issues.
Additional information on noise impacts and potential
mitigation measures will be addressed in the EA on
Geological and Geophysical activities being prepared.
Fishing and Fisheries | N/A Temporary turbidity | Space-use conflicts The effects from deepwater activities are expected to be

associated with
anchoring, sea-surface
and seafloor
discharge of drill
cuttings/mud,
structure installation
and removal, offshore
discharge of produced
waters, pipeline
installation, and
surface and seafloor
oil and chemical spills

due to the presence of
offshore structures.
Gear conflicts with
subsea facilities and
other underwater
obstructions.

inconsequential. The resulting influences on fisheries
resources should be indistinguishable from natural
population variations. A limited amount of area will be
unavailable to fishing because of the physical presence
of offshore structure and associated seafloor systems.

Programmatic EIS’s adequately address these issues.

[L-11



RESOURCE INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Air Quality Emissions Emissions from N/A MMS air quality evaluations must continue to occur at

associated with
routine and
support
operations,
structure
installation and
decommissioning,
pipeline
installation, flaring
and burning, and
oil and chemical
spills.

unburned oil and
chemical product
spills.

the flare/burn request stage. Current procedures are
working to identify potentially significant flare/burn
requests. Mitigation: limit flaring; disallow burning of
liquids.

The FWS is concerned that the Class I increments for
SO, may be consumed. Mitigation: Use of low-sulfur
fuel in diesel engines on structures emitting greater than
250 tons of SO, facilities within 100 km of the Breton
National Wilderness Area is recommended.

Glycol still vents are primary point sources of BTEX
emissions in the U.S., and the majority of OCS glycol
still vents are uncontrolled. Potentially substantial
quantities of BTEX are being emitted. The MMS does
not currently have explicit jurisdiction to regulate BTEX
emissions. Voluntary mitigation: Condensers on glycol
still vents to control BTEX emissions.

Reanalysis of 8-hr averaging period data indicates OCS
sources substantially contribute to onshore ozone. These
contributions could be deemed significant in some cases
once the September 2000 redesignation occurs.
Mitigation: Reduce ozone precursors (NOyx and VOC)
via engine-timing retardation for diesel engines, use of
turbines and “clean-burning” engine, and use of
condensers on large-volume glycol still vents.

A surface spill or subsea blowout in deep water could
possibly generate substantial quantities of VOC’s and
corresponding ozone for an extended period of time.

The impact level of deepwater OCS-related H,S is not
expected to be significant. Mitigation: Offshore
“sweetening” of produced sour gas.

Both programmatic EIS’s and project/site-specific
reviews with appropriate mitigation measures are needed
to address these issues.
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RESOURCE INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Archaeological N/A Seafloor oil and Crushing or damage Bottom-disturbing activities may damage or destroy
Resources chemical spills. from anchors, archaeological resources, primarily historic period
mooring lines, shipwrecks. If operators conduct the required high-
pipelines, structures, | resolution seismic surveys prior to initiating activities,
and other seafloor- there is low probability of impact. Impacts from spills
disturbing activities. on historic coastal sites are expected to be temporary and
reversible.
Project/site-specific review and mitigation are
appropriate to protect these resources.

Water Quality N/A Marine waters: Resuspension of Short-term localized degradation of marine water quality
operational sediments from may occur, especially at host facilities. Incremental
discharges, chemical | seafloor-disturbing increases in degradation of coastal water quality may
and oil spills, and activities. Oil and also occur. Deepwater activities are expected to
spills and discharges | chemical spills and incrementally increase support activities and the
from support operational expansion or construction of support bases. Impacts
activities. discharges at the from this type of growth are due to all OCS Program
Coastal waters: seafloor.. activities and are not specific to deepwater activities.
discharges, spills, and Moderate, short-term, water quality degradation may
resuspension of increase at a few support bases that are expected to grow
sediments associated as a result of deepwater activities. Existing onshore and
with support activities waste disposal practices may change.
near shore and
onshore. Programmatic EIS’s adequately address these issues.

Coastal Habitats Emissions Temporary Anchoring, dredging, | Most deepwater-related impacts to coastal habitats are

associated with resuspension of pipeline installation, expected to be largely indistinguishable from those
OCS-related sediments with and other seafloor- generated by OCS Program activities overall. The
helicopters and anchoring, dredging, | disturbing activities. probability of deepwater spills occurring and reaching
service vessels, and installation of coastal habitats is very low. Impacts from oil on coastal
dredging, pipelines; spills and habitats are proportional to the amount of oil reaching
construction leaks of oil and the shore. Therefore, if a very large spill were to result
activities, and chemical products; from deepwater operations or support activities, larger
service base and discharges from amounts of oil could reach the coast and the potential
operations. vessels. impacts could be greater than impacts associated with
historically smaller spills from OCS activities on the
shelf.
Programmatic EIS’s and project/site-specific
reviews/mitigation address these issues.
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RESOURCE INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Socioeconomic N/A N/A N/A Employment for deepwater activities is expected to be
Resources filled primarily by persons already in OCS oil- and gas-

related employment, and unemployed and
underemployed persons living mostly within the coastal
counties/parishes of Texas and Louisiana. Some positive
economic effects should occur in these areas. These
areas will also experience potential impacts from
expansions. Only minor workforce fluctuations are
expected. Social and cultural problems typically
associated with migration are not expected to occur.

Programmatic EIS’s adequately address these issues.
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COMPONENT

INTERFACES AND IMPACTS

Air

Water

Seafloor

FINDINGS

Mooring system

Emissions from
vessels during
installation,
maintenance and
repair, and
decommissioning
operations

Discharges and noise
from vessels during
installation,
maintenance and
repair, and
decommissioning
operations. Space-
use and gear
conflicts with

Some mooring
systems have
components that lie
on the seafloor posing
potential physical
impacts to seafloor
resources.

Impacts are expected to be similar to shelf activities.

The areal extent of mooring lines will increase with
water depth. Impact-factors associated with installation,
maintenance and repair, and decommissioning operations
will be short term and localized. Effects on fisheries are
expected to be inconsequential.

Project/site specific review and mitigation are
appropriate to protect sensitive seafloor resources.

commercial
fisheries.

Anchoring Emissions from Discharges and noise | Physical impacts to Impacts are expected to be similar to shelf activities.
vessels during from vessels during | seafloor resources. Footprint size (i.e., area of seafloor impacted) increases
installation, installation, Penetration and with water depth. Impact-factors associated with
maintenance and movement, and channeling of installation, maintenance and repair, and
repair, and decommissioning. sediments (anchor decommissioning operations will be short term and
decommissioning | Temporary turbidity. | scars). Burial or localized. Effective mitigation measures are in place to
operations destruction of nearby | protect sensitive seafloor resources.

seafloor resources.

Dynamically Emissions Noise N/A Emissions must be evaluated on a project-specific basis.

Positioned

Stationkeeping

Topside Production | Emissions Produced-water N/A Impacts are expected to be similar to shelf activities for

Equipment discharges. comparable production throughput. Deepwater

Accidental chemical
or oil spill.

production rates are expected to be greater than rates on
the continental shelf. Emissions must be evaluated on a
project-specific basis. Discharges must conform to
USEPA NPDES permit requirements. Regulations and
operating procedures are in place to reduce the risk of
spill occurrence and mitigate impacts should a spill
occur.
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COMPONENT

Pipelines

INTERFACES AND IMPACTS

Air

Emissions from
vessels during
installation,
maintenance and
repair, and
decommissioning
operations.

Water

Discharges and noise
from vessels during
installation, repair,
movement, and
decommissioning.
Temporary turbidity.

Seafloor

Physical impacts to
seafloor resources.
Penetration and
channeling of
sediments (anchor
scars). Burial or
destruction of nearby
seafloor resources.
Accidental oil
leak/spill.

FINDINGS

Impacts are expected to be similar to shelf activities.
Emissions must be evaluated on a project-specific basis.
Footprint size (i.e., area of seafloor impacted) increases
with water depth. Impact-factors associated with
installation, maintenance and repair, and
decommissioning operations will be short term and
localized. Effective mitigation measures (avoidance) are
in place to protect sensitive seafloor resources.
Monitoring and maintenance reduce the risk and
potential size of leak or spill. Regulations and operating
procedures are in place to reduce the risk of spill
occurrence and mitigate impacts should a spill occur.

Support Services

Emissions from
helicopters and
service vessels
during installation,
routine transit, and
decommissioning
operations. Noise
from service
vessels and
helicopters during
transit.

Discharges and noise
from service vessels.
Vessel collisions.

Physical impacts to
seafloor resources and
penetration and
channeling of
sediments (anchor
scars) from vessel and
buoy anchors.

Larger support vessels are expected. Emissions must be
evaluated on a project-specific basis. Discharges must
conform to USEPA NPDES permit requirements.
Project/site-specific review and mitigation are
appropriate to protect sensitive seafloor resources.

Seismic Survey
Operations

Emissions from
survey vessels.

Pressure and sound
waves in water
column

Physical impacts to
seafloor resources and
penetration and
channeling of
sediments (anchor
scars) from ocean-
bottom cables or
anchoring of vertical
cables

Impacts are expected to be similar to shelf operations. .
Emissions must be evaluated on a project-specific basis.
An Environmental Assessment on geological and
geophysical exploration activities, including seismic
surveying, is being prepared.
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COMPONENT INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Drilling Activities Emissions from Discharge of water- | Burial of nearby Impacts are expected to be similar to shelf operations
drilling rig, based muds/cuttings, | seafloor resources with some exceptions:
equipment, and formation water. | from seafloor - Impacts from SBF (see below)
support aircraft Discharge of cuttings | discharge of pre-riser | -  Increased risk of incidents because of shallow water
and vessels, and wetted with and riserless drilling flows and hydrate formation; these factors pose
dynamic synthetic-based operations. Lower engineering and operational constraints and require
positioning drilling (SBF) fluids. | available oxygen response planning
operations. Temporary turbidity | levels because of - Dynamic positioning (see above).
from seafloor degradation of SBF. - Riserless drilling discharges; effective mitigation
discharge during measures (avoidance) are in place to protect
pre-riser and sensitive seafloor resources
riserless drilling.
Extended Well Test | Emissions from Produced-water Physical impacts on Air quality impacts to Class I area (consumption of
and Well Cleanup operations, discharges. seafloor resources Breton air increments); MMS air quality evaluations
Operations venting, and Accidental chemical | from anchoring of must continue to occur at the flare/burn request stage.
flaring. Emissions | or oil spill. rigs and support Mitigation: limit flaring; disallow burning of liquids.
from storage and vessels.
transport of Effective mitigation measures are in place to protect
hydrocarbons. sensitive seafloor resources. Discharges must conform
Toxic emissions to USEPA NPDES permit requirements.
Programmatic EIS’s and project/site-specific
reviews/mitigation address these issues.
Potential hydrocarbon resource conservation issues.
Decommissioning Emissions from If explosives are Disruption of benthos | Pressure waves from explosive removals could injure or
Operations support vessels. used: pressure at operational sites kill sea turtles, marine mammals, fish, and other biota.

waves and temporary
resuspension of
sediments

(e.g., wells, anchors,
and pipelines)

Emissions must be evaluated on a project-specific basis
In-place abandonment of some components may be
sought by operators. Partial removals involve
regulatory, fisheries, and defense issues.
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COMPONENT

FINDINGS

Transport of
produced oil by
surface vessel

INTERFACES AND IMPACTS
Air Water Seafloor
Emissions from Discharges from N/A
storage tanks, tanker or barge/tug.

offloading
operations, and
vessel during
transit

Accidental oil spill.

A very limited amount of liquid hydrocarbon is already
being barged from OCS operations on the shelf.
Lightering of imported oil from supertankers occurs
routinely in the Gulf. Discharges must conform to
USEPA NPDES permit requirements.

Lightering and surface transport of OCS-produced oil
would be new to the Gulf. A large spill near shore could
have major impacts to the environment. An
Environmental Impact Statement to evaluate the
potential environmental effects of tankering associated
with the possible use of FPSO systems in the deep waters
of the Gulf of Mexico is being prepared.

Host Facilities

Emissions
associated with
routine and

Additional
discharges to the sea,
temporary

Some additional sea-
bottom disturbance, if
facilities are added or

Additional throughput and processing of hydrocarbons
may result in an increase and concentration of emissions
and discharges at the host facility. Emissions must be

support resuspension of expanded; and new evaluated on a project-specific basis. Discharges must
operations, sediments with new | pipeline and umbilical | conform to USEPA NPDES permit requirements.
structure pipelines and routes
installation and umbilicals, and Project/site-specific review and mitigation are
decommissioning, | spills/leaks appropriate to address potential impacts from proposed
pipeline host/hub facilities.
installation, flaring
and burning, and
oil and chemical
spills.

Ordnance Disposal N/A N/A Unexploded ordnance | Disturbance may cause ordnance to exploded. Review

Areas

may be on or
embedded in the sea
bottom.

of all bottom-disturbing activities must include an
evaluation for the presence of the unexploded ordnance.
The presence of ordnance may be determined by high-
resolution and side-scan sonar data.

Oil Spills

Emissions from
evaporation of
volatile fractions

Toxic effects from
soluble fractions.

Subsea releases may
have toxic effect on
sensitive bottom
communities.

Potentially larger spills, different crude oil properties,
and different fate and effects.

Regulations and operating procedures are in place to
reduce the risk of spill occurrence and mitigate impacts
should a spill occur.

Programmatic EIS’s and project/site-specific
reviews/mitigation address these issues.
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COMPONENT INTERFACES AND IMPACTS FINDINGS
Air Water Seafloor
Chemical Spills Emissions from Potentially toxic, Dense, insoluble Increased use of chemicals (both types and volumes) is
evaporation soluble chemicals mix | chemicals sink to the | expected for development of deepwater prospects.
into the water column. | seafloor and may Regulations and operating procedures are in place to
toxic effects on reduce the risk of spill occurrence and mitigate impacts
sensitive seafloor should a spill occur.
communities.
Limited information is available about the types,
amounts, and potential impacts of chemicals being used
in deepwater operations. The MMS has funded a study
to acquire and assess this information. The study will
support the development of additional measures to
decrease spill risk and the identification of additional
chemical spill response procedures
Synthetic-Based N/A Discharge of drill Partial or complete Potential effects of SBF in the marine environment are

Drilling Fluids
(SBF)

cuttings coated with
SBF.

burial of sensitive
seafloor communities.
Localized hypoxic or
anoxic conditions in
surficial sediments as
SBF decompose.

not well characterized. An interim mitigation measure
(avoidance) is in place to reduce potential effects.

The USEPA has published a proposed rule on effluent
limitations for SBF and other non-aqueous drilling
fluids. An industry/government monitoring program is
underway to evaluate potential impacts from SBF.

Floating Production,
Storage, and
Offloading Systems

Emissions from
production,
storage,
offloading, and
transport
operations; and
spills

Discharges to the sea
of produced waters,
temporary
resuspension of
sediments from
anchoring, and spills

Impacts to biota from
bottom-disturbing
activities, if the FPSO
is anchored.

An Environmental Impact Statement to evaluate the
potential environmental effects of FPSO systems in the
deep waters of the Gulf of Mexico is being prepared.
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III. DESCRIPTION OF THE DEEPWATER
ENVIRONMENT

Chapter III contains the description of the existing physical and operational environment that
may impact deepwater operations and activities or that influences how and where potential
impacts from those operations and activities may occur. Description of the environmental and
socioeconomic resources analyzed are included within the analyses themselves.

A. Physiography of the Gulf of Mexico

The Gulf of Mexico is a semi-enclosed, subtropical sea with an area of approximately 1.6
million km?. The main physiographic regions of the Gulf basin are the continental shelf
(including the U.S., Mexican, and Campeche shelves), continental slope and associated canyons,
continental rise, abyssal plains, and the Florida and Yucatan Straits (Figure III-1). Operations in
the deepwater OCS are currently confined to the continental slope.

The continental shelf width along the U.S. coastline ranges from 350 km offshore west
Florida to 16 km off the Mississippi River, with intermediate width of about 150 km at
Galveston, Texas. The shelf is characterized by a gentle slope of less than one degree.

The continental slope is that part of the seafloor that extends basinward from the shelf edge at
approximately 200 m water depth to an abrupt change in the bathymetric gradient at
approximately 2,000 m. In the northwestern Gulf of Mexico, the seaward margin of the
continental slope is characterized by the Sigsbee Escarpment in approximately 3,000 m water
depth. The continental slope of the central and western Gulf covers an area of more than
120,000 km? of hummocky topography broken by canyons, troughs, and escarpments. In the
eastern Gulf, the seaward margin of the continental slope is marked by the Florida Escarpment in
approximately 2,000-3,000 m water depth. The eastern Gulf slope area, for the most part, is
characterized by the partially exposed Cretaceous Reef feature between 250 and 2,000 m water
depth. The slope attains its maximum width of 240 km off the west Louisiana shelf.
Bathymetric profiles of the slope region suggest a “step-like” overall shape with a moderate
(slope) gradient in the upper and lower parts, and a “plateau-like” gentle gradient in the middle
part of the slope. The overall gradient of the slope is 3-6 degrees. Slopes may exceed 20
degrees in some places, particularly along escarpments.

The continental rise is the apron of sediments accumulated at the base of the slope and
extending out onto the abyssal plain. The gentle incline of the rise is less than one degree. The
flat region of the floor of the Gulf is the abyssal plain. The depth of the central abyss is more
than 3,600 m.

B. General Geology of the Continental Slope of the Northern Gulf
of Mexico

The continental slope in the northern Gulf of Mexico may be subdivided into four subregions
based on geological structure styles (Figure III-1): (1) Western Slope, off Texas, characterized
by sedimentary sections that are extensively folded and subjected to thrust faulting in Perdido
Foldbelt area; (2) Upper Central Slope, off east Texas and west Louisiana, characterized by
broad, closely spaced and steeply flanked salt domes and ridge-like diapiric uplifts; (3)
Mississippi Slope, off east Louisiana, similar to Western Slope in its regional structural style of
folding and associated thrust faulting in Mississippi Fan Foldbelt area; and (4) Lower Slope
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subregion, containing salt structures that are ridges, pillow-like swells, and tongues relatively
near the mudline; sedimentary sections above salt features are thin and generally lack major
growth faulting.

The sedimentary deposits consisting of mostly shale, silt, and sands are underlain in most
areas by the Louann Salt, considered the source of the salt intrusions. The section thickness
above the salt varies from a thin veneer of a few thousand feet covering salt ridges and tongues
in the lower slope subregion to more than 30,000-ft sediment accumulations in the basins and
troughs in the upper slope areas (Figure I1I-2). The closed topographic depressions surrounded
by local diapiric highs are known as intra-slope basins. The inter-domal basins, troughs, and
submarine canyons are filled with clastic (sand, silt, and clay) deposits. The growth faulting, a
major structural phenomenon, is common only in sedimentary sections of upper slope basins.
The ages of sediments beneath the continental slope range from Middle Jurassic through
Holocene, of which the Plio-Pleistocene section is by far the thickest and most prospective.
Most intra-slope basins in the lower slope subregion are filled with mainly Pleistocene age
sediments.

C. Hydrocarbon Potential

The Gulf of Mexico OCS is considered a hydrocarbon-prone basin that has production from
Pleistocene, Pliocene, Miocene, Oligocene, Lower Cretaceous, and Upper Jurassic age sediments
found in more than 2,000 discovered hydrocarbon accumulations called pools. The vast majority
of these pools are located on the shelf (< 200 m water depth), which is considered a mature
producing area. A group of known and/or postulated pools that share common geologic,
geographic, and temporal properties, such as history of hydrocarbon generation, migration,
reservoir development, and entrapment, are commonly referred to as a play. The largely
unexplored deepwater area lends itself to the extension of known shelf plays and to the
exploration of unknown wildcat plays. Examples of future deepwater exploration targets in the
next 10 years will be the Mississippi Fan Foldbelt, Sigsbee Escarpment, and the Perdido
Foldbelt. These plays are in ultradeep water and will require specialized drilling equipment and
technological breakthroughs to make them economically viable.

The MMS periodically estimates the hydrocarbon resources of the OCS for regulatory and
leasing strategy. Resources, by definition, include all naturally occurring liquids and gaseous
hydrocarbons that can conceivably be discovered and recovered. The term encompasses both
discovered and undiscovered hydrocarbons. When resource potential is discussed, the term
undiscovered conventionally recoverable resources (UCRR’s) is often applied. The UCRR’s are
hydrocarbons in undiscovered accumulations analogous to those in existing fields producible
with current recovery technology and efficiency, but without consideration of economic
viability. These accumulations are of sufficient size and quality to be amenable to conventional
primary and secondary recovery techniques. These resources are primarily outside known field
limits and are “risked” to determine the estimate. In 1995, the MMS estimated the risked mean
of the UCRR of the Gulf’s deep water to be approximately 13 billion barrels of oil equivalent
(BBOE).

Hydrocarbon reserves in deepwater fields can be designated as proved or unproved. The
MMS defines proved reserves as those quantities of hydrocarbons that can be estimated with
reasonable certainty to be commercially recoverable from known reservoirs and under current
economic conditions, operating methods, and government regulations. Proved reserves must
have either facilities operational at the time of the estimate to process and transport those
reserves to market, or a commitment or reasonable expectation to install such facilities in the
future. Unproved reserves are those quantities of hydrocarbons that can be estimated with some
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certainty to be potentially recoverable from known reservoirs, assuming future economic
conditions and technological developments. As of the end of 1996, the remaining proved
reserves in the deepwater Gulf were 2.196 BBOE with unproved reserves estimated at 1.374
BBOE by MMS.

D. Geologic Hazards

In the search for and subsequent development and production of hydrocarbons, operators
encounter certain problems associated with geologic hazards. Geologic hazards are defined as
naturally occurring conditions that might impede or present a risk to exploration, development,
or production operations. Many hazards are found throughout the Gulf of Mexico; others are
confined to specific areas. High-resolution geophysical surveys provide information and data
needed to analyze potential geologic hazards that pose engineering and operational constraints to
exploration and development activities. These hazards can usually be effectively mitigated by
existing technology, design, and procedures. In most cases, avoidance is the chosen option, but
mitigation is an effective and economic alternative in certain cases.

Most geologic hazards that could affect drilling operations can be circumvented with a
properly designed and diligently executed drilling program based on information from
geophyswal surveys and the drilling information from nearby wellbores. A common drilling
hazard in the Gulf is geopressure. A pressure/depth gradient of 0.43 psi/ft is considered normal
during drilling. However, when a seal occurs in a confined section and inhibits dewatering of the
sediments, abnormally high pressure, called geopressure, can develop. Pressure gradients can
approach 1.0 psi/ft.

Some deepwater wells have encountered shallow, slightly overpressured water-bearing sand
layers, called water sands. These sands appear to be widely scattered across the deepwater areas
of the Gulf of Mexico. The water sands are generally in the upper portions of the geologic
section, but may lie several thousand feet below the mudline. On deepwater drilling projects,
operators have extended the portion of the well normally drilled “riserless” to a depth of
approximately 2,000 ft below the mudline. Problems have occurred after sweeps to clean
cuttings from the borehole have reduced hydrostatic forces and allowed the water from the water
sands to flow into the well. The water flow may destabilize the well, washing out the sediments
around the drill site. The consequences of a shallow-water flow may range from drilling delays
to loss of the well site.

The International Association of Drilling Contractors (IADC) has devoted a 42-page section
to shallow-water flow control in its well planning chapter of the Deepwater Well Control
Guidelines (IADC/OOC, 1998). This section of the guidelines addresses geophysical prediction,
drilling techniques, pore pressure and fracture gradient predictions, cementing techniques, and
mechanical shutoff devices to help contend with shallow-water flows.

The MMS believes that detection and avoidance of the potential overpressured shallow-water
zones remains the best mitigation to minimize risks for a drill site. The MMS web site
www.gomr.mms.gov/homepg/offshore/safety/wtrflow.html depicts shallow-water flow incidents.

Suggested Research and Information Synthesis: The ability to predict and avoid areas of
potential shallow-water flow may require development of regional information and specialized
maps to display known and suspected overpressured water sand zones. The maps should be
based on geologic and geophysical data from all sources. Sharing of information would save
millions of dollars in data collection and would help in avoiding potential future drilling
problems.
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Gaseous sediments, hydrocarbon seeps, and vents may indicate areas of potential geologic
hazards. Gaseous sediments may result from decomposition of organic matter or may be gas
from a deeper reservoir that has migrated into surficial sediments along faults. Gaseous
sediments may have lower shear strength and less load-bearing capacity than nongaseous
sediments, so the stability of bottom-founded structures may be of concern. Seeps and vents
may indicate near-surface faulting. Hard substrates, called hardpans, are often associated with
hydrocarbon seeps. They are solid carbonate strata formed at the mudline by anaerobic
organisms. Hardpans have greater density than the unconsolidated sediments, which can affect
the drilling program and the anchoring or mooring of drill rigs or production
platforms/structures. Chemosynthetic communities are associated with seeps. Chemosynthetic
communities are protected resources, and OCS operations are required to avoid impacting them.

The topography of the seafloor in the deepwater areas of the Gulf has both local and regional
dip that makes the occurrence of landslides a threat. Unconsolidated surficial sediments are
water saturated and susceptible to mass movement, which can be triggered by earthquakes, storm
surges, faulting, sediment loading, dissociation of hydrates, or dewatering processes. This mass
movement of sediment can be a local event or cover a large area. The slope of the seafloor
controls the direction and speed of the slides. There is an increased risk of sediment failure near
steep slopes and scarps, especially along the Sigsbee Escarpment. Although the actual loss of
operational equipment (drill string, conductor casing, drilling rig, production platform/structure,
riser, subsea production tree, or pipeline) to a landslide is a rare occurrence, the hazard is real.
The risk associated with mass movement can be reduced through careful design, siting, and
structural engineering.

The topography of the continental slope is very uneven. Mud volcanoes, mud mounds and
ridges, salt diapir formations, channels and canyons, escarpments, and consolidated lumps of
biogenic calcium carbonate are found throughout the area. Uneven seafloor topography presents
challenges to mooring, structure siting, and pipeline routing and emplacement.

Shallowly buried channels or new channel fill may also pose a hazard to deepwater
operations. Possible contrasts in load-bearing capacity of the seafloor may exist over short
vertical and horizontal distances.

A phenomenon called gas hydrates is also found in the deepwater areas of the Gulf of
Mexico. Gas hydrates are natural, solid methane-water ice matrices that form under conditions
of high pressure and low temperatures in water depths greater than 300 m. Chemosynthetic
community “ice worms” have been found associated with hydrates exposed at the seafloor.
Hazards arise from the fact that hydrates are only quasi-stable. The dissociation of hydrates can
be gradual or instantaneous. Drilling into the gas hydrates can result in problems in well control
and the release of methane into the wellbore and/or water column. Hydrates can also cause
sediment instability. Physical disturbances can cause the hydrates to dissociate, which may
result in seafloor collapse or subsidence.

In deep water, as in other areas of the Gulf, there is a risk of encountering sour gas or liquids
that contain sulfur, hydrogen sulfide (H,S), and/or carbon dioxide (CO,). These substances
create problems in drilling, production, and processing the hydrocarbons due to their toxicity and
corrosive nature. Specialized equipment must be used in the detection, treatment, and/or
separation of the hydrogen sulfide, carbon dioxide, and sulfur from the production stream.
Based on the amount of H,S, CO», and sulfur, and the field’s volume, another cost variable must
be considered in determining the economic feasibility of extracting the hydrocarbons.
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E. Physical Oceanography

The Gulf is unique among the world’s mediterranean seas, having two entrances: the
Yucatan Strait and the Straits of Florida (Figure III-1). Both straits restrain communication from
the deep Atlantic waters because of the limited sill depths--1,600 m and 1,000 m, respectlvely
The water volume of the Gulf, assuming a mean water depth of 2 km, is 2 m11110n km®. The
water volume over the continental shelf, assuming a mean water depth of 50 m, is just over 1
percent of the total volume. A portion of the Gulf Stream system, the parent Loop Current,
whose presence and influence are described below, is present in the Gulf. The amount of
freshwater input to the Gulf basin from precipitation and a large number of rivers--dominated by
the Mississippi and Atchafalaya Rivers--is enough to influence the hydrography of most of its
northern shelves.

Sea-surface temperature is nearly isothermal (about 30° C) in August, but sharp north-south
horizontal gradients are present in January, ranging from 25° C in the Loop core down to 14-15°
C along the shallow northern coastal estuaries. August temperatures at 150 m depth show a
warm Loop Current and an anticyclonic feature in the Western Gulf (both about 18-19° C)
grading horizontally into surrounding waters (the Gulf Common Water, see below) at 15-16° C.
The winter temperature pattern is similar, but about 1° colder. At 1,000 m water depth, the
temperature remains close to 4.9° C year-round.

Surface salinities along the northern Gulf display seasonal variations because of the cycles of
freshwater input from local precipitation and rivers. During months of low freshwater input
(fall-winter months), deep Gulf water penetrates into the shelf, and salinities near the coastline
range between 29 and 32 practical salinity units (psu). High, freshwater-input conditions
(spring-summer months) are characterized by strong horizontal gradients and inner-shelf salinity
values of less than 20 psu.

Table III-1 shows the characteristic seven major watermasses identified in the Gulf, down to
about 1,000 m. This profile arrangement illustrates the influence of the Atlantic Ocean in the
Gulf hydrography and reflects the changes in source water characteristics brought about by the
local climatology and hydrology. The main result is the creation of the Gulf Common Water,
confined to the surface layer through most of the Gulf basin. Intimately related with the vertical
distribution of temperature is the seasonal thermocline, defined as the depth at which the
temperature gradient is at maximum. During January, the thermocline depth is about 30-61 m in
the Eastern Gulf and 91-107 m in the Central and Western Gulf. In May, the thermocline depth
is about 46 m throughout the entire Gulf (Robinson, 1973).

Sharp discontinuities of temperature and/or salinity at the sea surface, such as the Loop
Current front or fronts associated with eddies or river plumes, are dynamic features that may act
to concentrate buoyant material (i.e., oil, detritus, or plankton). Motion of such materials here is
principally along the front because the water moves sideways (along the front) faster than it
pushes in and out (perpendicular to the front). In addition to open ocean fronts, a coastal front,
which separates turbid, lower salinity water from the open-shelf regime, is probably a permanent
feature of the northern Gulf shelf, with a width that varies between a few km and 100 km. The
Loop Current, a highly variable current feature, enters the Gulf through the Yucatan Strait and
exits through the Straits of Florida (as the Gulf Stream) after tracing a clockwise (anticyclonic)
arc that may intrude as far north as the Mississippi-Alabama shelf. The Loop consists of
ascending and descending 25- to 50-km wide bands of rapidly moving water enclosing a
relatively quiescent inner region, and the entire feature may be clearly seen in hydrographic
sections down to 800-1,000 m. Below that depth, there is eV1dence of a countercurrent. The
volumetric flux of the Loop has been estimated at 30 million m*/sec. Velocities up to 300
cm/sec have been measured, but a range of 100-200 cm/sec is probably representative.
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The “location” of the Loop Current is definable only in statistical terms, due to its great
variability. Figure III-3 shows the relative existence probabilities for Loop Current water, based
on an analysis of 10 years of satellite images (SAIC, 1989). Values range from a 100-percent
core location at 25° N, down to small probabilities (10%) near midshelf.

Table II1-1

Watermass Characteristics in the Gulf of Mexico

Parameter Value
Associated with Depth
Watermass Characteristic the Characteristic Range (m) Remarks
Gulf (Common) Salinity maximum 34.6-36.5 psu 0-250 Gulfwide
Water
Subtropical Salinity maximum <36.8 psu 100-300 Permanent in Eastern Gulf;
Underwater (SUW) occasionally found in the
Western Gulf in Loop
Current eddies
18° Sargasso Oxygen maximum Small and 200-400 Permanent in Eastern Gulf;
Seawater variable hinted at in a “‘shoulder’ in
(18°SSW) the oxygen-vs-depth curve
Tropical Atlantic ~ Oxygen minimum 2.5-2.9 ml/l 250-400 Gulfwide
Central Water
(TACW)
Antarctic Nitrate maximum 29-35 ug-at/l 500-700 Gulfwide
Intermediate Water
(AIW)
AIW Phosphate maximum 1.7-2.5 ug-at/l 600-800 Gulfwide
AIW Salinity minimum 34.88-34.89 psu  700-800 Gulfwide

Periodically (but not “regularly”), the Loop Current extends far to the north and pinches off
most of its mass in the form of an anticyclonic “warm core eddy” or “Loop Current eddy”
(referred to below simply as an “eddy”). Recent analysis of frontal-position data indicates that
the eddy-shedding period varies between 6 and 18 months with an average of about one year.
Eddies have diameters on the order of 300-400 km and may clearly be seen in hydrographic data
to a depth of about 1,000 m. Surface velocities within the eddies have been reported from 50 to
200 cm/sec, decreasing logarithmically to negligible velocities by a depth of 800-1,000 m.
Eddies move into the Western Gulf along various paths to a region between 25° and 28° N. and
93° and 96° W., at speeds ranging from 2 to 5 km/day, decreasing in size as they mix with
resident waters. The life of an individual eddy to its eventual disappearance into the regional
circulation pattern in the Western Gulf is about one year.
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Eddy-shedding from the Loop Current is the principal mechanism coupling the circulation
patterns of the eastern and western parts of the basin. The heat and salt budgets of the Gulf are
dependent on this importation, balanced by seasonal cooling and river input, and probably also
by internal, deeper currents that are poorly understood. These currents may be evident in
intriguing hints of abyssal bottom scour and the reversed currents beneath the Loop itself. The
eddies are frequently observed to affect local current patterns along the Louisiana-Texas slope,
hydrographic properties, and possibly the biota of fixed platforms or hard bottoms. There is
some evidence that these large reservoirs of warm water play a role in strengthening tropical
cyclones when their paths coincide.

When eddies enter the area of deepwater oil and gas activity, they can have a very disruptive
impact. Depending on the size and strength of the eddy, certain operations may have to be
suspended because the associated currents do not allow specific types of marine engineering
work. All offshore structures, however, are designed to withstand both maximum eddy currents
and hurricane currents simultaneously, in the rare event that both might occur simultaneously.

Smaller anticyclonic eddies have been observed to be present in the northern Gulf,
sometimes clearly generated by the Loop Current, although it is not known if they are merely a
scaled-down version of larger Loop Current eddies. They have diameters on the order of 100
km, but the data available indicate a shallow hydrographic signature (on the order of 200 m) and
very low velocities (on the order of 10 cm/sec). Their observed movements indicate a tendency
to translate westward along the Louisiana-Texas slope, but they appear not to exist longer than
about one month. Cold-core, anticlockwise-turning (cyclonic) eddies also occur on the slope
throughout the northern Gulf, usually deeply imbedded in the water column. They typically are
invisible to satellite sensors but are apparent from the cyclonic circulation pattern above them (at
surface speeds of about 50 cm/sec) and from occasional hydrographic measures fortuitously
taken across them. Cyclonic eddies seem to be able to exist for over a month. Limited
information is available about their formation mechanisms or about possible interactions
between them and both types of warm eddies.

Completely unstudied, but of great interest to the oil and gas industry, is the phenomenon of
short-lived, intense current “jets” at mid-depths along the Louisiana-Texas slope. Typically,
these predominantly eastward jets exist for hours to a few days and do not appear to be direct
products of known Loop Current eddies. Because their speeds are on the order of 50 cm/sec
(about 1 kn), they can have serious negative impacts on offshore operations (but not structural
integrity per se) through delays in scheduling and through damage to some ancillary equipment.
Academically interesting bottom-boundary-layer effects, caused by the interaction of east-west
bottom currents with sloping topography, result in slight uphill-downhill shifts of benthic
watermasses, but with associated current speeds that are far too low to affect operations or
structural integrity.

Aside from the wind-driven surface layer, current regimes on the outer shelf and slope are the
result of balance between the influence of open Gulf circulation features, such as the Loop
Current and various types of eddies, and the shelf circulation proper, which is dominated by
long-term wind forcing. A notable east-northeasterly current often present along the Louisiana-
Texas slope has been explained partly by the effects of the remnants of anticyclonic eddies and
the seasonally modulated cyclonic (anticlockwise) gyre circulation on the Louisiana-Texas shelf.
The inshore limb of the gyre is the west-southwestward (downcoast) coastal current that prevails
except in July-August. Because the coast is concave, convergence of coastal currents occurs at a
location where the winds are normal to the shore, often in the vicinity of Padre Island. This
return flow crosses the shelf and feeds a prevailing current toward the east-northeast along the
shelf edge/slope. The coastal convergence at the western end of the gyre migrates seasonally
with the direction of the prevailing wind, ranging from a point south of the Rio Grande in the fall
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to the Cameron, Louisiana, area by July. The gyre is normally absent in July but reappears in
August-September when a downcoast wind component develops (Cochrane and Kelly, 1986).

Extreme surface currents and waves are caused by hurricanes and winter storms
(extratropical anticyclones). Typically, during the approach and presence of a hurricane (on the
order of 10-100 hours) current velocities at the surface, driven by intense winds, may approach
150 cm/sec. After the passage of the storm, intense “ringing” or rhythmic pulsmg remains
within the region, due to the inertial response of the shelf and slope watermass to the huge
momentum impulse from the storm. The resulting “inertial currents” have speeds of up to 50
cm/sec, cycling clockwise for 3-5 days as they die out. Approximately 10 winter storms occur
each year, with similar but reduced impacts.

Primarily on the basis of the results of the Gulf of Mexico Storm Hindcast of Oceanic
Extremes (GUMSHOE) Study (Ward et al., 1979), the American Petroleum Institute has
published (API, 1993) the best current estimate of the “100-year” wave height relation with
depth. The GUMSHOE Study included the complete hindcasting of approximately 24 of the
Gulf’s worst historical hurricanes, and the API result is considered authoritative. From that
work, the maximum wave at 100 m (and deeper) would be approximately 21 m; 100-year waves
at lesser depths decrease accordingly. These data have been taken into account in overall API
design criteria and in MMS’s Notices to Lessees regarding offshore design criteria.

F. Air Quality and Meteorological Conditions

Operations west of 87.5° W. longitude fall under MMS jurisdiction for enforcement of the
Clean Air Act; operations to the east are subject to USEPA air quality regulations. The air over
the OCS water is not classified, but is presumed to be better than the National Ambient Air
Quality Standards (NAAQS) for all criteria pollutants. Gulf coastal counties and parishes
currently contain areas both attaining and not attaining the NAAQS for ozone; the NAAQS for
the remaining criteria pollutants are met in all of the coastal areas (Figure I1I-4). The Breton
National Wilderness Area (Figure I1I-5), south of Mississippi and northeast of the Mississippi
Delta, is a Prevention of Significant Deterioration (PSD) Class I Area. Class I Areas are
afforded the greatest degree of air quality protection. Very little deterioration of air quality is
allowed in these areas. One of the purposes of the PSD program is to preserve, protect, and
enhance the air quality in these designated areas.

Meteorological conditions may confine, disperse, or distribute air pollutants. Assessments of
air quality depend on multiple variables such as the quantity of emissions, dispersion rates,
distances between sources and receptors, and local meteorology. The primary meteorological
influences upon air quality and the dispersion of emissions are the wind speed and direction, the
atmospheric stability class, and the mixing height. Due to the variable nature of these
independent yet interrelated factors, pollutant plume transport and ambient air quality are ever-
changing dynamic processes.

The general wind flow in the deepwater Gulf of Mexico is driven by the clockwise
circulation around the Bermuda High, resulting in a prevailing southeasterly to southerly flow.
Superimposed upon this circulation are smaller scale effects such as the sea breeze effects,
tropical cyclones, and mid-latitude frontal systems. Because of the various factors, the winds do
blow from all directions in the deepwater areas.

A common method of describing atmospheric stability is with the Pascal-Gifford
classification. Not all of the Pascal-Gifford stability classes are observed offshore in the Gulf of
Mexico. For the most part, the stability of the air mass over the Gulf is slightly unstable to
neutral. The extreme ends of the scale are markedly rare. The extremely stable condition,
Stability Class F, usually develops at night over land with rapid radiative cooling. The large
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body of water of the Gulf is simply incapable of losing enough heat overnight to set up a strong
radiative inversion. The extremely unstable condition, Stability Class A, usually requlres a very
rapid warming of the lower layer of the atmosphere along with cold air aloft. This is normally
brought about when cold air is advected aloft and strong insolation rapidly warms the earth’s
surface, which, in turn, warms the lowest layer of the atmosphere. Once again, the ocean surface
is incapable of warming rapidly; therefore, Stability Class A is not expected over the Gulf of
Mexico.

The mixing heights offshore are quite shallow, generally 900 m or less. Transient cold fronts
have an impact on the mixing heights; some of the lowest heights can be expected to occur with
frontal passages and on the cold air side of the fronts. This effect is caused by the frontal
inversion.

G. Multiple Uses of the OCS

1. Fisheries

Commercial fishers in the United States landed over 9.6 billion pounds of edible and
industrial fishery products in 1996. Approximately 1.5 billion pounds of fishery products were
harvested from the Gulf of Mexico by the commercial fishers. Forty-two percent of all fish
caught and 29 percent of all fishing trips by recreational fishers were in the Gulf of Mexico in
1996. Although the quantity of commercial landings from deep water is comparatively small,
these species are of high value.

Unlike fishing in shallower parts of the Gulf, fisheries in the deep waters of Gulf are not
distributed over large areas; not all deepwater areas hold enough of the economically important
species to support a fishery. Perhaps for this reason there are a greater variety of fisheries in the
deep waters of the Gulf. These fisheries include the following:

e bottom longlining for snapper, grouper, and tilefish by commercial fishers and
hook-and-line recreational fisheries for these same species;

o mid-water longlining for tunas, swordfish, and shark by commercial fishers
and hook-and-line recreational fisheries for these same species;

e Dbottom trawling for royal red shrimp and mid-water trawling for butterfish;
and

e bottom trapping for golden and red crabs.

Recreational fishing is the only recreational activity that occurs with any regularity in the
deep waters of the Gulf of Mexico. Large private boats and some charter boats will travel to the
deep waters of the Gulf of Mexico to pursue blue-water game fish such as marlin, wahoo, and
tunas. Typically, this is a troll-type fishery in which specially equipped big-game fishing boats
use outriggers to drag several baits all day long for many miles. The closer the deep water is to
shore or to major population and marina areas, the more likely it is to attract big game or
billfishing activity because of accessibility. Deep waters occur as close as 15 mi off the mouth
of the Mississippi River, which has resulted in the development of a major offshore recreational
fishery in the areas offshore southeast Louisiana and the Mississippi coast. That is not to say that
fishing does not occur in the more remote deep waters 100-200 mi from shore, b*ut the
inaccessibility discourages all but the most determined and affluent fishermen. Besides the
Mississippi Delta area, other well-known underwater topographic features, such as the
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Mississippi and DeSoto Canyons, and manmade structures, such as drilling rigs and production
systems, attract target species and consequently attract fishermen far offshore in pursuit.

The deep waters of the Gulf of Mexico appear to be a major spawning area for many of the
fishery resources mentioned above. The complex currents of deep water critically affect the
resultant offspring of all species above, but especially the highly migratory tunas and swordfish
since they utilize the water column as a nursery ground. Information is limited about the early
life histories of these species or of the many other species found in deepwater areas. Information
on fish larvae from deepwater areas of the Gulf of Mexico is limited. In the vicinity of Viosca
Knoll and DeSoto Canyon, ichthyoplankton surveys are available from only two seasons and two
errant locales.

2. Department of Defense Activities

The Department of Defense (DOD) has designated areas in the Gulf of Mexico for
conducting military training, operations, and testing. Many of the blocks within these warning
areas are leased, especially in the Central Planning Area. Figure I1I-6 shows the location of the
designated military warning areas in the Gulf of Mexico.

Activities conducted by the DOD within these areas vary in mission and duration. Examples
of the types of activities that might be conducted include vessel and aircraft training missions, as
well as equipment and weapons testing. The duration of operations within the areas is highly
variable.

The MMS, in conjunction with the DOD, developed a military area stipulation that is applied
to all leased blocks within any of the designated military warning areas. The purpose of the
stipulation is to mitigate potential multiple-use conflicts on the OCS. A brief summary of the
stipulation’s parts is provided below.

The military area stipulation is composed of three parts:

e The Hold and Save Harmless portion of the stipulation serves to protect the
U.S. Government from liability in the event of an accident involving the
lessee/operator and military activities.

e The Electromagnetic Emissions portion of the stipulation requires the
lessee/operator and its agents to reduce and curtail the use of radio or other
equipment emitting electromagnetic energy within certain designated areas.
This serves to reduce the effects of oil and gas activities on the communications
of military missions. The stipulation also reduces the possible effects of
electromagnetic energy transmissions on Department of Defense flight, testing,
or operational activities conducted within individual designated warning areas.

e The Operational portion of the stipulation requires the lessee/operator to enter
into an agreement with designated command headquarters. The lessee/operator
must notify the military of oil- and gas-related activities that take place within
the designated military warning areas. This allows the base commanders and
their staff to plan military missions and maneuvers to avoid these areas. Prior
notification to the military helps reduce the potential effects associated with
vessels and/or aircraft traveling unannounced through areas where active
military operations are underway.

The Department of the Defense disposed of old ordnance and unexploded (duds) shells and
depth charges in areas of the Gulf. Although dumping has not taken place in any of these areas
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since 1969-1970, all lessees and operators should take precautions in drilling and locating
structures within or near these areas because of the presence of unexploded ordnance.

3. Lightering Areas

Traditionally, lightering operations involve the offloading of imported crude oil from very
large crude carriers (VLCC) or ultra large crude carriers (ULCC) to smaller shuttle tankers at
sea. These small tankers then transship the crude to shore terminals for offloading. The deep
draft of the fully loaded VLCC and ULCC prevents these tankers from docking at shore-based
port facilities. These vessels also have the option of delivering their cargos to the Gulf’s
offshore deepwater port, LOOP.

Lightering operations at sea are generally conducted with both vessels under low power.
This forward motion maintains steerage, and power is available for additional maneuvering
operations. Lightering operations begin with the two vessels being secured together; flexible
transfer lines are connected to the tankers’ manifold systems. Pumping is initiated and the crude
is transferred. The ships are decoupled and the shuttle tanker heads for port. Multiple shuttle
tanker “runs” are required to completely offload the cargo from the larger vessel.

On August 29, 1995, the USCG designated four lightering zones in the Gulf of Mexico
(Figure III-7), each located more than 60 mi from the baseline from which the territorial sea of
the U.S. is measured. Single-hull tank vessels contracted for after June 30, 1990, and older
single-hull tank vessels phased out by the Oil Pollution Act of 1990 can use these designated
lightering zones until January 1, 2015. After that date, single-hull vessels will not be permitted
to offload oil in the U.S. Exclusive Economic Zone (EEZ).

The USCG also established three adjacent areas in the Gulf of Mexico where all lightering is
prohibited (Figure III-7). These areas were identified as areas of concern about the potential
impacts from lightering-related oil spills on sensitive communities associated with topographic
features.

The USCG prepared an EA, dated October 25, 1994, to evaluate the potential environmental
effects from the designation of the lightering zones. Their evaluation resulted in a Finding of No
Significant Impact.

As more drilling and production activities occur in or near the designated lightering zones,
both MMS and USCG are concerned about minimizing the potential for collisions between
moving lightering vessels and stationery OCS structures. All offshore facilities are required to
have and maintain aids to navigation. These aids may include signs, lights, fog horns, and other
equipment to warn vessels. In addition, the location of fixed structures on the OCS is published
in the Notice to Mariners and may also be depicted on navigational charts. The USCG is also
examining collision avoidance systems that may improve navigational safety.
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IV. ENVIRONMENTAL AND SOCIOECONOMIC
RESOURCES AND IMPACT ANALYSES

A. Chemosynthetic Communities

1. Description

Chemosynthetic communities are remarkable in that they utilize a carbon source independent
of photosynthesis and the sun-dependent photosynthetic food chain that supports all other life on
earth. Although the process of chemosynthesis is entirely microbial, chemosynthetic bacteria
and their production can support thriving assemblages of higher organisms through symbiosis.
The first discovery of deep-sea chemosynthetic communities including higher animals was
unexpectedly made at hydrothermal vents in the eastern Pacific Ocean during geological
explorations (Corliss et al., 1979). The principal organisms included tube worms, clams, and
mussels that derive their entire food supply from symbiotic chemosynthetic bacteria, which
obtain their energy needs from chemical compounds in the venting fluids. Similar communities
were first discovered in the Eastern Gulf of Mexico in 1983 at the bottom of the Florida
Escarpment in areas of Acold@ brine seepage (Paull et al., 1984). The fauna here was found to be
generally similar to vent communities including tube worms, mussels, and rarely, vesicomyid
clams.

Chemosynthetic communities in the Central Gulf of Mexico were fortuitously discovered by
two groups concurrently in November 1984. During investigations by Texas A&M University to
determine the effects of oil seepage on benthic ecology (until this investigation, all effects of oil
seepage were assumed to be detrimental), bottom trawls unexpectedly recovered extensive
collections of chemosynthetic organisms including tube worms and clams (Kennicutt et al.,
1985). At the same time, LGL Ecological Research Associates was conducting a research cruise
as part of the multiyear MMS Northern Gulf of Mexico Continental Slope Study (LGL and
Texas A&M University, 1986). Bottom photography resulted in clear images of vesicomyid
clam chemosynthetic communities. A subsequent LGL/MMS cruise also photographically
documented tube worm communities in situ in the Central Gulf of Mexico (Boland, 1986) prior
to the initial submersible investigations and firsthand descriptions of Bush Hill in 1986 (Rosman
et al., 1987; MacDonald et al., 1989).

a. Distribution

The northern Gulf of Mexico slope includes a stratigraphic section more than 10 km thick
and has been profoundly influenced by salt movement. Oil in most of the Gulf slope fields is
generated by Mesozoic source rocks from Upper Jurassic to Upper Cretaceous in age (Sassen et
al., 1993). Migration conduits supply fresh hydrocarbon materials through a vertical scale of 6-
8 km toward the surface. The surface expressions of hydrocarbon migration are referred to as
seeps. Geological evidence demonstrates that hydrocarbon and brine seepage persists in
spatially discrete areas for thousands of years. The time scale for oil and gas migration
(combination of buoyancy and pressure) from source systems is on the scale of millions o