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EXECUTIVE SUMMARY

The United States Department of Interior (DOI) Minerals Management Service
(MMS) has prepared this Final Environmental Impact Statement (FEIS) to evaluate
potential environmental effects of the proposed use of Floating Production, Storage, and
Offloading (FPSO) Systems in the deepwater portions (i.e., in areas >650 feet [200
meters] in depth) of the Outer Continental Shelf (OCS) in the Centra and Western
Planning Areas of the Gulf of Mexico (GOM). This EIS has been prepared in accordance
with the National Environmental Policy Act (NEPA), as amended, 42 U.S.C.88 4321-
4370(d)(1994), and MM S implementation guidelines.

This Environmental Impact Statement (EIS) is a programmatic document to
examine the concept of, and fundamental issues associated with, the petroleum industry’s
proposed use of FPSOs on the OCS of the GOM. Therefore, this EIS addresses the
proposed action generically and does not constitute a review of any site-specific
development proposal. In addition, the EIS addresses only the NEPA review process:
subsequent site-specific FPSO proposals would be subject to established MMS and
United States Coast Guard (Coast Guard) review and decision processes (addressing
engineering, oil spill, air quality, water quality, and site-specific documentation under
NEPA); U.S. Environmental Protection Agency (USEPA) water quality permitting; and
any applicable review by states for coastal zone consistency.

The proposed use of FPSOs on the GOM OCS would provide industry with a
deepwater production and transportation option in lease areas that are beyond the reach of
current oil pipeline infrastructure and possibly technically and/or economically beyond
the reach of existing means for extending oil pipeline infrastructure into these lease areas.
Offshore leases in areas that present technological and/or economic barriers to
development (e.g., great distances from existing infrastructure, extreme depth, highly
irregular ocean bottom terrain, fields with marginal production potential, etc.) could
potentially become viable candidates for development with the use of FPSOs.

Proposed Action and Alternatives

Alternative A (Conceptual Approval of FPSOs [The Proposed Action]) is the
implementation of a policy accepting the conceptual use of the base-case FPSO system in
the deepwater OCS areas of the Western and Central Planning Areas of the GOM within
the range of design and operational variations considered in the EIS. Under this
dternative, FPSOs would be considered an acceptable deepwater development
technology for useinthe GOM.

Alternative B (Conditional Approval of FPSOs [The Proposed Action with
General Restrictions or Conditions]) is the implementation of a policy accepting the
conceptual use of the base case FPSO system and range of optionsin the GOM OCS with
genera restrictions on the design, operation, or geographic location as conditions of
approval. Certain restrictions were identified for consideration based on existing
regulatory requirements and the findings of the risk assessment and/or impact assessment
performed for this EIS. These restrictions or conditions are analyzed as variations of
Alternative B and are described as follows: Alternative B-1 considers that FPSOs would
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be prohibited in the portions of the project area in which lightering-prohibited areas have
been established by Coast Guard (under 33 CFR Part 156 Subpart C). Alternative B-2
considers that FPSOs would not be permitted in the Corpus Christi or Port Isabel map
protraction areas. Alternative B-3 considers the exclusion of FPSOs from |ease areas near
the Mississippi Delta, specificaly the Viosca Knoll and Mississippi Canyon map
protraction areas. Alternative B-4 considers the requirement for an attendant vessel to be
present during offloading operations, as a measure to enhance safety and provide a level
of immediate oil spill response capability.

Alternative C (No Action) is that the concept of using FPSOs in the GOM OCS
would not be accepted based on this EIS.

Summary Comparison of Environmental Impacts

Alternative A, the proposed action, would generally have limited adverse impacts
on most environmental resources, although significant impacts could occur under certain
circumstances. Resources that could be significantly impacted by Alternative A include
air quality, water and sediment quality, offshore environments, marine mammals, sea
turtles, and commercial fisheries. As discussed in table 2-3, these significant impacts
would only occur under specific conditions, most of which can be protected against by
project planning and regulatory restrictions. In addition, the proposed action would result
in some beneficial effects on fishery resources and localized socioeconomic conditions.

Alternatives B-1, B-2, and B-3 would have less impact than the proposed action
on some of the resources due to the exclusion of FPSO operations from areas near
sensitive resources. Under Alternative B-3, the potentia for significant impacts on air
quality in Breton Sound NWA would be eliminated by excluding FPSOs from nearby
areas. Alternatives B1, B-2, and B-3 would have greater impacts (both beneficial and
adverse) on fishery resources and commercial fishing than those projected for Alternative
A due to limiting locations for FPSO operations.

Alternative B-4 (requiring an attendant vessel) would have greater adverse

impacts than Alternative A on air quality, water quality, offshore environments, marine
mammals, sea turtles, commercial fisheries, the socioeconomic environment, and other
uses. However, most of these increased impacts are negligible or minor.
Alternative C would have negligible impacts on environmental resources, though it has
the potential to cause a significant adverse impact on the socioeconomic environment
along the Gulf coast if the absence of FPSOs leads to an industry downturn. If individual
FPSOs were permitted under Alternative C, adverse impacts similar in nature to those
described for Alternative A would occur.

Mitigation and Risk-Reducing Measures

Mitigation measures that are identified as potentially applicable to the proposed
use of FPSOs on the GOM OCS include those that would address potential impacts
associated with FPSO installation and routine operations; the incorporation of risk-
reducing measures that would (1) lessen the potential for accidents that could result in an
oil spill, or (2) minimize the volume of an oil spill should an accident occur; and
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mitigation measures for ensuring appropriate and timely oil spill response, should a spill
occur.

FPSO Ingtallation and Routine Operations. The anaysis for considering
potentially significant air quality impacts determined that the potential effects are largely
location-dependant. A permanently moored FPSO/shuttle tanker offloading operation in
the northeast quadrant of the Mississippi Canyon protraction area would generate sulfur
dioxide emissions that could exceed Class | standards in the Breton Sound National
Wilderness Area (NWA) in offshore Louisiana. The use of low sulfur fuels for these
operations may be an effective measure for reducing sulfur dioxide emissions to levels
that are below Class | standards. In the event that a dynamic positioning system is
employed, short-term flaring is conducted, or more than one production facility is
established within the vicinity, use of low sulfur fuels for operation of vessels and
equipment may not achieve the necessary reduction in sulfur dioxide concentrations for
meeting the Class | criteriaat Breton Sound NWA. It should be noted that the selection
of Alternative B-3 would exclude the use of FPSOs in the Mississippi Canyon lease area,
in effect mitigating the potential for significant impacts on air quality at Breton Sound
NWA that would be attributed to FPSOs and their support activities. The area considered
under Alternative B-3 is very large and emissions from FPSO and shuttle tanker
operations in a location away from the northeast quadrant may not exceed Class |
standards in the Breton NWA.

Selection of Alternative B-3 would provide mitigation for potential impacts of
FPSO activities on local deepwater marine mammal species in the Viosca Knoll and
Mississippi Canyon lease areas. These waters are considered to support a resident
population of endangered sperm whales.

The potential for impacts on commercial fisheries brought on by the abandonment
of debris and facilities on the sea floor would be mitigated through MM S's site clearance
and verification processes. Lessees are required to remove all devices, works, structures,
and related underwater obstructions from their Federal OCS leases within one year after
the lease is terminated or relinquished. Economic relief from entanglement with oil- and
gas-related debris is available through the fisherman’ s contingency fund.

Risk-reducing Measures. An oil spill frequency anaysis, addressing the
proposed use of FPSOs on the GOM OCS, was completed in conjunction with this EIS.
The results and conclusions of the frequency analysis are summarized in the EIS. This
anaysis considered that a variety of design and operational scenarios may be considered
by operators for the OCS. It included identifying measures for reducing the risk of
accidents, and for potentially minimizing the volume of oil released, should an accident
occur. There are a number of variations in system design, configuration and operation
that, alone or in combination, could be employed to minimize therisk of an oil spill. An
extensive list of potentialy applicable risk-reducing measures was developed as part of
the risk assessment effort, and is provided in Section 4.4.1 of the EIS. In addition, it
should be noted that the selection of Alternative B-4 would represent a risk-reducing
measure for providing an additional level of safety during FPSO/shuttle tanker
offloading, and for on-site first-response capability in the event of an oil spill. An
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attendant vessel isthe only “active” system available to intervene and potentially prevent
acollision and any resulting fire, explosion or oil spill.

Mitigation for Oil Spill Response Readiness. Severa different response methods
are currently available for offshore oil spills, including application of oil dispersants,
mechanical containment and recovery, and in-situ burning. Each of these response
methods represents, in effect, available mitigation that may serve to reduce or eliminate
oil spill-related impacts. The critical time period for spill response (i.e., mobilization of
spill response manpower, transportation, materials, and supplies) is within the first one or
two days following an accidental release of oil. The extent and location of a spill (and
the relative location of potentially sensitive shoreline or offshore resources) are important
considerations that influence the nature of a spill response. Whileit isrecognized that the
MMS and Coast Guard will require limited spill response capability on site (e.g., spill
response plans for the FPSO and shuttle tankers, limited supplies for cleanup of small
spills), it may aso be possible to pre-position spill equipment and supplies as mitigation.
Section 4.4.3 considered current spill response capability for the GOM region,
recognizing that there is no reliable method of estimating what resources may be
available when the first FPSO begins operation. Further, there is no reliable means of
determining what spill response contractual arrangements may be in place when the first
FPSO is installed in the GOM. It is recommended that pre-positioning of supplies be
considered on a project-by-project basis, considering the proposed FPSO location, shuttle
tanker routes, and sensitive offshore and coastal resources. Under the proper
circumstances, the enhanced readiness afforded through pre-positioning for an accidental
release of oil may provide sufficient mitigation to protect sensitive resources from
significant impacts.

Application of these mitigation and risk-reducing measures is an option available
to the Secretary of the Interior.

Action Scenarios Analyzed

The petroleum industry proposes the use of FPSOs as a viable technological and
operational means of producing hydrocarbon resources on the U.S. portion of the GOM
OCS. This EIS describes “a most likely configuration” of an FPSO system that would
operate in these deepwater areas of the Western and Central Planning Areas of the GOM.
Hence, the base-case scenario for consideration in this EIS is a generic FPSO system that
incorporates the components, configuration, and types and level of activities that would
reasonably be expected to represent industry’s intended applications of these systems.
The major components of the base-case scenario FPSO generally fall within a range of
potentially viable design choices and configurations. The range of potential options for
the main components of FPSO systems that would operate in the GOM also are identified
and discussed in the EIS. The base-case scenario was defined in sufficient detail so that
(1) a quantitative risk assessment (including a hazard analysis and accident frequency
analysis) could be conducted, (2) environmental impact-producing factors could be
identified, and (3) an environmental impact assessment could be completed. The
potentially applicable range of options for FPSO system components and configuration
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was analyzed to the point that risks and impacts could be gauged relative to the base-case
scenario.

Consideration of the proposed action is limited to a 10-year period, 2001 through
2010. A 10-year period was chosen for the analysis time frame because rapidly changing
technologies make projections beyond that time frame very uncertain. During the 10-
year planning period for consideration of the proposed action, the MM S projects that five
FPSOs could be incrementally deployed by industry within the geographic area of
consideration. The first FPSO could be deployed as early as 2001, and then, with the
addition of one FPSO approximately every other year beyond 2001, five FPSOs could be
operating in the geographic area of consideration by 2010.

The cumulative analysis considers environmental impacts that potentially could
result from the incremental contribution of the proposed action for FPSOs when
combined with past, present, and reasonably foreseeable future actions, including other
OCS hydrocarbon development activities, other OCS activities and uses, maritime
transport, and coastal activity.

Major Issues

The magjor issues of concern considered and/or analyzed in this EIS include many
of the same issues identified during scoping for previous MMS's NEPA documents
covering OCS oil and gas development, as well as issues identified specifically for
FPSOs in this EIS scoping process. The following sources were used to focus more
specifically on issues of concern related to use of FPSOs for deepwater development:
public scoping for thisEIS; MMS's Gulf of Mexico Deegpwater Operations and Activities
Environmental Assessment (Deepwater EA); and the FPSO workshop co-sponsored by
MMS and DeepStar on April 16, 1997.

Many of the issues identified in the Deepwater EA are related to impact-
producing activities or risk factors generally associated with deepwater oil and gas
activities, including production operations. As noted in the Deepwater EA, many of these
issues have been analyzed in previous NEPA documents, and these analyses are
referenced where appropriate. Only issues unique to FPSO-based production systems
were selected for detailed analysis in this EIS. Most of these issues are associated with
the following unique aspects of FPSO operations. offshore storage of large volumes of
OCS-produced crude oil; off-loading of OCS-produced crude oil offshore; and transport
of OCS-produced crude oil via surface vessel (versus transport via marine pipeline).
Issues of concern relate to: potential impact-producing factors associated with FPSO
operations and support activities; sensitive environmental resources that could be
impacted by FPSO instalation, operation, decommissioning, and associated
transportation and support activities, and socioeconomic activities that could be affected
by FPSO-related activities.

The environmental resources that are potentially vulnerable to impacts from
construction, installation, operation, and decommissioning of FPSOs in the GOM are: air
quality; water and sediment quality; coastal habitats; benthic communities; marine
mammals; sea turtles; coastal and marine birds; fish; commercial and recreational
fisheries; social and economic conditions; recreational resources and beach use; cultural
resources; and other uses.
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Impact Conclusions — FPSO Installation, Routine Operations and
Decommissioning

A summary of the potential impacts on each environmental resource and the
conclusion of the analyses is presented in Section 2.3, as well as in Sections 4.3 through
4.5 of thisEIS. Below is a general summary of the potential impacts resulting from the
proposed action and alternatives.

Air Quality. Under the proposed action, emissions from routine operations may
result in a long-term significant impact in ar quality at Breton Sound NWA due to
exceedances of the SO, standard. The installation of up to five geographically dispersed
FPSOs may adversely affect air quality, depending upon location and proximity to shore
and one another. In the unlikely event that all five FPSOs were placed near sensitive
receptors (e.g., in the Mississippi Canyon area) in an area with a 50-km radius, significant
air quality impacts are expected from SO, emissions. The flaring/venting options for gas
disposal aso could have significant impacts on air quality.

Alternatives B-1 and B-2 would have negligible impact on ambient air quality.
Alternative B-3 would effectively mitigate the significant impact of FPSO emissions in
the northeastern portion of the Mississippi Canyon lease area, specificaly impacts on the
Breton NWA. Alternative B-4 would have an incremental increase in impact above that
projected for Alternative A (i.e., significant impacts from SO, emissions in the
Mississippi Canyon ared). For operations in the northeastern part of the Mississippi
Canyon area, any air quality impacts could be further exacerbated by the presence of an
attendant vessel under Alternative B-4.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Water and Sediment Quality. The proposed action would have an adverse, but
not significant impact on water quality. Support vessel traffic from the shorebase(s) to
the FPSO site(s) would produce adverse but not significant impacts on coastal water and
sediment quality. If vessel traffic is concentrated in one or a few ports, then significant,
localized impacts on water quality and sediment quality could be realized. Anchoring
installation/emplacement activities would produce localized, short-term impacts on
offshore sediment quality. During routine production operations at the FPSO, produced
water discharges and wastewater discharges from the FPSO and support vessels would
produce localized impacts on offshore water quality, an adverse but not significant
impact.
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Alternatives B-1 through B-3 would have negligible impact on coastal and
offshore water and sediment quality, relative to Alternative A. Alternative B-4 would
have an incremental impact on water quality, however, impacts are expected to remain
adverse but not significant.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Coastal Environments. The proposed action would have generaly negligible
impacts on coastal environments (i.e., coastal barrier beaches, dunes, wetlands, and
seagrass beds). However, adverse but not significant impacts on beaches, coastal
wetlands and seagrass habitats could occur due to incremental increases in vessel traffic,
depending upon the location of operations and the nature of adjacent coastal resources.
These impacts would result from incremental increases in erosion rates, sediment re-
suspension, and turbidity caused by vessel transitsin coastal areas.

Alternative B-1 is expected to produce negligible impacts on coastal barrier
beaches and associated dunes, particularly if exclusions from the lightering-prohibited
areas concentrated shuttle tanker traffic to specific ports. Alternative B-2 would have
negligible impact on coastal barrier beaches and associated dunes. Alternative B-3 would
have no effect on proposed operations elsewhere in the deepwater area and thus no
effects on the impacts associated with shuttle tanker traffic discussed under Alternative
A. Alternative B-4 would have similar impacts on coastal environments as those
projected for Alternative A.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Offshore Environments. The proposed action would have generally negligible,
localized impacts on offshore environments (encompassing plankton and deep benthic
communities and topographic features). Anchoring, structure emplacement, and
pipelaying would produce adverse but not significant impacts on soft-bottom benthic
communities. Recolonization of disturbed areas is expected during the first several years
following FPSO installation and operation. With proper avoidance, impacts on
chemosynthetic communities from installation activities would be negligible. However,
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if chemosynthetic communities were damaged during installation, such damage to
chemosynthetic communities would represent a significant, long-term impact. Bottom-
founded structures may provide hard substrate for epifaunal attachment, possibly a
beneficial impact. Use of either suction pile or driven pile anchoring techniques (instead
of drag anchoring) may slightly reduce impacts on the benthos by reducing the total
amount of seafloor area affected.

Alternatives B-1, B-2, and B-3 would have no impact on offshore resources.
Alternative B-4 may produce a slight increase in impact on both water column and deep
benthic environments. This incremental increase in discharges is minor, and impacts on
plankton would remain negligible. If a dedicated anchor is required, additional, minor
anchor impacts are predicted. Impacts on benthic communities would remain adverse but
not significant.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Marine Mammals. Normal operations under the proposed action would cause
localized adverse impacts on marine mammals, primarily from noise and/or visual
disturbances from helicopters, service vessels, and shuttle tankers. Expected increasesin
service vessel and shuttle tanker traffic associated with normal operations may also
increase the probability of collisions between these vessels and marine mammals.
Although the risk of collisions may vary, any collision with a marine mammal that is
listed as an endangered species, such as the sperm whale, would constitute a significant
impact. A collision with a non-listed species would be considered adverse, but not
locally or regionally significant. Ingestion of, or entanglement with, any solid debris
accidently lost overboard would produce a negligible impact on marine mammals.

Alternatives B-1 and B-2 would have similar impacts on marine mammals, as
those projected for Alternative A. Alternative B-3 may mitigate potential impacts of
FPSO activities on local deepwater marine mammal species, especialy the endangered
sperm whale. Alternative B-4 has the potential for greater impacts on marine mammals
than Alternative A, however, the impacts from additional noise or discharges from an
attendant vessel are not considered to be significant.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
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FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Sea Turtles. Under the proposed action, installation and operation of an FPSO
would have generally negligible impacts on sea turtles, although collisions with service
vessels and shuttle tankers and installation of OCS pipelines may produce adverse or
significant impacts. Expected increases in vessel traffic associated with installation may
also increase the probability of collisions between these vessels and sea turtles. Although
the risk of collisions may vary, any collision with a single sea turtle that causes death
would constitute a significant impact, as all species are currently listed as endangered or
threatened species. Destruction of shallow water habitats and beaches as a result of the
installation of OCS pipelines may produce adverse but not significant impacts on sea
turtles through loss of nesting habitat.

Alternatives B-1, B-2, and B-3 would have the same impacts on sea turtles as
described in Alternative A. Alternative B-4 has the potential for increased impact on sea
turtles from additional subsea mechanical noise and additional discharges. Impacts on
sea turtles resulting from these sources are considered to be adverse but not significant.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Coastal and Marine Birds. The proposed action would produce negligible or
adverse impacts on coastal and marine birds. Installation of new OCS pipeline landfalls,
if required, could cause adverse impacts on coastal birds due to the associated destruction
or alteration of coastal habitat and related disturbance from installation operations.
However, with appropriate placement (and avoidance of sensitive avian habitat), impacts
are not expected to be significant. Helicopter and service vessel traffic related to normal
operations would produce only a negligible impact on coastal and marine birds.

Alternatives B-1 through B-4 would have similar impacts on coastal and marine
birds as those described under Alternative A.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.
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Fish Resources. The proposed action would produce negligible or beneficial
impacts on fish resources, except for potentialy adverse impacts on highly migratory
fish. Anchors and other bottom-founded structures would serve as fish attracting devices
(FADs), a beneficial impact on species preferring bottom relief. Highly migratory fish
species could be diverted from traditional migratory routes and, consequently, from
traditional spawning or feeding areas. Such disruptions in migration patterns could result
in short- or long-term effects on the feeding behavior in deepwater fishes, an adverse but
not significant impact. In situ abandonment of bottom-founded structures would create a
permanent FAD effect for benthic fishes, which could have adverse or beneficial effects
on fish populations, although significant impacts are not expected.

Alternative B-1 may have a beneficial impact on shallow-water fish resources
greater than that of Alternative A. The impacts of Alternative B-2 on fish resources
would not be appreciably different than those caused by Alternative A. Alternative B-3
would have less beneficial impact than that of Alternative A due to the elimination of
FPSO structures in lease areas nearest to the Mississippi Delta.  Alternative B-4 would
have an incrementally greater adverse impact on fish resources than that projected for
Alternative A, but the impact would still be negligible.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Commercial Fisheries. The proposed action would produce negligible to
adverse, localized, long-term impacts on commercia fisheries. The presence of FPSOs,
pipelines, and vessel traffic would preclude deepwater trawling and longlining in
relatively small areas surrounding these structures and activities, causing an adverse but
not significant impact. The placement of FPSOs in water depths of greater than 1,000
feet would greatly lessen the chance for conflicts with trawling and bottom longlining. 1f
optional scenarios involve shallower waters (e.g., aong the 600-foot isobath), then the
potential for impact would increase, but would only be significant if the FPSO was
located on or near a known fishing area. Partial structure abandonments on the seafl oor
would cause permanent loss of relatively small fishing areas, resulting in a negligible
impact on commercial bottom fisheries.

Alternative B-1 and B-2 would have less of an impact on demersal fisheries (i.e,,
bottom longlining and trawling) than that of Alternative A, particularly for lightering
prohibited areas located in water depths between 600 and 1,500 feet. Alternative B-1 and
B-2 would, however, produce an incremental increase (over Alternative A effects) in
space-use conflicts with the surface longline fishing, causing an adverse but not
significant impact. Alternative B-3 would have less impact than Alternative A on the
royal red shrimp fishery, which generally occurs in the proposed exclusion area (i.e.,
within water depths of 600 to 1,500 feet). However, this exclusion area would cause
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adverse but not significant impacts by dlightly increasing the space-use conflicts
elsawhere in the deepwater areas where surface longlining occurs. Alternative B-4 would
have impacts on commercial fisheries similar to those projected for the Alternative A.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Socioeconomic Environment. The proposed action could have short-term
socioeconomic benefits along the Gulf coast during construction phases, but impacts of
normal FPSO and shuttle tanker operations on the socioeconomic environment would be
negligible. In the event five FPSOs were placed in proximity to one another, it is
possible that one or two port facilities would realize the bulk of the socioeconomic
impact, resulting in a localized, adverse but not significant impact. The storage capacity
and production rates associated with five FPSOs would produce a sightly greater impact
on socioeconomic resources, but still result in a negligible socioeconomic impact.

Alternative B-1 would have negligible impacts on social and economic outcomes,
similar to those of Alternative A. Alternatives B-2 and B-3 would also have negligible
socia and economic impact overall, however, the beneficial effects of FPSO-related
offshore employment (of workers residing along coastal areas adjacent to the exclusion
zones) may be dampened dlightly. Alternative B-4 would have a dlightly greater adverse
impact on socioeconomic environment than that projected for Alternative A, but the
impact would still be negligible.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Recreational Resources and Beach Use. The proposed action would have
negligible, localized, adverse impacts on recreational resources and beach use. No
impacts on recreational resources and beach use are expected in association with
perceived water quality degradation. Slight increases in the number of vessel and
helicopter transits would produce minor, incremental impacts on viewsheds in the vicinity
of transit routes. Options for increased storage capacity and increased production rates
would further increase tanker traffic but still result in negligible impacts, given the
amount of tankering activity currently being conducted at Gulf ports.
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Alternatives B-1, B-2, B-3, and B-4 would have negligible impacts on
recreational resources and beach use similar to those caused by Alternative A.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Other Uses. The proposed action would have negligible impacts on other uses of
the GOM, such as commercial and military uses. Incremental increases in vessel traffic,
helicopters, and shuttle tankering would produce the potential for increased conflicts with
other uses of surface, airspace, and underwater areas, but these impacts are expected to be
negligible.

Alternatives B-1, B-2, and B-3 would have less impact than Alternative A on
other uses due to the exclusion of FPSOs from designated areas. Alternative B-4 would
have aminor incremental impact on other uses above that projected for Alternative A, but
thiswould still represent a negligible impact.

Under Alternative C, the No Action alternative, the general concept of using
FPSOs in the GOM OCS would not be accepted by MMS. The alternative would not
necessarily prohibit the use of FPSOs in the GOM. Operators could submit project-
specific FPSO development proposals to MMS for consideration under established
review and decision processes (including the NEPA process). Consequently, the
environmental consequences associated with Alternative C could potentially be the same
as for the proposed action (Alternative A) or alternatives B-1 through B-3, if up to five
FPSO projects were eventually approved for the Western and Central Planning Areas of
the OCS.

Risk of Oil Spill

In conjunction with preparation of the EIS, a quantitative risk assessment was
performed by Det Norske Veritas (DNV, Offshore Department, Risk and Reliability
Services Division, Houston, Texas) based on the specifications defined for the base-case
FPSO. DNV prepared and submitted to MMS a detailed report on the methodology and
results of the risk assessment (DNV, January 2000).

The risks from FPSO operations were compared to those of accepted deepwater
technologies for oil production to identify risk factors unique to FPSO operations. These
risks were measured by examining each accidental event considered and comparing its
frequency or outcome against that of the corresponding operation on a tension leg
platform (TLP), which is taken to be representative of accepted deepwater technology for
the GOM OCS. The results of this comparison were used to predict the risks unique to
FPSO operation. The study quantified common risks to both FPSOs and TLPs and risks
unique to FPSOs, but it did not address risks unique to TLPs.
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The results of the risk assessment indicate that for risks unique to FPSO
operation:

The frequency of FPSO-unique oil releases greater than 1,000 barrelsis 0.037 per
billion barrels produced for FPSO-related failures, and 1.2 per billion barrels
transported for shuttle tanker-related failures. (The production rate is assumed to
be 150,000 barrels of oil per day.)

Approximately 94.4 percent of the volume of potential FPSO-unique spills is
likely to be due to the transfer of oil from the FPSO to the shuttle tanker and from
the shuttle tanker transit to shore.

Approximately 53.6 percent of the volume of potential FPSO-unique spills is
likely to be from shuttle tankers near port.

Approximately 39.0 percent of the volume of potential FPSO-unique spills is
likely to be from shuttle tankers in transit to port.

Approximately 1.8 percent of the volume of potential FPSO-unique spillsislikely
to be from the transfer of oil from the FPSO to the shuttle tanker. However, this
volume is comprised entirely of the smaller spill sizes (<1,000 barrels).

Process releases are the single largest FPSO-unique risk for releases on the FPSO.
For events on the FPSO, accidents that escalate to the cargo area (which
comprises escalation consequences from most of the hazard categories in table 4-
25) represent the largest FPSO-unique risk. The cumulative frequency of these
eventsison the order of 1 x 10°° per year.

Collisions with passing merchant vessels are low-frequency events but account
for 1.2 percent of al the FPSO-unique oil released due to the potential for large-
volume spills.

The assessment of oil spill risks performed for this study should be regarded as
generic to the concept of using FPSOs in deep water. More detailed analysis would
accompany the evaluation of specific FPSO permit applications. At that time, the
locations of a proposed FPSO and associated tanker routes would be more defined, and
the risk from transportation routes closer to shore would be evaluated.

Based on the risk assessment, the risk of spills unique to FPSOs operations in the
GOM is low. Of spill risk on the FPSO itself, excluding offloading and shuttle tanker
transport, FPSO-unique spill risk comprises only 5% of the total risk. The remaining
95% of spills are not unique to FPSO operations and would be equally likely and have
similar outcomeson a TLP or other deepwater production aternative.

Furthermore, risk of oil spills during offloading from the FPSO to the shuttle
tanker is similar to that for lightering operations in the GOM, where there is a history of
low spill frequency and small spill volumes. The risk of shuttle tanker transport spills
should be compared with the risk of spills from oil transport by offshore pipeline. Based
on analysis of MMS's database of oil spillsin U.S. waters (Anderson and LaBelle, 1994),
it is estimated that for pipeline transport there will be 1.32 spills with volumes greater
than 1,000 bbls for every billion bbls transported, and for tanker transport there will be
1.21 spills with volumes greater than 1,000 bbls for every billion bbls transported.
Therefore, the oil spill risk for shuttle tanker transport is comparable to and slightly less
than that of pipeline transport.
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Therisk of shuttle tanker transport spills used in this assessment was derived from
a database of tanker spills in U.S. waters with incidents extending back to the 1970s.
This incident database covers a large range of years and provides a wide experience base
for determining what the historic risk of tanker transport spills has been. However, the
large range of years covered also means that recent regulatory and other risk-reducing
measures are not well represented in the predicted risk of tanker transport spills. It is
expected that these mitigative actions should result in improved tanker performance in
the future over the performance predicted using this database. Therefore, the risk of
shuttle tanker transport spills predicted in this assessment may well be conservative

Oil Spill Impacts

A summary of the potential impacts on each environmental resource and the
conclusion of the analysesis presented in Section 4.4 through 4.5 of thisEIS. Below isa
general summary of the potential impacts resulting from an accident that would result in
an oil spill.

Air Quality. On aregional basis, oil spills from FPSO operations are expected to
produce adverse but not significant impacts on ambient air quality. Impacts will be
relatively short term (i.e., duration of the spill). During the first few days, localized
significant impacts may be realized, depending upon spill location and relative position
of sensitive onshore receptors (e.g., Class| areas).

Water and Sediment Quality. On a regiona basis, oil spills from FPSO
operations are expected to produce adverse but not significant impacts on ambient water
quality. Impacts will be relatively short term (i.e., duration of the spill). On a regional
basis, oil spills from FPSO operations are expected to produce adverse but not significant
impacts on sediment quality. Only significant impacts would be realized if oil wasignited
prior to release (i.e., where spilled oil density greatly exceeds that of seawater), resulting
in sinking oil reaching the benthos where it will affect sediment quality.

Coastal Barrier Beaches. On alocal basis, il spills from FPSO operations will
produce either adverse (but not significant) or significant impacts on coastal barrier
beaches, depending upon spill size, the nature of the oil coming ashore (e.g., highly vs.
lightly weathered) and location and the characteristics of the barrier beach. Impacts may
be long term, depending upon spill location and relative position of sensitive resources.
Spill frequencies are low (i.e., probability of large, nearshore spills is low). At all
offshore locations modeled, smaller spills are not predicted to reach shore.

Wetlands. On a local basis, oil spills from FPSO operations will produce either
adverse (but not significant) or significant impacts on wetlands, depending upon spill
Size, the nature of the oil coming ashore (e.g., highly vs. lightly weathered) and location
of the wetland. Impacts may be long term, depending upon several factors including spill
location, degree of oil weathering, and organic content of marsh sediments. Spill
frequencies are low (i.e., probability of large, nearshore spills is low). At all offshore
locations modeled, smaller spills are not predicted to reach wetlands.

14:001000_MMO01_00_03_90-B0266 XVi
Exec_Summary.doc-1/4/01



Seagrass Beds. On alocal basis, oil spillsfrom FPSO operations are not expected
to produce either adverse or significant impacts on seagrass beds. Probabilities for
spilled oil reaching Florida seagrass beds are very low. Smaller spills from FPSO
locations offshore are not predicted to reach shore.

Offshore Environments. Oil spills from FPSO operations will produce either
negligible or adverse but not significant impacts on offshore environments, including
state offshore waters, menhaden spawning grounds, and topographic features. Oil will
not reach topographic features, while oil reaching state offshore waters or menhaden
spawning grounds will be weathered. Any impacts are projected to be short term.

Marine Mammals. Mysticetes (baleen whales) are considered more likely to be
affected by an ail spill than odontocetes due to feeding mechanisms and their preferred
prey. Small oil spills are unlikely to produce significant impacts on marine mammals.
While larger spills are very rare, should they occur, impacts are potentially significant, of
regiona importance, and long term. Spill frequencies for larger spills are very low,
reducing the risk of impact on marine mammals from an oil spill.

Sea Turtles. If exposed to oil or tar balls, sea turtles are at high risk of suffering
serious injury or death, a significant impact given the listed status of all Gulf sea turtle
species. The probability of exposure to oil from accidents on FPSOs and shuttle tankers
is low. Thus, risk of significant impact is correspondingly low. Small oil spills are
unlikely to produce significant impacts on sea turtles located well inshore of FPSO
operations. While larger spills are very rare, should they occur, impacts are potentially
significant (i.e., affecting adults in coastal waters, smothering nests on nesting beaches),
of regional importance, and long term. Spill frequencies for larger spills are very low,
reducing the risk of impact on seaturtles from an oil spill.

Coastal and Marine Birds. If exposed to oil, coastal and marine birds might
realize significant impacts. Large congregations, rookeries, and foraging areas are
particularly sensitive. Endangered waterbirds and shorebirds are extremely susceptible to
oil in the coastal and intertidal zones, where oil contact resulting in serious injury or
mortality is a significant impact. The probability of exposure to oil from accidents on
FPSOs and shuttle tankers is low. Thus, risk of significant impact is correspondingly
low. Small oil spills are unlikely to produce significant impacts on coastal and marine
birds located inshore of FPSO operations. While larger spills are very rare, should they
occur, impacts are potentially significant, of regional importance, and long term. Spill
frequencies for larger spills are very low, reducing the risk of impact on birds from an ail
spill.

Fish Resources. Because pelagic eggs and larvae of Gulf fishes are vulnerable to
oil exposure, the loss of large numbers of embryos and larvae is an adverse but not
significant impact, localized and short term in nature. Impacts on adults from oil
exposure are not as severe. The probability of exposure to oil from accidents on FPSOs
and shuttle tankersislow. Thus, risk of significant impact is correspondingly low.
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Commercial Fisheries. Nearshore waters and estuarine environments are
important habitat to commercially-important species. While pelagic eggs, larvae, and
juveniles of commercially important fishery species are vulnerable to oil exposure, there
are no apparent impacts on adult, harvestable stocks of those species where early life
stages have been exposed to spilled oil. Similarly, recruitment does not appear to be
affected by oil exposure. Contamination of tissues of select fish species has minimal
impact on health risk. Impacts on commercial fisheries from oil spills are adverse but not
significant. These impacts are expected to be localized and short term in nature. The
probability of exposure to oil from accidents on FPSOs and shuttle tankersis low. Thus,
risk of significant impact is correspondingly low. Impacts on commercia fisheries
associated with closure of a local fishery by state agencies following an oil spill are
adverse but not significant, localized, and of relatively short duration.

Socioeconomic Environment. Of the 13 labor market areas LMAS) evaluated,
only the Brazoria area has a high potential for adverse but not significant impacts on oil
spill-sensitive employment sectors. Oil spills are expected to have only negligible
impacts on other LMAS. In the absence of definitive data regarding the extent and
location of oiling along Gulf coast, impacts upon local infrastructure from cleanup
operations is expected to be adverse but not significant, relatively short term, and
localized.

Recreational Resources and Beach Use. On aloca basis, ail spills from FPSO
operations will produce negligible, adverse (but not significant), or significant impacts on
recreational resources located along coastal barrier beaches and within protected
embayments and wetlands of the western and central Gulf coast. Impact severity will
depend upon spill size, the nature of the oil coming ashore (e.g., highly vs. lightly
weathered), the location and characteristics of the recreational resource, season, the
nature and extent of cleanup operations, and the amount of time a particular recreational
area is closed due to cleanup and/or restoration activities. Impacts may be long term,
depending upon spill location and relative sensitivity of the recreational resource affected
(e.g., impacts on affected wetlands are generally greater than similar spill exposure on a
barrier beach). Spill frequencies are low (i.e., probability of large, nearshore spills is
low). At all offshore locations modeled, smaller spills are not predicted to reach shore.

Cultural Resources. An oil spill driven by wind and currents may be deposited
on a section of the coast containing various historical properties. This deposition may
have an adverse effect on historical resources (e.g., historical piers, esplanades,
boardwalks, landings, port structures, etc.). Furthermore, an oil spill may severely affect
archaeological sites, particularly fragile prehistoric shell midden sites that frequently
occur along the Gulf coast.

Other Uses. Qil spills from FPSO operations will produce negligible to adverse
(but not significant) impacts on other uses (e.g., other GOM oil and gas activities,
commercial shipping, and military testing and training operations), primarily through
limited preclusion of offshore waters prompted by the presence of the oil spill and ail
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spill response equipment. Such impacts are expected to be localized and relatively short
term.

Cumulative Impacts

Installation, routine operations, and decommissioning activities for the above
FPSO components and activities would involve impacts on air quality and the marine and
coastal environment, and potentially could affect commercial fisheries. However, these
impacts are expected to be minimal in magnitude, and localized and/or of short duration
(e.g., during periods of installation and decommissioning activities), and therefore less
than significant. Approximately 55 deepwater production startups are projected for the
GOM OCS by the end of 2000, and an additional 88 deepwater startups are projected
during the 10-year period of 2001 through 2010. Of these projected total 143 deepwater
production facilities anticipated to be installed on the OCS during this time period, up to
five, or 3.5 percent, would be FPSO systems. Consequently, the incremental contribution
of installation, decommissioning and routine operations for the above FPSO components
and activities toward any cumulative adverse impacts in the Gulf region is not expected
to be significant.

The degree to which the emissions from between one and five FPSOs would be
significant and/or could potentially contribute to a significant and adverse cumulative
impact is likely to be location-dependant. For example, the use of one or more
dynamically positioned and/or moored FPSOs in Viosca Knoll Area, or in the northern
portion of the Mississippi Canyon lease Area, alone or in combination with other offshore
activities, may generate emissions that cumulatively exceed Class | air quality standards
(under the Wilderness Act of 1964) in the Breton Sound NWA. The degree to which a
cumulative effect would be observed depends on severa factors, including
meteorological conditions, fuel characteristics, horsepower, emissions controls, FPSO
location, distance from sensitive receptors, and the emissions associated with other
activitiesin the region.

FPSO operations would incrementally contribute to the demand for support
services and, therefore, to the cumulative beneficial and adverse impacts that could be
realized at locations for ports and service bases serving deepwater devel opments.

The potential for any incremental encroachment upon military use areas would
not exist because each of the developments that may be proposed (as many as five
FPSOs) would have to satisfy DoD requirements prior to proceeding.

Trangport of OCS-produced oil to inshore or shore-side facilities would be
accomplished with shuttle tankers rather than oil pipelines. Therefore, oil pipeline-
installation vessel emissions (potentially high but of short duration) would not occur.
Without an oil export pipeline, FPSOs would involve less bottom disturbance activities,
and water quality and marine life impacts, although these effects would otherwise to a
great extent be temporary and of short duration. The need for oil pipeline maintenance
and repair, use of flow assurance chemicals, line replacement activities, the potential
occurrence of leaks and spills, and the eventual abandonment issues, would be
significantly reduced. Consequently, an incremental increase in OCS oil production
would be achieved without otherwise contributing to the cumulative impacts associated
with GOM oil pipeline infrastructure expansion.
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Combined with the emissions of FPSO routine operations, the emissions that
occur during offloading may represent a significant incremental contribution to
cumulative adverse impacts on air quality. Furthermore, additional on-site sources that
would potentialy include dynamic-positioning (DP) stationkeeping, use of attendant
vessels during offloading and/or any MM S-approved flaring, would cause additional
emissions that could exacerbate the degree to which FPSO operations contribute to
cumulative impacts on air quality. The potential for any significant contribution to a
cumulative adverse impact on air quality would be highly dependant on the location of
FPSOs on the OCS, and their proximity to each other, as well as their proximity to other
emissions sources, orientation to sensitive receptors, and meteorological conditions. In
remote areas of the OCS that are distant from the Gulf coast, it is expected that FPSOs
would not result in significant incremental impacts on air quality, because the emissions
would disperse into a substantial volume of the atmosphere. Given the degree to which
offshore development has occurred, and is projected to continue to occur, in the
Mississippi delta area, it is possible that one or more FPSO operations located in the
region could play a role in contributing significantly to cumulative air quality impacts.
For example, the use of one or more FPSOs in the northern portion of the Mississippi
Canyon Area could result in a significant incremental impact on air quality in the Breton
Sound NWA, aClass | area under the Wilderness Act of 1964.

Given the projected increases of imported crude oil and products that will pass
through Gulf ports during the ten-year analysis period, foreign and domestic tanker
transits at these ports may increase from the current 16,334 port transits to between
20,000 and 22,000 port transits annually by 2010. If approved by MMS, the use of five
FPSOs on the OCS would be expected to generate between 365 and 685 shuttle tanker
transits to GOM ports in 2010, and would represent between 1.8 and 3.4 percent of al
tanker transitsin that year.

It is expected that infrastructure and services demands and impacts of routine
operations would increase relative to the total number of expected tanker transits in the
GOM and its ports. The shuttle tanker transits associated with up to five FPSO
operations on the OCS would represent a small percentage of annual tanker transits into
Gulf ports during the ten-year period of 2001 through 2010. Consequently, the
incremental impact of routine operations for FPSO shuttle tankers is not expected to be a
significant portion of the potential cumulative effects.

The projected increase in tanker traffic activity, both in terms of vessel transits
and the total volume of petroleum to be transported in the GOM on an annua basis
during the 2001 through 2010 period, brings with it an increased potential for accidents
and associated oil spills. The projected increase in demand for petroleum products is
expected to continue, and the increase in imports required to meet that demand will be the
principal controlling factor in determining the degree to which oil will be transported to
U.S. refinery ports and terminals by tankers. The annual production rate in the GOM is
expected to remain relatively flat during the ten-year period. FPSO and shuttle tanker
risks are comparable to the existing deepwater production structure and oil pipeline risks,
and, therefore, the net gain in risk would be negligible. Consequently, increases in oil
imports, in the form of increased tanker transits into GOM refinery ports and terminals,
will drive the cumulative increase for risk of oil spills.

14:001000_MMO01_00_03_90-B0266 XX
Exec_Summary.doc-1/4/01



I able of Contents

Section Page
EXECULIVE SUMMAIY ...uuiiiiiiiie et i
Abbreviations and ACroONYMS ........cvieiiiiiiiie e e xliii

1 PropoSed ACTION.....uuiiii e aenaaes 1-1
0 R 1 011 0o (U Tox 1 o o USSR 1-1
1.2 Purpose and Need fOr ACHON.......cccereirerererieere s 1-1
1.3 Basisfor Preparing the DEIS............ooeee s 1-7
14 Description of the PropoSed ACHION.........ccoeereerineereeeese e 1-9

10 5t R o o= (o o 1SS 1-10
142 FPSO System Components and Configuration............cccceeeerereeenenn. 1-10
1421 FPSO DESCIIPLION.....ccueeeieierieeseeesesee e 1-12
1422 Mooring and Stationkeeping.........cccceeeerererererererieenenn. 1-12
1423 SUDSEA SYSLEMS......eeeeeicre e 1-19
1424 Processing SyStems........cccovveerennenecese e 1-21
1425 SLOrage SYSLEIMS......cc.eeieiereeeeee e 1-25
1426 Offloading SYStEMS.........ccvireireereree e 1-26
1427 Shuttle TanKers ..o 1-27
1428 Manning and ACCOMMOdatioNS...........ccocererereererereeenenn. 1-28
1429 Other SYSEMS.......cooieieirere e 1-28
G B @07 - 1o OSSR 1-32
1431 INSEAHELION......covieeiiee s 1-32
1432 Routing OPEerations...........coceveereerererieieseseseseesese e eseane 1-32
1433 DEeCOMMISSIONING......couereeirrerieiereeere e esee e see e see e sens 1-33
15 Regulatory and Administrative Framework ... 1-33
151 Applicable Federal Lawsand PoOlICIES.........ccccoviveininncneeneeee, 1-33
152 MMSRegulatory AULNOIILY ......cccooerrirenerinieere e 1-40
153 Coast Guard Regulatory AULNOIItY........ccoeirererereeieneneeese e 1-44
154 Memorandum of Understanding (MOU) Between
MMS and the Coast GUAId..........cccoerrerererereereres e 1-46
1.6 PUBIICINVOIVEMENL ... 1-46
14:001000 MMOL_00_05_00-T1346 XXi

TOC.doc-01/17/01



Table of Contents (Cont.)

Section Page
2 ABINALIVES ... e 2-1
P20 R = 7= (o | 01U o [OOSR 2-1
211 ldentification Of AItErNALIVES........ccooereierienirerererere s 2-1
2111 Alternatives Analyzed ..., 2-1
2112 Alternatives Considered But Not Analyzed...................... 2-2
2012 ISSUEBS ...ttt ettt e e et e e e e e 2-2
2121 ISSUES ANAIYZEd ... 2-3
2122 Issues Considered But Not Analyzed...........ccoeeverienennee. 2-3
213  Mitigation MEASUIES .......cccoireeeerieiriesieesie ettt es 2-3
2.2 Description Of AILEINALIVES.......ccoeirireereeeees e 2-6
221 Alternative A — Conceptual Approval of FPSOs (The Proposed
o1 o ) S 2-6
222 Alternative B — Conditiona Approval of FPSOs (The Proposed
Action with General Restrictions or Conditions)..........cccceeveeerereeennen 2-6
2221 GeographiC EXClUSION ATE8S........ccoereeererieeneeeesieeeeens 2-6
2222 Stipulations on FPSO Operations..........c.coeeererererieneneenes 29
223  ARErNative C—NO ACHON. ...t 2-9
2.3 Comparison of Environmental IMPactS.........ccoeererreneienensereese e 2-10
3 Description of the Affected Environment..............ooevvveevinnnns 3-1
3.1 Physica Elements of the ENVIrONMENL..........coooiiieenennenecseeeesee e 31
T I R 7= o] oo VOSSR 31
IC T D22 (V1 (= oo [0 |V 37
3 L3 AN QUEIITY ot 3-10
314  Physical Oceanography .........ccccocoeiereiireneneneiesesesesee s sesseseas 317
315 Water and Sediment QUalItY ........ccoooveirererenieiinere e 344
3151 CoaStal WELEN'S......ceeeieeeerierie e 344
3152 Marine Waters (Offshore) ..........ccceveveevennencicneneee, 3-49
3.2 BiOlOgiCal RESOUICES.........ceiueerieieieriees ettt es 3-53
321 Coastal ENVIFONMENES.......cccoiiireiirireireese e 3-53
3211 Coastal Barrier Beaches and Associated Dunes............. 3-53
3212 WELIANGS.......coeoeeee e 357
322  Offshore ENVIroNMENES.......cccoooeiirinieiireesese e 3-60
3221 Water COlUMN.......cooiieee e 3-60
3222 Deep Benthic COMMUNILIES........ccooeveerenreneereseeee, 3-63
3223 TopographiC FEALUNES.........ccocevirereerere e 375
323  MainNeMammalS.......coeiirrirere e 381
3231 Non-Threatened and Non-Endangered Species.............. 3-83
3232 Threatened and Endangered Species.........ccooevvvrrccnnnne. 3-86
324 SEATUMIES ..ot 3-89
325 Coastal and Marine BirdS........ccoccovereirinenereesesee e 393
3251 Non-Threatened and Non-Endangered Species.............. 393
3252 Threatened and Endangered Species..........ccoovvvereennnne. 395
326  FISNRESOUICES.....cceciieeeceieeee et 3-95
14:001000 MMOL 00_05_00-T1346 XXil

TOC.doc-01/17/01



Table of Contents (Cont.)

Section Page
3.3 Other Relevant ActivitieSand RESOUICES ..........ccuveerereeienererese e 3-97
331 Commercial FIShEIES.......cccoiiieiree e 397
3.3.2 Socia and ECONomiC ENVIrONMENLt .........cccoererereeenereeeniereseseeenenne 3-105
3321 Ol AN GBS....cveveeieeieiireers e 3-105
3322 Population, Labor, and Employment ..........ccccceeennee. 3-107
3323 Public Services, Infrastructure, and Land Use Plans.... 3-165
3324 Sociocultural Issues and Environmental Justice........... 3174
3.3.3 Recreational Resources and Beach USe.........cccceeeenevnieneccncniecen, 3-175
334 Cultural RESOUICES........cccoiriierierieerierese st 3-179
335 Other USES.....ooceeceeee ettt 3-179
4 Environmental Consequences, Cumulative Effects, and
AV T AT = A o o PO SUUPPPPUPRRPR 4-1
4.1  Impact-ProduCing FACLOIS ........cccooiireereieesees e 4-1
g g R 1 01 = 1 = 4 oo RS 4-1
4111 Construction and Precommissioning ........cccceeeeeerererenens 4-1
4112 ANCROMNG. ..o 4-3
4113 Manifold Installation..........cccccevevevevieieeeeeeeee e 4-7
4114 Flowline and Gas Export Line Installation........................ 4-7
4115 Umbilical Installation...........cocoovirrieninreneeeeneese e 4-8
4116 FPSO Tow and HOOKUP .........ccvirireneerenecreee e 4-9
4117 Riser and Gas Export Line HOOKUP .......cccceeerereeeriniennenns 4-9
4118 LOgistiCal SUPPOIT........ccoerererieeriereresie e 4-9
4119 Nature and Scope of Potential Impact-Producing Factors
by Resource Being Affected ..., 4-10
412 ROULING OPEIaliONS.......cerueeeierieeriesieesie st es 4-13
4121 Production Processing and Maintenance............ccocuc..... 4-15
4122 Power Generation, Pumps, and Compression................ 4-16
4123 Well Control and Maintenance............ccocevrereeereneecnnn. 4-16
4124 Gas Compression and EXPOrt........cccoeeererereneeienenenenens 4-20
4125 Produced Water, Domestic and Sanitary Waste,
Miscellaneous Discharges, and Solid Waste................... 4-20
41.2.6 LOgistiCal SUPPOIT.......ccoeeriereeerieiresee e 4-23
4127 Storage OPErationsS.........cceereeriererereeeseeses e sessesens 4-24
4128 FPSO Offloading and Shuttle Tanker Operations........... 4-24
4129 Underwater OBSLIUCLIONS .........ccceeerereeerenrerieese e 4-25
41.210  Nature and Scope of Potential |mpact-Producing
Factors by Resource Being Affected.........cccoeererienneee. 4-27
413 DEeCOMMISSIONING ....cccreirireririereresieeseseeessesesseseeessesessessesessessenesseses 4-32
4131 Riser REMOVAL.........ccoeiieiececceeee e 4-33
4132 Mooring Spread Removal ...........cccooevevnennencieneseee, 4-35
4133 FPSO REMOVAE ..o 4-35
4134 Flowline, Umbilical, Gas Export Line, and
Manifold Abandonment...........ccoooveveininniencineeee, 4-35
14:001000 MMOL 00_05_00-T1346 Xxiii

TOC.doc-01/17/01



Table of Contents (Cont.)

Section Page
4135 LOgistiCal SUPPOIT......cooeerereeereeeresee e 4-35
4.1.3.6 Nature and Scope of Potential Impact-Producing

Factors by Resource Being Affected.........cccoceevenieneneee. 4-36
4.2 Cumulative Impact-Producing FaCtors..........cccvereerenneneiesenese e 4-39
421 OCSand Other Offshore Oil and Gas Development Activities......... 4-40
4211 Drilling ACHVITIES......coeeeieereeere e 4-41
4212 Production FaCilitieS.......ccccoeveieieeieeeceee e 4-41
4213 PIPEIINES ..o 4-42
4214 Ports and ServicesS Bases.........cocvveeeeeecieeieeieeieeieeeeeeas 4-44
422  Other Mg or ACHVITIES.......ccueireerisieesesie e 4-45
4221 Marine Transportation SyStems..........cccoeveererererieennnn. 4-45
4222 Dredging and Dredged Material Disposal ...........ccceuee.. 4-46
4223 Louisiana Offshore Oil POrt ..........ccccoeveveveeiieciccececene 4-47
4224 Military ACHVITIES.......cocveeeieececeeee e, 4-47
4225 Artificial Reefs and Rigs-to-Reefs Development............ 4-49
4.3 Environmental Impacts of the Proposed Action—Routine Operations.......... 4-49
G 30 R 1 011 o [1Tox £ o o 1S 4-49
432 A QUAIILY oo e 4-51
4321 MeteorologiCal Data.........ccoeveereerererieierenerese e 4-57
4322 Land Mass Configuration and Receptors............ccocue.... 4-57
4323 Source Parameters and Emission Rates............ccceeuee.... 4-58
4324 Model OPLIONS........ccoiriirerreree e 4-58
4325 Model Results and IMpacts...........ccoveeerenerenenererieeenn. 4-58
433 Water and Sediment QUATILY .......ccooveererinienerneriees s 4-65
4331 OffSNOTE.....eee 4-66
4332 COBSEA ... s 4-84
434 Coastal ENVIFONMENLS........ccccoieiieieieicieeeeeeee e 4-87
434.1 Coastal Barrier Beaches and Associated Dunes............. 4-87
4342 WELIANAS.......ccecieccc e 4-93
435  Offshore ENVIrONMENtS.......ccccoeieeieieeiecicieeeeeeeeeeee e 4-96
436 MarineMammMalS.......ccccieieiiicieceee e 4-103
437  SEATUMIES ..ot 4-112
438 Coastal and Marine Birds..........ccoeveeeeieeieeiececeeeceeeeeeee e 4-121
439  FISNRESOUICES.......cecieieeeeeeeee ettt 4-128
4310 Commercial FISNEIIES......ccouciiieiceeeeeeeeee et 4-135
4311 Socia and Economic ENVIronment ...........cccceveeeeieeieeieerecseeseeseeseenens 4-141
4312 Recreational Resourcesand Beach Use..........ccccoevveieeciccecccccicnne, 4-147
4,313 Cultural RESOUICES.......cccieieieeeieeeeeeeeee e e ss e se e e 4-151
4314 OthEr USES.....c.ociciceceeieeee ettt 4-153
4315  MITIQAHION ..ottt e e 4-156
43151  INrOUCLION.......cceeeieieiececeeee s 4-156
43152  AIr QUALY..occeeeeeceeeeeceeee s 4-156
43153  Water and Sediment Quality........c.cccceeereierennienenerenas 4-156
43154  Coastal ENVIrONMENLS........ccoeeveeeeeieieeeeeeeeeeeeeenes 4-157

14:001000_ MMO1_00_05_00-T1346 XXiv

TOC.doc-01/17/01



Table of Contents (Cont.)

Section
43155  Offshore Environments........cccccevveececiee e cceeccee s
4.3.15.6 Marine MammalS.........cccveieeieecieccee e
43157  SEATUMIES.....ooeeecece et
4.3.15.8 Coastal and Marine BirdS........cccccoeveeccecveeciecreecreene,
4.3.159 Fish RESOUICES.......oeeceeececeece ettt
431510 Commercial FIShErEs. . ....coocvieceeiececcee e
431511 Socia and Economic Environment ...........ccccoeeeveeueneee.
431512 Recreational Resourcesand Beach Use.........................
4.3.15.13 Cultural RESOUICES.......ceeceectectie et
431514 Other USES....coioeeieceeeteceeeeete ettt st
4.4 Environmental Impacts of the Proposed Action —

Accident/UpPSet (Ol SPIT) ...ceeeeeeeeseree e

o R S QAN S =S 1 1< |
4411 \V/T= 15 70T0 (o] Lo e |V 2SS
4412 Results of the Oil Spill Frequency Analysis..................
4413 Risk Management ...........ccoevreneeneneneseesesee s
4414 Consideration of Optionsto the Base Case...................

442 Oil Spill Risk Analysis (OSRA) Model and Open-Ocean
Oil-Weathering MOEIS .......ccoveirieeeree e
4421 Description of MOdES........ccoooiveinenrireereeeeene
4422 \V/I= 15 70T0 (o] oo |V
44.2.3 RESUITS.....cveecece et s

443 Oil Spill Response Capability ASSESSMENt........ccoeererererieicrieserenens
4431 (@Y7 A/ 1= Y
4432 Assumptions and Methodology ........cccceceeevenrereccnine.
4433 RESUITS.....cveeece et
4434 Discussion of FINAiNGS.......ccccooereerenereneieneneseseesiens
4435 SUMMEBIY ..ot

444  Impacts and MitiQatioN.........ccceeeererieerererese e
4441 AT QUAIITY ..o
4442 Water and Sediment QUality ........ccoceevereierenercseicneene
4443 Coastal ENVIFONMENES.......ccoeeieiiiieiiececcreecee e
4444 Offshore EnVironments.........ccceeveeeeecceccee s
4445 Marine MammalS.........cccveieeiieciiccee e
4446 SEATUMIES. ...
4.4.4.7 Coastal and Marine BirdS.........ccccoevevcceeieeciecceccveene,
4448 FisSh RESOUICES.......oeeieeece ettt
4449 Commercial FISEMES......ooeeieiceeceece e
44410  Social and Economic Environment...........cccceeeeeeeinnnne.
44411 Recreational Resourcesand Beach Use.............ccueuee.
44412 Cultural RESOUICES........cccviieteeceiceteeceece et
44413  Other USES.....ooceiiceeeceictiece ettt st s
44414 MItIQAION ..o

14:001000_ MMO1_00_05_00-T1346 XXV

TOC.doc-01/17/01



Table of Contents (Cont.)

Section Page
45 CUumMUIEiVe IMPAECES ..eoeeiieeieierieesieese e 4-320
451 FPSO Installation, Production, DeCOmmissSioning........ccccccceereruennes 4-321
452 FPSO System Oil Storage, Offloading, and Transportation............. 4-322
4521 FPSO System Oil Storage.......coceevveverereieneneereenienes 4-322
4522 FPSO Offloading and Transportation..............c.cccceeeeeene. 4-323
453 Cumulative Impacts (by Resource Category).......ccoerererererererenens 4-325
4531 Coastal Barrier Beaches...........coooceeeveeececeeececeee, 4-325
453.2 WEHANAS......coeececeeceece et 4-326
4533 Benthic COMMUNITIES........coeeeeeiiecieeceececcee e 4-326
4534 TopographiC FEALUNES........cccoerierereeeeeees e 4-326
4535 Water QUAlITY .....coveeeeceeeeeeeeee e 4-327
453.6 Environmental Contamination...........ccccceeeeeereeeeeveeneenee. 4-329
4537 AT QUAIITY ..o 4-329
4538 Marine MammalS.........cccveieeieecieecee e 4-329
4539 SEATUIIES. ... 4-330
45310 Coastal and Marine Birds.........cccccceeveveceecececcieceee 4-330
45311  FISNEMES. .o 4-331
45312 Recreational BeaCh USe.........ccoocieiieviiecicceecee e 4-331
453.13 HiStOrC RESOUICES.......ccveiviecieectecctee et 4-332
45314 PrehiStoric RESOUICES........ccccveecvieiiecee et 4-332
45315  SOCI0ECONOMIC SYSIEMS....c.coviieririeirerieesee e 4-333
4.6 ENVIFONMENTAl JUSLICE. ......ooiieeiceiectecctie ettt be e s aee s 4-334
4.7 Unavoidable Adverse Impacts of the Proposed ACtion...........cccceeveereerenennee 4-335
A R 10 = = o] [ 4-335
4711 AT QUAITY ... 4-336
4712 Water and Sediment QUality ........ccoceevereienenenieseicniene 4-336
4713 Offshore EnVironments.........cceeveeeeeecceccee s 4-336
4714 Marine MammalS..........ccveeeeiieciiciee s 4-337
47.15 SEATUIIES. ...t 4-337
47.1.6 Coastal and Marine Birds.........cocceeeeeececceececeecreee, 4-337
472  ROULING OPEIatiONS.......ouerieeriirieiriereeesiesese st see e ssesesseseas 4-338
4721 AT QUAIITY ..o 4-338
4722 Water and Sediment QUality ........ccoceevereienenericneneneenes 4-338
4723 Coastal ENVIFONMENES.......ccoueieicciieieecre e 4-338
4724 Offshore EnVironments.........cceeveeceecceccee s, 4-339
4725 Marine MammalS.........ccoveieeieecieciee e 4-339
47.2.6 SEATUMIES. ... 4-340
4.7.2.7 Coastal and Marine Birds........ccoceeeeeevecceececceecreee 4-340
4728 FisSh RESOUICES.......oeeieeececeece ettt 4-340
4729 Commercial FIShENES........cooviceicciiciececcee e, 4-341
473 RaNge Of OPLIONS.......cccccoiiiiriirieiereriees e 4-341
4731 AT QUAITY ..o 4-341
4732 Water and Sediment Quality — Coastal ..........ccceeenee. 4-342
4733 Offshore EnVironments.........ccceeveeeceecceccee e, 4-342
14:001000_ MMO1_00_05_00-T1346 XXVi

TOC.doc-01/17/01



Table of Contents (Cont.)

Section Page
4734 Marine MammalS.........cccooeveieveieeseee e 4-342
4735 SEATUIIES. ... 4-342
4.7.3.6 FiSh RESOUICES.......cveieieeeieieeee e 4-342
4.7.3.7 Commercial FIShENes......cccocveieieeicceeecee e 4-343
4738 Social and Economic Environment ...........ccccceeeveeeenenne. 4-343
4739 Recreational Resources and Beach Use......................... 4-343
474  DECOMMISSIONING ...cocuriruirreerrerieeriereseseesesseseeessesessessesessessssessesesseseas 4-343
4.74.1 Water and Sediment QUality ........ccoceevereierenercseicneene 4-344
4742 Marine MammalS.........cccooeveieieieieee e 4-344
4743 SEATUIIES. ... 4-344
4.8 Irreversible and Irretrievable Commitment of Resources................. 4-345
4.9 Relationship Between the Short-term Use of the Human
Environment and the Maintenance and Enhancement of
LoNg-term ProdUCIVILY ........coererereereneeeseese e 4-345
5 Consultation and Coordination........ccccceeeevviiiiiiieeceiice e 5-1
51 The SCOPING PrOCESS......ccccciiiririirieiriesieesiesese s sesie st see e se st e s e ssns 51
511 The Scoping MEEIINGS .....ccccurueirirerereire s 52
512 Publicand Agency COMMENES........ccccorirrerenerienenereses e e eseenes 52
513 Scoping RESPONSE LEENS......c.coiererieireee e 53
5.2 AQENCY CONSUITALTON .....cveuiiieeieieieie et 54
5.3 Distribution of the DEISfor Review and Comment.............cccceveveveeieeiceeenenne. 55
54 PUBICHEAINGS ..ot 5-10
55 Magjor Differences Between the DEISand the FEIS...........ccocooeiiiniinicnnnne 512
56 Written Commentsto MMS on the DEIS, and MM S Responses................... 512
6 RETEIENCES ..o 6-1
7 LISt Of PreparersS. ... et 7-1
8 GlOSSANY ittt 8-1
Appendices
A Memorandum of Understanding Between the Minerals Management
Service and the United States Coast Guard
B United States Coast Guard Correspondence Regarding the EIS
14:001000 MMOL 00_05_00-T1346 XXVil

TOC.doc-01/17/01



Table of Contents (Cont.)

Section Page
Appendices
C MMS Notice of Intent to Prepare EIS; Letters Received During Public

Scoping for EIS; and Fact Sheet

D MMS Consultation with the National Marine Fisheries Service and United
States Fish and Wildlife Service

14:001000 MMOL 00_05_00-T1346 XXViii
TOC.doc-0L/17/01



Ijt of Tables

Table Page
1-1 Manning of the Base-case SCenario FPSO ... 1-33
1-2 Issues |dentified During the Public Scoping Period for the EIS............ccccoonienneee. 1-50
2-1 [SSUES ANBIYZEM........ceieeie ettt sttt b e ene e 2-4
2-2 Issues Considered But NOt ANAIYZE ... 2-5
2-3 Comparison of Environmental Consequences of Alternatives..........cccooeveeeveecnnene 2-11
31 Engineering Constraints and Possible Geohazards of Intraslope Basins

=0T @220V 0 1 TSR 3-8
32 Coastal GUIT ClIMELE DELA.........cceeeriereeerieeresieesie s sae e es 311
33 GUIT OFfSNOTE BUQOY Dala........cceeueeeerieieenieisiesie e 313
34 National Ambient Air Quality Standards (NAAQS), PSD Increments, PSD

Significant Emission Rates, and Modeling Significance Levels..........ccoveeeveenene. 314
35 Significant Impact LevelSfor Air EMISSIONS .......ccoouviirereneneieseesesee e 3-18
3-6 Water Masses in the Gulf of Mexico, Associated Property Extremes, and

Potential DENSITIES........coiiiieiciceceeee ettt 322
37 Type and Status of Coastal Landforms Seen in the Central and Western

GUIT Of MEXICO ...ttt e e e e e e e ennan 3-55
3-8 Bays, Estuaries, Lagoons, Sounds, and Coastal Wetlands of the Central and

WeStern GUIT Of MEXICO ......cveieieieieiesieeee ettt 3-58
39 Sites Where Chemosynthetic Megafauna Have Been Collected in the

Central and Western GUIf Of MEXICO .......coeverierieirirereerere e 3-76
14: 001000 MMOL_00_05_00-T1346 XXiX

LOT_LOl.doc-01/17/01



List of Tables (Cont.)

Table

3-10

311

3-12

3-13

3-14

3-15

3-16

317

3-18

3-19

3-20

321

3-22

3-23

324

3-25

3-26

3-27

3-28

3-29

3-30

02: 001000_ MMOL_00_03 90-B0266

Biotic Zones on Topographic High Features in the Gulf of Mexico............ccuc.......
Marine Mammals of the GuIf Of MEXICO ........coeirreiriricerreeee e
Sea Turtles of the GUIT Of MEXICO ........c.ceoiiiiireeee s
Seabirds of the Offshore Waters of the Gulf of MeXiCo..........ccccvreineciniccienines
Dollar Vaue of Degpwater Species Landed off Gulf Coast Statesin 1998...........

Weight (metric tons) of Deepwater Species Landed off Gulf Coast States
TNTLO08B..... ettt R et A et e et R e et et ne et tenens

Managed Species for Which Essential Fish Habitat has been Identified in the
Central and Western Gulf of MEXICO ........cceveiieiiiieieeeeeee s

Decennial Census Population Figures and Percent Change for Coastal
COMMULEING ZONES......ccuiiiuirieiriesieesieseee st e e e sas e sse e sesse e sesessessesessessenessesenseseas

Genera Socioeconomic Profile of the Gulf Coast Region ..........cccoceevverncniecnnnne.
Socioeconomic Profile of the Brownsville Labor Market Area.........ccocooeevveeennee.
Socioeconomic Profile of the Corpus Christi Labor Market Area...........ccccoeuenee.
Socioeconomic Profile of the VictoriaLabor Market Area.........ccccoeeeveveecriccnnne
Socioeconomic Profile of the Brazoria Labor Market Area.........cooooevvereeeniecnnene
Socioeconomic Profile of the Houston-Galveston Labor Market Area..................
Socioeconomic Profile of the Beaumont-Port Arthur Labor Market Area.............
Socioeconomic Profile of the Lake Charles Labor Market Area...........cccccovveenenee.
Socioeconomic Profile of the Lafayette Labor Market Area.........ccccovevevenecnnnne.
Socioeconomic Profile of the Baton Rouge Labor Market Area..........ccceevveenenee.
Socioeconomic Profile of the Houma Labor Market Area.........ccoooveeveieneniccnnnne
Socioeconomic Profile of the New Orleans Labor Market Area.........c.ccoeevveeennene.

Socioeconomic Profile of the Biloxi-Gulfport Labor Market Area...........cccoeueeeee.

XXX

LOT_LOl.doc-01/17/01



List of Tables (Cont.)

Table

331

3-32

3-33

3-34

3-35

3-36

3-37

3-38

3-39

02: 001000_ MMOL_00_03 90-B0266
LOT_LOl.doc-01/17/01

Page
Socioeconomic Profile of the Maobile Labor Market Area..........cccooveevenincnieccnnnne. 3134
Summary of Recent Population Trends (1980-1995) and Population
Projections for the Gulf Coastal Commuting Zones and the Four-state
RegioNn (2000-2020) ......cceurueireereerieeessesesessesesessesesesseesessesesessesesessesesessesessssesessesenens 3-139
Recent Population Trends and Future Population Projections for Each of
the 13 Coastal COMMULING ZONES........cuieiririeererieesie e es 3-143
Summary of Recent Labor Force Trends (1980-1995) and Projections for the
Gulf Coast Commuting Zones and the Four-state Region (2000-2020) ................. 3-153
Summary of Labor Force Historical Trends and Future Projections for the 13
Coastal COMMUEING ZONES .......ccueeruerieerieereseesesesesseseesesesee e e sesse e essesseessesesseseas 314
Summary of Employment by Industry Projections for the Gulf Coast Region,
2000-2020.......c0eteeetereeeeieeseetee sttt ettt et et e et ae et se et se e sese e nsenan 3-166
Summary of Future Projections for Employment Within the 13 Coastal
Commuting ZoNnes, 2000-2020 .........cceoerererierieresereeeseeresesiees e see e sesseseas 3-167
Summary of Magjor Recreational Areasin the Coastal Zones of Texas,
LouiSiana, and MiSSISSIPPI ..cveeruereeerierererieeriesesseseesessesesessesessesseessesessessssessessssessens 3-176
Nineteenth- and Early Twentieth-Century Shipwrecksin Deepwater Blocks........ 3-180
World War 11 Shipwrecks Sunk in Over 200 Meters (656 Feet) of Water .............. 3181
Impact Producing Factors Versus Resources Potentially Affected by
[ S @ N 101 = = 1 o S 4-11
Air Emission Levels During FPSO INStallation ..........ccocoiereienennenecsesecsieseeeeas 4-12
Manning Levels and Duration of Installation ACtVItIES..........ccooereereinieneicnerenenns 4-14
Estimated Type and Volume of Chemicals Used for Well Control
and Maintenance and FIOW ASSUIaNCE .........ccereerereririeresesie s es 4-21
Solid and Liquid Wastes Estimated for FPSO Operations, Exclusive
Of ProdUCEA WELEY ........c.ooeeeeeeceeee ettt 4-22
Estimated Offloading Events and Shuttle Tanker Transitsto Port for
the Base-Case SCenario FPSO ...t 4-26



List of Tables (Cont.)

Table

4-7

48

49

4-10

4-11

4-12

4-13

4-14

4-15

4-16

4-17

4-18

4-19

4-20

02: 001000_ MMOL_00_03 90-B0266

Page
Summary of Projected Air Emissions for Routine FPSO Operations
by Equipment and DULY CY ..o 4-28
Estimated Emissions for Base Case Scenario Shuttle Tanker While Offloading
o S S S 4-30
Impact Producing Factors Versus Resources Potentially Affected by
FPSO DeCOMMISSIONING.....ccuiieiuirieirierieiriereseseeestesesessesesseseeesse e e seesesseseesessesessesens 4-37
Air Emission Levels During FPSO DeCoOmMMISSIONING ......coueerverererieirenesesienesienens 4-38
Projected (Estimated) Number of Deepwater Devel opments (* Start-ups’)
DY Y B ...ttt 4-43
Significant Impact LevelSfor Air EMISSIONS .......ccoouvrirerererieieseese e 4-52
Summary of OCD Modeling RESUILS..........cccoireirirereree s 4-54
Summary of FPSO Emissions-Producing Equipment and Corresponding
SEACK ParaMELEN'S ..ottt 4-59
Summary of OCD Modeling OPLiONS.........ccccoureererrerererese s 4-60
Estimated Quantities of Treated Sanitary Wastes and Domestic Wastes
that will be Discharged from Support Vessels During the Commissioning
Phase at the FPSO Site and in Transit Between the FPSO Site and the
SNOFEDASE........eee s 4-67
Estimated Quantities of Bilge Water that will be Discharged from Support
Vessels During the Commissioning Phase at the FPSO Site and in Transit
Between the FPSO Site and the Shorebase ... 4-68
Published Concentration Ranges of Several Classes of Naturally-occurring
Organic Compounds in Produced Water from the U.S. Gulf of Mexico.................. 4-70
Concentrations of Benzenes, Toluenes, Ethylbenzene, and Xylenesin
Produced Water Samples Collected at Four Platformsin the Gulf of Mexico
and in Ambient Water Samples Collected at Least 2,000 m from the Four
PLAIT OIS, ...ttt e e e e e e ens 4-71
Concentrations of Polycyclic Aromatic Hydrocarbons in Produced Water
Samples Collected at Four Platformsin the Gulf of Mexico and in Ambient
Water Samples Collected at Least 2,000 m from the Four Platforms....................... 4-73

XXXIi

LOT_LOl.doc-01/17/01



List of Tables (Cont.)

Table

4-21

4-22

4-23

4-24

4-25

4-26

4-27

4-28

4-29

4-30

4-31

4-32

4-33

02: 001000_ MMOL_00_03 90-B0266

Page
Ranges of Polycyclic Aromatic Hydrocarbon Concentrations in Produced
Water Samples Collected at Two Discharging Platformsin the Gulf of Mexico
During Two Separate Surveysin Spring and Fall 1995...........cccoriviinieneinenenens 4-74
Concentrations of Metalsin Produced Water Samples Collected at Four
Platformsin the Gulf of Mexico and in Ambient Water Samples Collected
at Least 2,000 m from the Four Platforms and at Four Reference Sites................... 4-75

Ranges of Mean Concentrations of Arsenic, Barium, Cadmium, and

Mercury in Produced Water Samples Collected at Two Discharging Platforms

in the Gulf of Mexico and in Ambient Water Samples Collected at L east

2,000 m from Two Discharging and Two Non-discharging (i.e., Reference)
Platformsin the Gulf of Mexico. Sampleswere Collected During Two Separate
Surveysin Spring and Fall 1995..........oor s 4-76

Estimated Daily Discharges of Sanitary, Domestic, and Bilge Water Wastes
from an FPSO, Shuttle Tanker, and Supply Boats During Routing Operations...... 4-79

Estimated Quantities of Treated Sanitary Wastes and Domestic Wastes that
will be Discharged from Support Vessels During the Decommissioning
Phase at the FPSO Site and in Transit Between the FPSO Site and the

Estimated Quantities of Bilge Water That Will be Discharged From Support
Vessels During the Decommissioning Phase at the FPSO Site and in Transit
Between the FPSO Site and the Shorebase. ... 4-82

Type and Status of Coastal L andforms Present Near Proposed Shuttle
TANKES POIES.....ccueeceececteee ettt ettt e s te et e e beeaesaeesesaeensesseesesaeensesneensens 4-89

Minimum and Maximum Number of New Harbor Transits Per Y ear

Considering the Range of FPSO OpPeralions..........cccuereerererienienesesesieseseseseesessenes 4-90
Types of Bays, Estuaries, Lagoons, Sounds, and Coastal Wetlands Resources

Seen in Proposed Destination Ports for FPSO Shuttle Tankers.........coceevveeeeeenen. 4-94
ldentified HAZards ..........cccoveieieeceeeeee ettt 4-164

Fregquency of Oil Releases by Release Size due to Unique FPSO Accidents......... 4-170

Oil Spill Frequencies for Unique FPSO Risks, per Y ear by Hazard

Feasible Risk Mitigation MEASUIES..........cccourerrerieeresie et 4-175

XXXili

LOT_LOl.doc-01/17/01



List of Tables (Cont.)

Table

4-34

4-35

4-36

4-37

4-38

4-39

4-40

4-41

4-42

4-43

02: 001000_ MMOL_00_03 90-B0266
LOT_LOl.doc-01/17/01

Qualitative Effect of FPSO Design Options on Oil Spill RisK........cccccveiviriecnnene. 4-180

Select Launch Points for Modeled Qil Spills from Offshore FPSOs or
From Shuttle Tankers Trangporting Crude Oil from FPSOsto Shore.................... 4-199

Physical and Chemical Characteristics of Two Crude Oils Modeled with
the Open-Ocean Oil-Weathering MOdel ..o 4-202

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Corpus Christi Lease Area, at

Location CC2, and Continuing for 3, 20, or 30 Days May Contact Different
Environmental Resourcesin the GuIf of MEXICO ........ccccvevrereicnenneseeresie e, 4-204

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Alaminos Canyon Lease Area, at

Location AC3, and Continuing for 3, 20, or 30 Days May Contact Different
Environmental Resourcesin the GuIf of MEXICO .......cccccverrireinenineseeree e, 4-205

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Keathley Canyon Lease Area, at

Location KC5, and Continuing for 3, 20, or 30 Days May Contact Different
Environmenta Resourcesin the Gulf of MeXiCO.........ccocvveveeeecciccecciccecececeee 4-206

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Green Canyon Lease Area, at

Location GC1, and Continuing for 3, 20, or 30 Days May Contact Different
Environmental Resourcesin the GuIf of MEXICO ........ccccvevrereineninese e 4-207

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Green Canyon Lease Area, at

Location 6CC, and Continuing for 3, 20, or 30 Days May Contact Different
Environmental Resourcesin the GuIf of MEXICO .......cccccvevrireienenneseeree e 4-208

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Mississippi Canyon Lease Area, at

Location MC1, and Continuing for 3, 20, or 30 Days May Contact Different
Environmental Resourcesin the Gulf of MeXiCO ........ccccverrireinennicnereresie e, 4-209

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Atwater Valley Lease Area, at

Location AT5, and Continuing for 3, 20, or 30 Days May Contact Different
Environmental Resourcesin the GuIf of MEXICO ........ccccverrereineninereeseie e 4-210

XXXV



List of Tables (Cont.)

Table

4-44

4-45

4-46

4-47

4-48

4-49

4-50

4-51

4-52

02: 001000_ MMOL_00_03 90-B0266

Page

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting in the Tankering Route of the West Cameron

South Lease Area, at Location T17, and Continuing for 3, 20, or 30 Days May

Contact Different Environmental Resources in the Gulf of Mexico..........c.ccc........ 4-211

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting at Eight Offshore Launch Point Locationsand
Continuing for 30 Days May Contact Different Offshore Areasin the Gulf of

1Y (o TSRS 4-214

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting at Seven Possible FPSO Locations and a

Single Tankering Location in Different Seasons May Contact Texas State

Offshore Waters Within 30 DayS........ccccuveererireneienesesesie s es 4-216

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting at Seven Possible FPSO Locations and a

Single Tankering Location in Different Seasons May Contact Louisiana State
Offshore Waters Within 30 DaysS........cocueeirerireneienesisesie s es 4-217

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting at Seven Possible FPSO Locations and a

Single Tankering Location in Different Seasons May Contact the Western

Winter Menhaden Spawning Grounds Within 30 Days.......c.ccoceeverrienerencnieenenn. 4-218

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting at Seven Possible FPSO Locations and a

Single Tankering Location in Different Seasons May Contact the Central

Winter Menhaden Spawning Grounds Within 30 Days.......c.ccoceeverrieneiencnincnnn. 4-219

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model

Output) that an Oil Spill Starting at Seven Possible FPSO Locations and a

Single Tankering Location in Different Seasons May Contact the Flower

Garden Banks National Marine Sanctuary Within 30 Days........c.ccoceererrieriencnnene. 4-221

Equidistant Land Segments (as Used in the OSRA Model Analysis) and
Corresponding County/ParisSh NamMES..........cccerrirririneresees e 4-222

Conditional Probabilities Greater than One Percent of Oil Content with

Equidistant Land Segments Within 30 Days of Spillsfrom FPSOsin 10
Offshore Areas of the GUIT Of MEXICO ......c.cveiiirieiree s 4-233

XXXV

LOT_LOl.doc-01/17/01



List of Tables (Cont.)

Table

4-53

4-54

4-55

4-56

4-57

4-58

4-59

4-60

4-61

4-62

4-63

51

02: 001000_ MMOL_00_03 90-B0266

Page

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model
Output) that an Oil Spill Starting at Eight Offshore L ocations and Continuing
for 30 Days May Contact Different Land Segmentsin the Gulf of Mexico........... 4-235

Conditional Probabilities (Expressed as Percent Chance, from OSRA Model
Output) that an Oil Spill Starting at Eight Offshore L ocations and Continuing
for 20 Days May Contact Different Land Segmentsin the Gulf of Mexico........... 4-237

Spill Frequency (Spills/Y ear) from all FPSO-Related Sources, from the
FPSO, from Shuttle Tankers in Shipping Lanes, and from Shuttle Tankersin
(OF NEA) POI ...ttt ettt ne e 4-238

Probability-Weighted Frequency (Conditional Probability x Frequency) of Oil

from a 1,000-bbl or Larger Spill from a FPSO in Two Offhshore L ocations

Contacting Offshore Resources or Equidistant Land Segments within Three

Days Of the SPIll ... 4-240

Properties of Viosca Knoll 990 Crude Oil During On-The-Sea Wesathering
FOr DIffEreNt TIMES ..o 4-243

Properties of Mississippi Canyon 807 Crude Oil During On-The-Sea
Weathering for DIfferent TIMES.........ccveeineirere e 4-244

Decline in Concentrations of Monocyclic Aromatic Hydrocarbonsin Viosca
Knoll 990 Crude Oil During Evaporative Weathering...........cccoceerenrenenencsiecenenn. 4-246

Decline in Concentrations of Monocyclic Aromatic Hydrocarbonsin
Mississippi Canyon 807 Crude Oil During Evaporative Weathering...................... 4-247

Mass Fraction of Two Gulf of Mexico Crude Oils Lost from Surface Slicks
During Weathering of the Sea Surface of Different Volumes of Spilled Qil .......... 4-253

Estimated Volume (in Barrels) of Oil Contacting Offshore Resources and
Shoreline Segments at 3, 20, and 30 Days After Spills of Different Volumes
of Two Crude Qilsfrom an FPSO or Shuttle Tanker ...........cccoovevveveeieececcceceeeene, 4-254

Summary of Coastal Communities and Impact Sensitive Employment
Sectors Potentially Affected by an Oil Spill from FPSO Operations...................... 4-311

Distribution of the DEIS for Review and COmMMENT ..........oooeeeeeeeeeeeeeeeeeee e 5-6

XXXVI

LOT_LOl.doc-01/17/01



I ist of Illustrations

Figure Page
1-1 Outer Continental Shelf of the U.S. Gulf of MEXICO.........cceivrieiirciccrceee 1-3
1-2 Extent of Oil Pipeline Infrastructure in the U.S. Gulf of MeXico .......cccccvvrrvrieennnne 1-5
1-3 Areas Under Consideration for Use of FPSOS...........cccoiiiiicinnccceeeee 1-11
1-4 Example of a Ship-Shaped FPSO with a Fixed Mooring System..........ccccccveererenes 1-15
1-5 Example of @ SPAR FPSO ...t 1-17
1-6 Schematic of Base-Case SCenario FPSO ... 1-18
1-7 Example of a Turret-Moored FPSO System Configuration ............c.cceeeeveeerererenens 1-19
1-8 Examples of Various FPSO Turret Configurations............ccoeeevereereneseneesesesesenens 1-21
1-9 Schematic of Base-Case SUDSEA SYStEM ... 1-23
1-10 Detailed Illustration of Example Turret and Swivel Stack Assembly ... 1-25
1-11 FPSO Tandem Offloading Configuration............cccoeererreneienensesee e 1-29
2-1 Lightering-Prohibited Areasin the Gulf of MeXiCO.........cccverrieneiniinereeeeee 2-7
31 Location of salt and major faults on the continental margin, northwestern Gulf

of Mexico (Modified from: Rawan et al., 1999).........ccccoirrerenrinereesese e 33
32 Bathymetry map of the northwestern Gulf of Mexico (Modified from:

Bryant et al., 1990) .......ccooeirirrerereresie et e 35
33 Coastal and offshore weather data points discussed intext ..........ccovevriereriereiennene 312
3-4 Ozone nonattainment areas as of October 2, 1997 ... 3-15
14: 01000_MMr 0005 00-T1346 XXXV

LOT_LOl.doc-01/17/01



List of lllustrations (Cont.)

Figure

35

3-6

3-7

3-8

3-9

3-10

311

3-12

3-13

314

3-15

14: 001000 MMOL 00 05 00-T1346

Page
Class| air quality areasin proximity to the U.S. Gulf coast (Modified from:
USFWS, 2000) ......c0cieeieeirieiesisesiesesesieesessesesessssessssesessssesessssesessssessssssessssssessssesessssssenens 3-19
Geopotential anomaly (dynamic m) of the sea surface relative to the 1000-db
surface, constructed from Hidalgo cruise 62-H3 data collected February-
MAICH 19682 ...ttt 3-20
Temperature vs. salinity, temperature vs. depth, and salinity vs. depth based on
all data collected during Hidalgo cruise 62-H3, February-March 1962.................... 3-23
Temperature vs. salinity, temperature vs. depth, and salinity vs. depth for two
stations made in early May 1993 over the continental slope off Texas.........c.cc.c...... 3-25
Horizontal current vectors (hourly values from 3-hr low-passed records) during
late August 1992 from two locations (200 m and 504 m) off Louisiana at
approximately long. 90.5°W on the shelf edge and upper slope.........ccoveeereeennene. 3-27

Components (u positive to the east and v positive to the north) of hourly
currents measured at indicated depths on moorings S (lat. 26° N, long. 96°10' W)
and C (55 km north of S), with both moorings at approximately 730-m water

Eastward (u) and northward (v) components of currents (hourly values from

3-hr low-passed records) from moorings located off Louisiana at approximately

long. 90.5°W. Moorings 12 and 13 were located in water depths of 504 and

200 M, FESPECLIVEIY ...ttt a e es 3-30

Eastward (u) and northward (v) components of currents from 3- to 40-hr
band-passed records made in July and December 1992 at Mooring 10, located
off Louisianaat lat. 27.94°N, 10ng. 92.75°W. ..o 331

Sea surface height anomaly (cm) from satellite altimeter datafor 9 May 1993
(Adapted from: Biggset al., 1996) .......ccocururererirerieereseeesie s 333

Components of velocity (cm/sec) normal to a section extending from
approximately lat. 27.4°N, long. 90.6°W (Station 64) to lat. 24.8°N, long.

Components (u positive to the east and v positive to the north) of 40-hr,

low-passed currents measured at indicated depths on moorings S (lat. 26°N,
long.96°10' W) and C (55 km north of S), with both moorings at approximately

S 0 (AR = 0 (= o1 TSR 335

XXXViil

LOT_LOl.doc-01/17/01



List of lllustrations (Cont.)

Figure

3-16

317

3-18

3-19

3-20

321

3-22

3-23

3-24

3-25

3-26

3-27

3-28

14: 001000 MMOL 00 05 00-T1346

Page

Horizontal current vectors (hourly values from 3-hr low-passed records) from
moorings located approximately equidistant along the 200-m isobath at the
edge of the Texas continental Shelf ... 3-37

Schematic showing design currents in deepwater Gulf of Mexico for three
classes of phenomena, including: 1) topographic Rossby waves; 2) Loop

Biomass of the macrofauna relative to depth in the Gulf of Mexico, in mg (wet
weight) per square meter (From: Rowe and Menzel, 1971; Rowe et al., 1974;
Rowe, personal communication, 1999).........ccoerirrieneneneneese s 3-65

Relationship between sediment oxygen consumption as a function of depth
(From: Rowe, personal communication, 1999) .........cccoeereririenerneneiese s 3-67

Variations in densities of polychaete annelidsin the central region of the

northern Gulf of Mexico showing spring densities higher than fall densities.

Each point represents the mean of three to five samples (Adapted from:

HUBDEIA, 1995) ..ottt ne s 3-68

Standing stocks of major components of the benthic community (represented as
the mean of standing stocks and fluxes) in units of organic carbon per square
meter (stocks) and fluxes between stocks (mg C/m?/day). Largest fluxes are
respiration rates, while highest standing stocks are the smaller forms

(e.g., bacteria, meiofauna) (Adapted from: Cruz-Kaegi, 1998)..........ccccevvevvevenrenene. 3-69
L ocations of topographic features in the Western and Central Planning Areas

(Adapted from: Minerals Management Service, 1998) .........ccocverrennienenesenieicnnenes 377
Gulf coast 1abor Market areas.........ccccveeeececececee e 3-106

Net migration patterns for Brownsville and Corpus Christi,
TEXBS 1O70-1O07 ...ttt e e e e et e e e e e b e e s re e saeeeeaeesaeeenneenns 3113

Net migration patterns for Victoriaand Brazoria, Texas 1970-1997 ....................... 3117

Net migration patterns for Houston-Galveston and Beaumont-Port Arthur,
TEXAS 1970-1997 ...ttt ettt s bt neebe e nesreneene e 3-120

Net migration patterns for Lake Charles and Lafayette,
LouISIaN@1970-1997 ......ocvcieeeeceeeee ettt 3124

Net migration patterns for Baton Rouge and Houma, Louisiana1970-1997.......... 3-128

XXXIX

LOT_LOl.doc-01/17/01



List of lllustrations (Cont.)

Figure Page
3-29 Net migration patterns for New Orleans, Louisiana; Biloxi-Gulfport,

Mississippi; and Mobile, Alabama 1970-1997..........ccoerereierenrereesese e 3-135
3-30 Population growth rates for the Gulf coast, 2000-2020...........ccccoevveveereereereeieeseeene 3-140
331 Historical trends and population projections for Gulf coast commuting zones

aNd the fFOUr-State FEQION ........ccueieerereese et 3141
3-32 Historical trends and population projections for each of the 13 Gulf coast

(000010 10 11T 0] 1= F S 3-148
333 Historical trends and labor force projections for Gulf coast commuting zones

aNd the fFOUr-State FEQION ........ccuiieerereeese e 3-159
334 Historical trends and labor force projections for each of the 13 Gulf coast

(000010 10 11T 0] 1= F R 3-160
335 Labor force growth rates for the Gulf coast, 2000-2020..........cccceveevieveeieereeieeieeene 3-161
3-36 Employment rates for the oil and gasindustry, 2000-2020 ...........ccoceerererererenenens 3-173
4-1 General Layout of FPSO COMPONENES.........cciirirerieerenieesesesesiesesse s essesessenens 4-4
4-2 Schematic of Base-Case SUDSEA SYSIEM ... 4-5
4-3 Probable Sequence of FPSO Installation ACHVItIES..........cccviveirenrere e 4-6
4-4 Probable Sequence of FPSO DeComMmIiSSIONING........cccoerirerierererieeniesesesee e seesenens 4-34
4-5 Military Warning Areasin the GuIf of MEXiCO........ccceerirreriirereseeee e 4-48
4-6 Modeled FPSO and ReCeptor LOCALIONS.......cccoereriireererieesieesie s 4-55
4-7 Risk Assessment MethOdOIOgY .........coeererererieeneneresie et 4-161
4-8 Unigue and ComMMON RISKS ......ccueiieriririeirisie et sse s e 4-163
4-9 EXAMPIE FAUIT TIEE ...t 4-166
4-10 EXAMPIE EVENE TIEE.....eieeee ettt 4-167
4-11 Frequency of Accidental Releases by Release Size for FPSO-Unique Acci-

[0 1SS 4-171
14: 001000 MMO1_00_05_00-T1346 X

LOT_LOl.doc-01/23/01



List of lllustrations (Cont.)

Figure

4-12

4-13

4-14

4-15

4-16

4-17

4-18

4-19

4-20

4-21

4-22
4-23
4-24
4-25

4-26

14: 001000 MMOL 00 05 00-T1346

Page
Location of Oil Spill Launch Points as Evaluated by the OSRA Modd................. 4-195
Sensitive Offshore Resources of the Gulf of Mexico Considered in the OSRA
MOAEING ANAIYSIS.....ciiiiiieieererie ettt st e et sens 4-197
U.S. Gulf Coast Equidistant Land Segments Used in the OSRA Moddl................ 4-200
Clustering Analysis Results Showing Average Probability of Oil Contact After
30 Days on Equidistant Land Segments Along the Gulf Coast for Hypothetical
SPHISTrOM AFEES L ANU 2.t 4-223
Clustering Anaysis Results Showing Average Probability of Oil Contact After
30 Days on Equidistant Land Segments Along the Gulf Coast for Hypothetical
SPIHISTrOM AFE8S 3 ANU 4.t 4-225
Clustering Analysis Results Showing Average Probability of Oil Contact After
30 Days on Equidistant Land Segments Along the Gulf Coast for Hypothetical
SPIHISTrOM ArEaS5 AN 6. e s 4-227
Clustering Analysis Results Showing Average Probability of Oil Contact After
30 Days on Equidistant Land Segments Along the Gulf Coast for Hypothetical
SPIHISTrOM AIEaS 7 AN ... e 4-229
Clustering Analysis Results Showing Average Probability of Oil Contact After
30 Days on Equidistant Land Segments Along the Gulf Coast for Hypothetical
SPilISTrom AreasQ and 10.......c.ccueireiirereerere e 4-231
Results of Oil Weathering Analyses of a 1,000-bbl Release of Viosca Knoll
990 CrUAE Ol ss et se et se e sese e nsese e nsesas 4-248
Results of Oil Weathering Analyses of a 1,000-bbl Release of Mississippi
Canyon 807 Crude Ol ..ot 4-249
Predicted Formation of Mousse for Mississippi Canyon 807 Crude Ol ................ 4-251
Summary of Dispersant Application and Treatment Capability .........c.ccceveeenneee. 4-259
Summary of Mechanical Recovery Capability........cccoooiirniiniiniineereeseee 4-263
Response Summary for Study Site #1, Corpus Christi Lease Area..........cccueu.... 4-265
Response Summary for Study Site #2, Alaminos Canyon Lease Area.................. 4-267

xli

LOT_LOl.doc-01/17/01



List of lllustrations (Cont.)

Figure Page
4-27 Response Summary for Study Site #3, West Cameron South Lease Area............ 4-269
4-28 Response Summary for Study Site #4, Green Canyon Lease Area..........c.cceueunee.. 4-273
4-29 Response Summary for Study Site #5, Keathley Canyon Lease Area................... 4-275
4-30 Response Summary for Study Site #6, Green Canyon Lease Area..........c.cceueunee.. 4-277
4-31 Response Summary for Study Site #7, Mississippi Canyon Lease Area............... 4-279
4-32 Response Summary for Study Site #8, Atwater Valley Lease Area...........ccu....... 4-281
4-33 Gulf Coast Labor Market Areas Potentially Affected by an FPSO-Related Oil

SOttt 4-310
14 Q01000_MMX.00_05 00-T1346 xlii

LOT_LOl.doc-01/17/01



ABBREVIATIONS AND ACRONYMS

ACAA
ACAMP

ADECA

ADEM
ANWR

APD
AP
ARZ1

ATB
BACT

BAST

Bbbl
BBO
Bcf
BEA
BOP
B.P.
Cal
CCA

CD
CEl
CEQ

CER
cf.
CFDL
CFR
CNRA

Coast Guard
COD
COE

CPA
CRA

Alabama Coastal Area Act

Alabama Coastal Area
Management Plan

Alabama Department of
Economic and Community
Affairs

Alabama Department of
Environmental Management

Aransas Nationa Wildlife
Refuge

Application for Permit to Drill

American Petroleum Institute

Archeological Resource Zone
1

articulated tug barges

best available control
technology

best available and safest
technology

billion barrels

billion barrels of ail

billion cubic feet

Bureau of Economic Affairs

blowout preventer

before present

Call for Information and
Nominations

Coastal Coordination Act
(Texas)

Consistency Determination

Coastal Environments, Inc.

Council on Environmental
Quality

Categorical Excluson Review

compare, see

Coastal Facilities Designation
Line (Texas)

Code of Federal Regulations

Coastal Natural Resources
Area

U.S. Coast Guard

chemical oxygen demand

Corps of Engineers (U.S.
Army)

Central Planning Area

Comparative Risk Assessment

14:001000 MMOL_00_05 00-T1346
ABB&ACR.DOC-1/3/01

CSA
CWA
CWPPRA

CZM
CZMA

DEIS

DNV
DOCD

DOD
DOl

DOT

DP
DWOP
dwt
E&E

EEZ
EFH
EIA

EIS

EP
EPA
ESP
etal.
et seq.
EWTA
FAA

FCF
FEIS
FERC

FMC
FMP

Continental Shelf Associates

Clean Water Act

Coastal Wetlands Protection,
Planning & Restoration Act

Coastal Zone Management

Coastal Zone Management
Act

Draft Environmental Impact
Statement

Det Norske Veritas

Development Operations
Coordination Document

Department of Defense (U.S.))

Department of the Interior
(U.S) (also: USDOQI)

Department of Transportation
(U.S) (also: USDQOT)

dynamic positioning

Deepwater Operations Plan

dead weight tonnage

Ecology and Environment,
Inc.

Environmental Assessment

Exclusive Economic Zone

Essential Fish Habitat

Energy Information
Administration (USDOE)

Environmental Impact
Statement

Exploration Plan

Eastern Planning Area

Environmental Studies Plan

and others

and the following

Eglin Water Test Area

Federal Aviation
Administration

Fishermen's Contingency
Fund

Final Environmental |mpact
Statement

Federal Energy Regulatory
Commission

Fishery Management Council

Fishery Management Plan



FONS

FPS
FPSO

FR
FSO

FWPCA
FWS
FY
G&G
GIS

GIWW
GMAQS

GMFMC

GOM
GTFP

HMWHC
IPF
ITB
ITL

™
LATEX

LCRP
LDNR
LLD
LOOP
LSU
LTL
MAFLA

MARPOL

MCP

Finding of No Significant
Impact

floating production system

floating production, storage,
and offloading system

Federal Register

floating storage and
offloading

Federal Water Pollution
Control Act of 1972

Fish and Wildlife Service

fiscal year

geological and geophysical

geographical information
system

Gulf Intracoastal Waterway

Gulf of Mexico Air Quality
Study

Gulf of Mexico Fishery
Management Council

Gulf of Mexico

Green Turtle
Fibropapillomatosis

high molecular weight
hydrocarbons

impact-producing factor

integrated tug barges

Information to Lessees and
Operators

Information Transfer Meeting

Texas-Louisiana Shelf
Circulation and Transport
Process Program (MM S
funded study)

Louisiana Coastal Resources
Program

Department of Natural
Resources (Louisiana)

lower limit of detection

Louisiana Offshore Oil Port

Louisiana State University

L etter to Lessees and
Operators

Mississippi, Alabama, and
Florida

International Convention for
the Prevention of Pollution
from Ships

Mississippi Coastal Program

14:001000 MMOL_00_05 00-T1346
ABB&ACR.DOC-1/3/01

xliv

MFCMA

Mmbbl
MMC
MMPA
MMS
MPPRAC

MSA
MSFCMA

MOU
NAAQS
NACE

NARP
NAS

n.d.
NEPA
NERBC
NFEA
NGVD
NHAP
NMFES
NMS
NOAA
NOI
NORM

NOW
NPDES

Magnuson Fishery
Conservation and
Management Act of 1976

million barrels

Marine Mammal Commission

Marine Mammal Protection
Act of 1972

Minerals Management Service

Marine Plastic Pollution
Research and Control Act
of 1987

Metropolitan Statistical Area

Magnuson-Stevens Fishery
Conservation and
Management Act (of
1996)Mta

Memorandum of
Understanding

National Ambient Air Quality
Standards

National Association of
Corrosion Engineers

Nationa Artificial Reef Plan

National Academy of
Sciences

no date

National Environmental
Policy Act

New England River Basins
Commission

National Fishing
Enhancement Act

Nationa Geodetic Verticd
Depth

Nationa Historic Preservation
Act

National Marine Fisheries
Service

National Marine Sanctuary

National Oceanic and
Atmospheric
Administration

Notice of Intent to Prepare an
EIS

naturally occurring
radioactive material

nonhazardous oil-field waste

National Pollution and
Discharge Elimination
System



NRC
NST

NTL
NVIC

NWA
OCD

OCS
OCSLA

OPEC
OSCP
OSIR
OSRA
P.L.
PAH
PCB
PINC
PINS

PMag

ppm
ppt
PSD
RCRA
RPA

RD
RTR

National Research Council

National Status & Trends
Program (NOAA)

Notice to Lessees and
Operators

Navigation and Vessel
Inspection Circular

National Wilderness Area

Offshore and Coastal
Dispersion model

Outer Continental Shelf

Outer Continental Shelf
Lands Act

Organization for Petroleum
Exporting Countries

Qil Spill Contingency Plan

Qil Spill Intelligence Report

Oil Spill Risk Analysis

Public Law

polynuclear aromatic
hydrocarbon

polychlorinated biphenyl

Potential Incidence of
Noncompliance

Padre Island National
Seashore

particulate matter smaller than
10 microns

parts per million

parts per thousand

Prevention of Significant
Deterioration

Resource Conservation and
Recovery Act

representative of the proposed

action
Regional Director
Rigs-to-Reef

14:001000 MMOL_00_05 00-T1346
ABB&ACR.DOC-1/3/01

xlv

SEIS
SEFSC
SIC

SIP

SPp.
SSP
Stat.
TAMU
tcf
TCMP

TED
THC
TLP
TSP

TWC
U.S.
U.SC.
USCG

USCOE
USDOC

USDOE
USDOI

USEPA
USFWS
VOC

WBNP
WPA

supplemental environmental
impact statement

Southeast Fisheries Science
Center

Standard Industrial
Classification

state implementation plan

species

multiple species

Strategic Studies Plan

Statutes

Texas A&M University

trillion cubic feet

Texas Coastal Management
Plan

turtle excluder device

total hydrocarbon content

tension leg platform

total suspended particul ate
matter

treatment, workover, and
completion

United States

United States Code

U.S. Coast Guard

U.S. Corps of Engineers

U.S. Department of
Commerce

U.S. Department of Energy

U.S. Department of the
Interior (also: DOI)

U.S. Environmental
Protection Agency

United States Fish and
Wildlife Service

volatile organic compound

Wood Buffalo National Park

Western Planning Area



Section 1 — Section 1.2

1. PROPOSED ACTION

1.1 Introduction

The United States Department of Interior (DOI) Minerals Management Service (MMS)
has prepared this Final Environmental Impact Statement (FEIS) to evaluate potential
environmental effects of the proposed use of Floating Production, Storage, and Offloading
(FPSO) Systems in the deepwater portions (i.e., in areas >650 feet [200 meters| in depth) of the
Outer Continental Shelf (OCYS) in the Central and Western Planning Areas of the Gulf of Mexico
(GOM). This DEIS has been prepared in accordance with the National Environmental Policy
Act (NEPA), as amended, 42 U.S.C.88 4321-4370(d)(1994), and MMS implementation
guidelines.

This Environmental Impact Statement (EIS) is a programmatic document to examine the
concept of, and fundamental issues associated with, the petroleum industry’s proposed use of
FPSOs on the OCS of the GOM. Therefore, this EIS addresses the proposed action generically
and does not constitute areview of any site-specific development proposal. In addition, the EIS
addresses only the NEPA review process. subsequent site-specific FPSO proposals would be
subject to established MMS and Coast Guard review and decision processes (addressing
engineering, oil spill, air quality, water quality, and site-specific documentation under NEPA);
U.S. Environmental Protection Agency (USEPA) water quality permitting; and any applicable
review by states for coastal zone consistency.

Section 1.2, Purpose and Need for Action, describes the basis for industry’ s proposed use
of FPSOs in the Western and Central Planning Areas of the OCS of the GOM. Section 1.3
provides the basis for preparing the EIS, including the regulatory authority and procedure for
implementing completion of the EIS process, a description of the Federal Government’'s
obligation to address potential significant environmental impacts that could result from decisions
that are to be made; and the possible decision outcomes with respect to the proposed use of
FPSOs. Section 1.4 describes the proposed action, including the general location and ocean
depths in which FPSO operations would occur; the FPSO system, system components, and
configurations that would most likely be used; and FPSO installation, routine operations, and
decommissioning activities. Section 1.5 describes the regulatory and administrative framework
applicable to the approvals for use of FPSOs on the OCS, including MMS and Coast Guard
regulatory authorities. Section 1.6 describes the measures that have been taken by MMS to
ensure public involvement in the EIS preparation process.

1.2 Purpose and Need for Action

Offshore operators have inquired about the potential use of FPSOs in the deepwater
portions of the Western and Central Planning Areas of the GOM OCS. If approved for usein the
GOM, FPSOs would result in increased accessibility to remote leases and improved cycle time
on developing some discoveries, which could increase the cumulative oil and gas production
potential of the OCS. Measures that increase the potential for domestic oil production, such as
the use of FPSOs on the OCS, would also potentially alow opportunity for displacement of
crude oil importsto the U.S.

During the past 15 years, the petroleum industry has extended exploration and production
activity from the edge of the Continental Shelf (200 meters [650 feet] depth) in the GOM
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southward into the deep waters of the OCS (figure 1-1). In recent years, there has been a surge
in deepwater leasing in the Central and Western Planning Areas of the GOM OCS, and operators
have spent billions of dollars in obtaining these leases. As of the end of 1997, the remaining
proved reserves in the GOM OCS Western and Central Planning Areas, in water depths greater
than 200 m, are 1.877 billion barrels of oil equivaent (BBOE), and MMS estimates unproved
reserves to be 1.034 BBOE (USDOI, MMS, 2000b). The deepwater portion of the GOM is, at
present, the most active province for hydrocarbon exploration in the United States OCS (USDOI,
MMS, 2000b). The large number of 100-million-barrel (bbl) fields discovered beyond the 1,000-
foot depth contour, and the emergence of enabling technol ogies, have secured the future of GOM
oil and gas operations and extended the reach of offshore exploration, production, and pipelining
into unprecedented water depths (USDOI, MMS, 2000b).

The floating production systems that have been used in the deepwater GOM in the 1990s,
such as large tension leg platforms (TLPs), spars, and semi-submersibles, may not be the best
technologies for use in remote offshore leases. Deepwater environments have subjected industry
to new sets of challenges, and techniques for drilling, production, and transportation must be
adapted, altered, and/or reinvented to respond to the physical constraints imposed by working at
great depths and at locations increasingly distant from onshore support and infrastructure. In
response to the challenges posed by the production and transportation of crude oil in such areas,
industry proposes to use FPSO systems as a means of augmenting the available options for
deepwater development methods in the GOM. Some of the potential advantages FPSOs have
over other development options include: shorter cycle time (time from first oil discovery to first
oil production), lower construction costs, reusability of equipment, and the flexibility to transport
crude oil to the refining center of choice.

FPSOs are floating production systems that store crude oil in tanks located in the hull of
the system and offload the crude to shuttle tankers or ocean-going barges for transport to shore.
Historicaly, most FPSOs have been either “purpose-built” or “converted” ship-shaped tanker
vessels. In afew cases, non-ship-shaped hulls have been used as FPSOs. Purpose-built FPSOs
are designed and constructed specifically for the purpose of operating as FPSOs. Most converted
FPSOs were vessels originaly designed and constructed as ocean-going oil tankers that have
been structurally modified and equipped for FPSO service. FPSOs have onboard production and
processing equipment, storage facilities for produced hydrocarbons, and the capability to offload
hydrocarbons to shuttle tankers, which can subsequently transport the cargo to terminals and
deepwater ports. An FPSO is either moored to the seafloor or dynamically positioned (using
thrusters) at a production site. In terms of transporting crude oil from the offshore development
site to terminals or refinery ports, FPSO systems differ from the conventional method of
transporting crude oil by pipeline in that they involve temporary storage of crude oil on location,
and offloading of the oil to shuttle tankers for transport to the terminal or refinery destinations.

FPSO systems have never been used in the U.S. GOM, but there is growing experience in
the use of these systems in other areas of the world, including Southeast Asia, the South China
Sea, the Indian Ocean off Northwest Australia, the South Atlantic Ocean off West Africa and
Brazil, the Mediterranean Sea, the North Sea, and the East Coast of Canada. The earliest
applications of FPSO systems were by Shell and Petrobras off of the coasts of Spain and Brazil,
respectively, during the late 1970s. (USDOI, MMS, 2000a)

To date there has been one example of a production facility on the U.S OCS being used
for crude oil storage and offloading and shuttle tanker transport. The Offshore Storage and
Treatment (OS& T) vessel serving the Hondo Field and Platform Hondo (located in 490 feet of
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Section 1.2

water on the Pacific OCS, 3.5 miles off Santa Barbara County, California) resembled some
aspects of FPSO operations. The vessel was a converted single-hull oil tanker with a total
storage capacity of 210,000 barrels of crude oil. The OS&T operated at the production site
between 1981 and 1994, and no major spills resulted from this activity. A total of 19 minor
spills occurred, averaging 1.8 gallons in volume. The two largest spills, both of which were 15-
galon crude oil spills that occurred during offloading to shuttle tankers, were subsequently
cleaned up using on-site response capabilities. Following decommissioning from the site in
1994, the vessel was reassigned for similar servicein Indonesia.

The world' s fleet of FPSOs (not including those decommissioned prior to 1999) includes
71 vesselsthat arein service or under construction. Twenty-nine of the FPSOs are purpose-built,
and 42 are converted oil tankers. Four of the 71 FPSOs are idle, and one was decommissioned in
1999. Asof 1999, 10 of the FPSOs were reported to be under construction and are scheduled for
completion by 2000. Approximately 44 of the 71 FPSOs were installed between 1995 and 1999
and are operating in al major offshore oil-producing regions of the world except the U.S. GOM
(McNeely et al., 1999). A floating storage and offloading (FSO) system is presently being used
in the Cantarel field, Bay of Campeche, Mexico.

The ability to transport crude oil has always been an important factor in the successful
development of both onshore and offshore oil fields. Historically, pipelines have been the most
common means used to transport crude oil produced in the GOM OCS. The technology and
methods involved in pipeline transport of product from offshore oil and gas fields located in the
shallower waters of the GOM OCS have evolved to the level of routine and commonplace. The
current extent of oil pipeline infrastructure in the GOM is shown on figure 1-2. Much of the
same technology and methods would be employed in the deep waters beyond the edge of the
continental slope; however, the operating environment for deepwater pipelines differs from the
operating environment of pipelines on the shelf. Unlike the gradual sloping of the shelf seafloor,
the seafloor beyond the shelf is extremely irregular. This means that suitable routes for pipeline
routes are fewer and more difficult to identify. Theirregularity of the seafloor topography in the
deepwater OCS can result in greater “span” distances (i.e., length of unsupported pipeline above
the irregularities of the seafloor), which in turn could lead to bending stresses.

Compared with shallow water pipelines, pipelines located in deep water endure greater
physical stresses (e.g., extreme depths and strong currents) on pipe and equipment during
installation; higher hydrostatic pressures (i.e., water pressure at depth); and colder water and
sediment temperatures. The rugged seafloor environment may also cause terrain-induced
pressures within the pipe that can be operationally problematic, as the oil must be pumped up
and down steep slopes.

The greater pressures and colder temperatures in the deepwater OCS present industry
with difficulties with respect to maintaining the flow of crude oil through pipelines. Under these
conditions, the physical and chemical characteristics of the produced hydrocarbons (i.e., product
containing crude oil and gas fractions and water) lead to the accumulation of gas hydrate,
paraffin, and other substances within the pipeline that can restrict and eventually block flow if
not successfully prevented and/or abated. There are physical and chemical techniques that can
be applied to manage this accumulation of flow-inhibiting substances. These measures include
forcing plunger-like “pigging” devices through the pipeline to scrape the pipe walls clean and the
continuous injection of flow-assurance chemicals (e.g., methanol or ethylene glycol) into the
pipeline system to minimize the formation of flow-inhibiting substances. However, the greater
water depths of the OCS and the increased length of pipelines needed to reach shoreside facilities
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Section 1.2

make these flow-assurance measures more difficult to implement and can significantly increase
the cost to produce and transport product. Consequently, measures for installing oil pipelines,
maintaining pipeline integrity, and maintaining crude oil transport in these deep, rugged, cold,
and distant seafloor environments would require overcoming technological challenges, and the
high costs involved would present economic constraints on development in the deep water of the
OCS. (USDOI, MMS, 2000b). Installation of pipelines for transmission of natural gas and
operation of these facilities in deepwater is usually more feasible than for oil pipelines. Natural
gas pipelines are of a smaller diameter and installation is less complicated. Additionally, the
flow assurance issues associated with oil pipelines are not applicable to the transmission of
processed natural gas.

The proposed use of FPSOs on the GOM OCS would provide industry with a deepwater
production and transportation option in lease areas that are beyond the reach of current oil
pipeline infrastructure. Offshore leases in areas that present technological and/or economic
barriers to development (e.g., great distances from existing infrastructure, extreme depth, highly
irregular ocean bottom terrain, fields with marginal production potential, etc.) could potentially
become viable candidates for development with the use FPSOs. Some of the advantages that
industry anticipates would be realized if FPSOs were approved for use on the OCS include the
following:

The ability to transport crude oil from deepwater leases on the OCS where
conventional pipeline transport options would not be viable from technology and/or
economic standpoints;

Reduced cycle time of development (i.e., the period between the first discovery of oil
and the commencement of production). FPSOs can be fabricated and installed faster
than other development options, thereby alowing an operator to enhance the
economics of a project by initiating production and obtaining a return on capita
investment sooner than could be done with other development options;

The use of FPSO shuttle tankers to transport product rather than a long export oil
pipeline may significantly reduce the tariffs and initial capital investment required for
adevelopment project.

Industry maintains that FPSOs offer increased flexibility for meeting the economic
justifications for developing fields on the OCS that otherwise may not be developed. The
following are areas where the economic benefits of that flexibility are sought:

Transporting oil from an FPSO by shuttle tanker would give the operator flexibility in
directing the cargo to the refinery of choice, and thus allow the operator to obtain the
most competitive price for the product.

Unlike other deepwater production facilities, an FPSO does not need to be totally
amortized against a single development project; a FPSO can be moved and reused in
other development projects.

FPSOs can be leased by operators, allowing for financing flexibility and reduced up
front capital investment.

FPSOs typically have more deck space than other offshore structures, and processing
eguipment can more easily be accommodated and re-sized for increased production if
wells produce at higher rates than anticipated, or if other fields are discovered nearby.
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The use of FPSO systems during the past 20-plus years has evolved to incorporate
advancing material and design technologies, as well as increasing experience in conducting
successful operations at greater ocean depths, in harsh environments, and at remote locations. In
1999, Intec Engineering, Inc., completed a survey and compilation of worldwide FPSO historical
data for DeepStar (an oil industry consortium for addressing deepwater development issues).
This Intec survey represents the only known and available recent attempt at compiling a
comprehensive world-wide history of FPSO operational activities that includes a record of ail
spill events associated with these operations. Given that the survey involved contacting many
different parties, including foreign companies and governments, and that timely and thorough
response to questionnaires was strictly voluntary, the oil spill historical information obtained by
Intec is limited. Appendix A of the survey (FPSO Database), which reviewed the use of FPSOs
since the late 1970s, identified 97 ongoing or completed FPSO operations. These operations
represent a combined total of 413 years of FPSO service and processed an estimated 5.9 billion
barrels of crude oil. Of the 97 FPSO operations identified in the Intec survey, historic oil spill
information was obtained for 28. These 28 operations represent a combined total of 121 years of
FPSO service and produced a total of 2.0 billion barrels of oil. The survey results indicate that
these 28 FPSO operations experienced a combined total of 194 reported oil spills totaling 5,407
barrels of oil. This amount equates to 2.7 barrels spilled for every 1 million barrels produced.
The largest reported oil spill, which occurred in the North Sea, was 3,900 barrels. During startup
of the Captain FPSO, an overboard dump valve was inadvertently left open. The cause of the
spill was considered to be operational rather than hardware related (Intec Engineering, Inc.,
1999). An accident such as this could be considered as not necessarily FPSO specific, since this
type of human error could potentially occur during the startup of any new production system.

Since 1980, GOM OCS operators have produced about 5.5 billion barrels of crude oil,
while the amount of oil spilled offshore totaled about 61,500 barrels, or 11.2 barrels spilled for
every 1 million barrels produced. (Anderson, 1997). There were no spills of greater than 1,000
barrels from production platforms during this period. There have been six spills of greater than
1,000 barrels from oil pipelines since 1981. Given the technological advances and accumul ated
operational experience regarding the use of FPSO systems, the oil industry considers FPSOs to
be an appropriate and viable means for devel oping the deepwater areas of the GOM OCS.

1.3 Basis for Preparing the EIS

In 1996, operators and FPSO builders began seriously discussing with MMS the
possibility of using FPSOs in the GOM. Recognizing the increasing interest in the use of FPSOs
and shuttle tankers, MMS and DeepStar co-sponsored an FPSO workshop in April 1997 to
identify technical, safety, and environmental issues and information needs related to FPSOs.
Subsequently, MM S and DeepStar have worked together to identify the potential role of FPSOs
in the development of the GOM and to address the various technical, safety, and environmental
issues related to the use of FPSOs and shuttle tankers in the GOM. In June 1998, MMS
expressed its willingness to prepare an EIS, under the implementing regulations of NEPA, that
would address the issues associated with the proposed use of FPSOs in the Western and Central
Planning Areas on the OCS. In July 1998, DeepStar agreed to provide the necessary funding
required for MMS procurement of a contractor to complete the EIS process. In addition,
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DeepStar cooperated with MMS to define a representative base-case scenario (as well as the
potential range of variations in system components, configuration, and operation) for the use of
an FPSO on the OCS.

As described in Section 1.2, the proposed use of FPSO systems in the GOM OCS has the
potential to enhance industry’s capabilities to develop oil and gas reserves in deepwater areas
that otherwise would challenge or exceed the limits of current deepwater production and
transportation infrastructure and technologies. However, FPSO systems would be a departure
from the conventional transportation methods used for U.S. offshore oil development. This new
approach would involve large volumes of oil being temporarily stored at sea at |ocations distant
from on-shore support and emergency response systems. Rather than moving the oil to shore via
pipeline, FPSO operationsinvolve offloading crude oil to shuttle tankers for transport.

Prior to any decisions made by the Federa Government regarding the proposed use of
FPSOs in the GOM, the risk of oil spills and the potential consequences of any such spills must
be evaluated. NEPA requires the preparation of a detailed EIS for any major federal decision
that may have a significant impact on the environment. Given that this large-volume storage and
transport method would be new to the U.S. GOM, and the potential exists for significant adverse
impacts, the consideration of, and decisions regarding, the proposed use of FPSO systems on the
OCS constitutes a major federal action. Consequently, in accordance with NEPA, as well asin
accordance with its mission as a federal agency, MMS is proceeding with the preparation of this
ElSfor the proposed use of FPSOs on the GOM OCS.

This document was prepared as a programmatic EIS. It is programmatic in that it
addresses the fundamental concepts and issues associated with the proposed use of FPSOs on the
Western and Central Planning Areas of the GOM OCS. The MMS has taken this approach as the
first step in developing an understanding of the benefits and risks that may be associated with
FPSO systems, and to alow an opportunity for public involvement in this process prior to
considering approval of individual applications for site-specific FPSO systems. The MMS
believes that the development of a programmatic EIS will assist: (1) the government in making
informed decisions, (2) the public in playing a role in shaping these decisions, and (3) industry
by obtaining feedback in the fundamental issues and concerns that must be addressed as part of
any application for approval of a proposed site-specific FPSO operation.

In order to consider the proposed use of FPSOs in the programmatic sense, a generic
FPSO system and operation is defined in this document that represents a likely scale and
configuration of what would be anticipated to be deployed on the OCS during the course of the
next 10 years (i.e., the base-case scenario). An attempt was also made by the EIS authors to
identify arange of technical variations that conceivably could be proposed by industry as part of
various site-specific design scenarios.

It is expected that the outcome of this programmatic EIS process will result in one of
three basic decisions by the federal government: (1) conceptual approval of FPSOs, (2)
conceptual approval of FPSOs under certain pre-conditions, or (3) a decision for no action (i.e.,
no conceptual approval by the government). In accordance with the requirements of NEPA, the
government’s decision will be detailed in a Record of Decision (ROD) and published in the
Federal Register. Regardless of the decision outcome, it is intended that this programmatic EIS
(including the resulting ROD) serve as a planning document and reference tool for “tiering” any
subsequent NEPA actions regarding site-specific proposals for use of FPSOs in the GOM

The President’s Council on Environmental Quality (CEQ) considers tiering appropriate
for NEPA documentation when the sequence of statements or analysesisto proceed from broad-
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scale and/or regional statements (i.e., programs, plans, or policy) to lesser, more focused,
statements (e.g., sSite-specific plans). “Tiering in such cases is appropriate when it helps the lead
agency to focus on the issues which are ripe for decision, and exclude from consideration issues
aready decided or not yet ripe.” (CEQ Implementation Regulations Part 1502.28)

No approval for a site-specific proposal to use FPSO systemsin the GOM will be granted
as aresult of the ROD for this EIS. Rather, proposals for use of a site-specific FPSO system
would be considered by the government, and appropriate NEPA documentation would be
prepared, by tiering from this programmatic EIS. In addition, operators would still be required to
submit Deepwater Operations Plans (DWOP; Notice to Lessees and Operators [NTL] 98-8N) for
technical review, as well as required project-specific development plans for technical, safety and
environmental review.

1.4 Description of the Proposed Action

The petroleum industry proposes the use of FPSOs as a viable technological and
operational means of developing hydrocarbon resources on the U.S. portion of the GOM. This
section describes “a most likely configuration” of an FPSO system that would operate in these
deepwater areas of the Western and Central Planning Areas of the GOM. Hence, the base-case
scenario for consideration in this EIS is a generic FPSO system that incorporates the
components, configuration, and types and level of activities that would reasonably be expected to
represent industry’s intended applications of these systems. The major components of the base-
case scenario FPSO generdly fal within a range of potentially viable design choices and
configurations. The range of potential options for the main components of FPSO systems that
would operate in the GOM also are identified and discussed below.

Although FPSO systems have been used at a number of locations around the world over
the past 20 years, they have not been used in the GOM. Both industry and MM S have expended
efforts to assess the various types of FPSO systems being employed in other regions of the world
in concert with identifying the issues, limitations, and basic design factors that could be involved
in applying this technology to the GOM OCS environment. The MMS prepared a compendium
reference document for supporting its preparation of an Environmental Assessment for
deepwater development. This reference document is titted MMS 2000-015, Deepwater
Development: A Reference Document for the Deepwater Environmental Assessment, Gulf of
Mexico OCS (1998 through 2007). The document provides a component-based summary of
deepwater technology and operations and identifies trends and issues associated with deepwater
development in the U.S. GOM. It includes a section, based on industry inputs provided
primarily by DeepStar, describing a prototypical FPSO for the GOM. This document served as
the starting point for development of a base-case scenario for this EIS.

Upon commencing the NEPA process for this EIS, the project team used a step-wise
approach to build upon the prototype FPSO presented in the MMS deepwater devel opment
reference document and further define a likely configuration of an FPSO operation in the GOM.
Working with industry feedback and concurrence, the objectives of this work were to (1)
determine the range of potentially relevant and applicable options for FPSO system components,
configuration, and operations; and (2) identify within the identified range of possibilities the
most likely configuration of an FPSO system that would be used in the GOM, otherwise known
as the base-case scenario. The base-case scenario was then defined in sufficient detail so that (1)
a quantitative risk assessment (including a hazard analysis and accident frequency analysis)
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could be conducted, (2) environmental impact-producing factors could be identified, and (3) an
environmental impact assessment could be completed. The potentially applicable range of
options for FPSO system components and configuration was analyzed to the point that risks and
impacts could be gauged relative to the base-case scenario.

Consideration of the proposed action is limited to a 10-year period, 2001 through 2010.
A 10-year period was chosen for the analysis time frame because rapidly changing technologies
make projections beyond that time frame very uncertain. During the 10-year planning period for
consideration of the proposed action, MMS projects that five FPSOs would be incrementally
deployed by industry within the geographic area of consideration. The first FPSO would be
deployed as early as 2001, and then, with the addition of one FPSO approximately every other
year beyond 2001, five FPSOs would be operating in the geographic area of consideration by
2009. (Aker, 1999; Regg, 2000a).

1.4.1 Location

The area being considered in this EIS for the proposed use of FPSOs encompasses the
deepwater portions of the Central and Western Planning Areas of the GOM OCS (figure 1-3).
Specifically, the geographic area of consideration includes the following map protraction areas
within the aforementioned planning areas. Corpus Christi, Port Isabel, East Banks, Alaminos
Canyon, Garden Banks, Keathley Canyon, NG 15-8, Ewing Banks, Green Canyon, Walker
Ridge, NG 15-9, Viosca Knoll (southern portion), Mississippi Canyon, Atwater Valley, Lund,
and NG 16-7.

Within the geographic area of consideration, FPSOs would potentially be deployed in
areas having water depths ranging from 600 feet to 12,500 feet (figure 1-1). Industry has
indicated that FPSOs would be needed primarily in waters greater than 1,000 feet deep and that
the greatest potential for use of FPSOs would be in waters between 4,000 and 10,000 feet deep.
The base-case scenario for thisEIS considers an FPSO deployed in water 5,000 feet deep.

1.4.2 FPSO System Components and Configuration

The proposed use of an FPSO system in the geographic area of consideration would
involve the following basic components:

Double-hulled, purpose-built FPSO,

Permanently moored turret,

Subsea system (wells, flowlines, manifolds, and risers),
Processing,

Gas export pipeline,

Crude oil storage,

Crude oil offloading,

Manning and accommodations,

Other auxiliary component, and

Shuttle tankers for transporting produced oil.
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These components and their configuration for FPSO systems, including the base-case
scenario and the potential range of variations, are discussed below.

1.4.2.1 FPSO Description

The hull of an FPSO is either ship-shaped or non-ship-shaped in configuration (figures
1-4 and 1-5). A non-ship-shaped FPSO could be a spar or other purpose-built, floating facility
equipped with oil storage facilities. The base-case scenario for thisEIS considers a purpose-built
FPSO having a ship-shaped hull. The base-case scenario FPSO would be a double-hulled vessel,
including both double sides and double bottom. However, some operators may consider, and
propose, a single hull or double-sided/single-bottomed hull, depending upon the applicability of
the Oil Prevention Act of 1990 (OPA, 90) requirements. Although FPSOs may be designed to
incorporate a propulsion system, the base-case scenario for this EIS considers an FPSO without
propulsion or thruster assist.

The oil storage capacity of FPSOs operating in the deepwater areas of the GOM could
range from as little as 100,000 barrels (bbls) to as much as 2.3 million bbls. The base-case
scenario for this EIS considers an FPSO with an oil storage capacity of 1 million bbls (figure
1-6).

The typical existing ship-shaped FPSO can be characterized as a tanker-like vessel with
dimensions ranging as follows: 600 to 1,000 feet in length; 100 to 200 feet in width; and 60 to
100 feet in height. For the base-case scenario considered in this EIS, the 1-million-bbl ship-
shaped FPSO would have an overall length of 730 feet, a maximum width of 150 feet, and a
height of 100 feet. In addition, the base-case FPSO would have a full-load draft of
approximately 70 feet.

The FPSO vessel would be designed and constructed to comply with Coast Guard
regulations. The production facilities would be designed and constructed to comply with MM S
regulations.

1.4.2.2 Mooring and Stationkeeping

There are two options for FPSO stationkeeping at a deepwater production site. FPSOs
would be either moored to the seafloor with mooring lines and anchors, or dynamically
positioned over the production site by servo-activated thrusters and a geographic positioning
system (GPS). The vast mgority of existing FPSO systems employ a fixed mooring system
using anchors and anchor lines (figure 1-7), and few rely on dynamic positioning systems. The
base-case scenario for this EIS considers a fixed mooring system as a most likely configuration
for FPSOs on the OCS.

Fixed mooring systems can be further described as either disconnectable or permanent.
A few existing FPSO systems have been designed to be disconnectable under impending severe
weather circumstances or approaching icebergs. However, experience has shown that both the
FPSO and permanent mooring systems can be designed to withstand severe weather such as
hurricanes. Consequently, most FPSOs employed to date are permanently moored, i.e., they are
designed to remain at the location throughout all anticipated environmental (weather and current)
conditions, including hurricanes. When considering the choice of mooring system for an FPSO,
the relative risks and design requirements take into account such factors as company experience
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and preferences in stationkeeping and mooring methods, water depth, environmental criteria
(weather and currents), distance from shore, and economics.

Some weather systems forming in the GOM may not allow adequate time for an orderly
disconnection from the mooring system and transit of the vessel to waters outside of the severe
weather track. An FPSO and its moored turret system could be designed to withstand severe
weather conditions and remain on station. Thus, the permanently moored turret system is
considered as a most likely configuration in the base-case scenario. Nevertheless, some
operators may propose a disconnectable mooring system.

FPSOs can be moored directly to the seafloor (spread-moored) or they can be moored to
the seafloor from a turret that is mounted to, or integrated into, the hull of the vessel. Spread
mooring has limited applications and is not considered within the range of potential mooring
configurations on the OCS since there is an absence of a mild, unidirectional environment. A
turret mooring system provides the means for the FPSO vessel to “weathervane,” essentially
allowing the ship to pivot on the mooring system and take the position of least resistance with
respect to the prevailing wind, waves, and current. In this manner, weathervaning minimizes the
loading of forces imposed by the physical environment upon the vessel. While the FPSO turret
mooring system provides for mooring of the vessel to the production site, it also serves as the
junction point for the marriage of the production risers to the FPSO vessel.

The configurations of FPSOs deployed in the GOM could involve either a turret that is
disconnectable from the FPSO vessel or a turret that is permanently integrated into the vessal.
The base-case scenario for this EIS considers a turret mooring system that is permanently
integrated into the FPSO vessal.

The turret of a mooring system can be located either internally or externally to the FPSO
vessel (figure 1-8). For example, on some systems, the turret is mounted externally to the bow of
the FPSO. The location of the turret depends on a number of factors, including the segregation
of process equipment, offloading configuration, and environmental loads. Asisthe case with the
base-case scenario for this EIS, internal turret systems are typically located just forward of
midshipsto facilitate weathervaning.

The turret mooring system considered in the base-case scenario in this EIS provides for
passive weathervaning, which allows the vessel to freely pivot according to prevailing winds,
waves, and currents. Passive weathervaning of the FPSO vessel is the predominant industry
practice; however, active weathervaning (using thrusters) or a combination of passive
weathervaning with thruster assist may be considered an appropriate measure under certain
environmental conditions and design-imposed circumstances.

Under the base-case scenario, the permanently integrated turret mooring system with
passive weathervaning would enable the FPSO to remain on site in al metocean (i.e., weather
and ocean) conditions up to and including 100-year return period maximum events, including:

The 100-year wave with associated wind and current, and
The 100-year current with associated wave and wind.

1.4.2.3 Subsea Systems

The subsea systems associated with FPSOs would be essentially the same as those associated
with other deepwater production activities presently occurring on the OCS (e.g., subsea tiebacks
to afixed or floating host facility such as compliant towers, spars, or tension leg platforms). As
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shown on figure 1-9, the basic components of the subsea system include subsea wellhead
equipment, well jumper lines, and acentral subsea manifold. The well jumper lines serve to pipe
hydrocarbons from individual wellheads to the central subsea manifold. The manifold, in turn,
serves to connect the subsea system to the FPSOs riser system; the riser system provides the
conduit to transfer produced hydrocarbons upward to the FPSO. Control umbilicals extend from
the FPSO to the subsea system, allowing for operations and monitoring of the equipment on the
seafloor.

For a turret-moored FPSO system, the riser is connected to the system at the turret,
allowing for weathervaning of the vessel while maintaining the integrity of the riser system. The
riser system would consist of production piping to transfer hydrocarbons from the subsea
production equipment to the vessel, export piping to transfer produced natural gas, conduits to
alow for the delivery of flow-assurance chemicals to be injected into the subsea production
system piping, and control umbilicals to supply electrical and hydraulic power and to maintain
and monitor subsea operations. The various piping and umbilical conduits are typically bundled
within a protective, insulated casing.

1.4.2.4 Processing Systems

The processing systems and facility design for an FPSO would be essentially the same as
those found on other existing deepwater production systems having a similar production rate
(e.g., spars and tension leg platforms). Processing facilities are located on a raised deck above
the vessel’s weatherdeck (figures 1-4 and 1-6). Fluids are transferred to the processing plant
from the risers through a stacked swivel transfer system on the FPSO turret. The processing
plant separates the produced oil, water, and gas to obtain export-quality oil and gas. Produced
water istreated to sufficient quality for discharge overboard.

Based on the assumed parameters and physical setting of a generic production field and
its physical setting on the GOM OCS, a representative peak production scenario was developed
as part of the base-case scenario that considers:

150,000 barrels of oil per day (BOPD),
200 million cubic feet per day (MM CFD) gas production, and
70,000 barrels of water per day (BWPD).

Actua field characteristics will vary from location to location. The above peak
production rates are considered to be within the range of typical oil, gas, and water production
rates for deepwater development on the OCS.

A swivel stack assembly at the top of the turret allows for the transfer of hydrocarbons
from the risersto the processing plant on the deck of the FPSO (figure 1-10). The export gasline
and control umbilicals (for subsea equipment operations) also are routed through the swivel and
down through the turret to the subsea equipment. The swivel stack system prevents twisting of
the pipe conduits and cables at the turret, as the FPSO may pivot more than 360 degrees as it
weathervanes with the prevailing winds and currents.
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The base-case scenario processing systems would include a variety of components such
asthe following:

Pressure vessels - Boilers

Storage tanks - Compressors

Pumps - Separators

Generators - Treatment units

Piping - Maintenance equipment

Electrical systems

Processed gas would be compressed and exported through piping via the swivel and riser
to the export pipeline system on the seafloor for pipeline transport to shore-side processing
facilities. With approval of MMS, gas may be re-injected into the formation during the FPSO
operation start-up period (generally less than ayear) until natural gas pipeline infrastructureisin
place. Also pending MMS approval, gas may be re-injected into the formation during
maintenance and repair periods (typically severa days or weeks). A gas-flare system would be
installed on the FPSO. Some gas volumes may be flared for shore-term periods (typicaly 2 to
14 days). This short-term gas flaring, when justified and approved by MMS, would be
conducted as part of unloading/testing operations that are necessary to remove potentially
damaging completion fluids from the well bore and to provide sufficient reservoir data for the
operator to justify development in the high-cost, deepwater environment. In unique
circumstances with detailed justification, approval of flaring by MM S would be considered for 6-
to 12-month periods. As part of routine operations, a part of the produced natural gas would be
filtered and used as fuel gas for the turbine-powered generators and other equipment on the
FPSO vessd.

Prior to being discharged overboard, produced water would be treated to achieve
sufficient quality as to be in compliance with applicable permit requirements under Section 402
of the Clean Water Act (i.e., wastewater discharge criteria under a National Pollution Discharge
Elimination System [NPDES] permit).

The drain system on the processing deck would consist of both open and closed drain
systems. The open drain system would collect storm water and washdown water in the
processing area and direct it to collection tanks for oil/water separation. Qil would then be
routed to the slop oil tank for recycling through the processing facility. The decanted water
would be discharged in accordance with NPDES requirements.

The closed drain system would collect oily fluids from various points in the processing
area. The fluids would then be pumped to a slop tank for eventual recycling.

1.4.2.5 Storage Systems

FPSO vessels include storage facilities for produced and processed oil, hence the
structural and visual resemblance of ship-shaped FPSO vessels to an oil tanker. The sizing of
storage capacity for an FPSO depends on severa factors, including the characteristics of one or
more fields where operations are anticipated, the expected rate of production, and other design
factors and operator preferences. The storage capacity of FPSOs operating in the GOM could,
from a design standpoint, range from approximately 100,000 bbls to 2.3 million bbls. The base-
case scenario for thisEIS considers a ship-shaped FPSO with a capacity of 1 million bbls divided
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among ten 100,000-barrel storage tanks within the hull of the FPSO (figure 1-6). The base-case
scenario aso considers the following components and operational characteristics of an FPSO
storage system as alikely scenario for GOM operations:

Processed oil would be transferred from the processing facility to storage tanks via an
on-deck loading manifold. The manifold would have drop lines dedicated to the
receiving oil tanks and a connection to an in-tank suction header. Export-quality (on-
spec) oil can be transferred to any of the 10 oil storage tanks using cargo pumps and
the on-deck loading header, if required, for load distribution.

Non-export-quality (off-spec) oil would be transferred to a dedicated off-spec oil
storage tank viathe on-deck loading header.

Off-spec water would be transferred to an off-spec water storage tank. A separate
loading line would be installed, as there may be on-spec oil produced simultaneously
with the off-spec water.

Slop tank(s) for storage of oily waste materials would be located at the aft end of the
cargo compartment.

Off-spec oil and off-spec water will be re-run through the processing facilities to
achieve on-spec products. Additional pumps would be installed to transport the off-
spec products from the storage tanks to the processing system.

The cargo system would be designed to enable isolation of any tanks for inspection
and repair.

All cargo tanks and the fuel storage tanks would be capable of being maintained in an
inert, pressurized condition at al times except when the need to enter a tank arises.
The inert-gas system and ventilation system would be designed to alow for gas
freeing of any cargo tank while production is maintained.

The cargo transfer piping would be arranged to enable transfer of cargo between any
cargo tanks while production is maintained. Production would continue during
offloading operations.

Provisions would be made for flushing the offloading hose with seawater, discharging
into the shuttle tanker, after completion of offloading operations.

Because Coast Guard considers FPSOs to be tank vessels, OPA 90 double-hull
requirements are incorporated as part of the base-case scenario (discussed further in Section
1.5.3).

1.4.2.6 Offloading Systems

FPSOs temporarily store processed oil on location until the cargo can be transferred to a
shuttle tanker. The objective is to transfer, safely and efficiently, the oil cargo of an FPSO to a
shuttle tanker that is equipped, capable, and of the appropriate size and draft for safely entering
terminals and refinery ports along the U.S. GOM coast.

For FPSO operations, offloading configurations can vary depending upon the FPSO
stationkeeping method, environmental conditions, and other design factors. In the GOM,
potential FPSO/shuttle tanker offloading configurations include tandem, side-by-side, and
remote buoy-based offloading systems. In tandem offloading, the shuttle tanker is positioned at
a safe distance with its bow generaly in line with the stern of the FPSO. Side-by-side offloading
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puts the FPSO and shuttle tanker in a parallel orientation. Buoy-based systems involve
extending the offloading pipeline from the FPSO to a moored buoy station at a distant location,
which in turn provides a fixed offloading point of operations for shuttle tankers. In the GOM,
and for the weathervaning FPSO associated with the moored-turret configuration in the base-case
scenario, the tandem offloading is the most likely configuration. In effect, the entire operation,
including both vessels, would weathervane from the same moored-turret system (figure 1-11).

Based on the assumptions used to determine generic field development, production rate
estimates, and FPSO fluid processing and storage capacities, the base-case scenario for this EIS
considers the following to be alikely offloading configuration in the GOM:

The tandem offloading system would be capable of offloading 50,000 barrels per
hour (BPH) to a shuttle tanker moored to the stern of the FPSO. Offloading
frequency would range from once in 10 days to as high as once every three days
during peak production.

Cargo oil would be offloaded by the FPSO’ s main cargo pumps through a deck line to
a stern offloading station, and then through a retractable hose to the loading manifold
of the shuttle tanker. The shuttle tanker would be moored to the bow, approximately
80 meters (260 feet) astern of the FPSO by means of a single hawser.

Safety features such as marine break-away offloading hoses and emergency shut-off
valves would be incorporated in order to minimize the potential for, and size of, oil
spills.

In accordance with Coast Guard regulations, a detailed design of the offloading
assembly and the site-specific offloading procedure would be submitted for approval.

1.4.2.7 Shuttle Tankers

As described above, shuttle tankers are used to transport processed crude oil produced by
FPSO systems. Under the Jones Act and OPA 90 requirements, shuttle tankers would be
required to be double hulled. Shuttles can have internal propulsion systems, or they may use
other propulsion system configurations, such as an articulated tug barge (ATB). ATBsinvolve
the connectabl e/disconnectable integration of atug-type vessel to arecess in the stern of alarge-
capacity barge. Shuttle tankers also vary in size. In the GOM, the maximum size of shuttle
tankersis limited primarily by the 34- to 47-foot water depths of U.S. Gulf coast refinery ports.
Due to these depth limitations, shuttle tankers larger than 500,000 bbls in cargo capacity would
likely be limited by physical constraints for port access. The base-case scenario for this EIS
considers a 500,000-bbl capacity shuttle tanker as a likely means of transporting oil cargo in
GOM FPSO operations.

Shuttle tankers operating in conjunction with FPSOs in the GOM could maintain their
station during FPSO offloading operations using several techniques. These include side-by-side
mooring to the FPSO, use of a hawser mooring system with or without thruster assist, or by use
of a dynamic positioning system that maintains the vessel’ s station by use of thrusters rather than
mooring lines. As described in the previous section, the base-case scenario for this EIS
considers hawser mooring systems used in a tandem offloading configuration (shown in figure
1-11) as the most likely scenario for FPSO operations in the GOM. During the FPSO offloading
procedure, the shuttle tanker would continue to operate its engines in an idle mode so that any
necessary maneuvers of the vessel could be promptly executed.
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The shuttle tanker design and systems would be in compliance with Coast Guard
regulations. The MMS assumes that shuttle tankers would be constructed in the United Statesin
compliance with the Jones Act.

The base-case scenario considers the following refinery ports as being likely destinations
for shuttle tankers transporting crude oil cargo from FPSO operations in the U.S. GOM: Corpus
Christi, Freeport, Port Arthur/Beaumont, and Houston/Galveston, Texas,; and Lake Charles, the
lower Mississippi River, and the Louisiana Offshore Qil Port, Louisiana.

1.4.2.8 Manning and Accommodations

The likely configuration of an FPSO operating in the GOM as defined for the base-case
scenario for this EIS would require a compliment of 40 crew and operations personnel. Table 1-
1 provides a breakdown of the personnel and onboard duties. Personnel would be rotated to
shore by helicopter every 14 days.

Accommodations for shipboard personnel, including central operations and living space,
would be located either fore or aft of the processing deck systems and turret, swivel, and flare
tower systems. For the base-case scenario, permanent accommodations would be provided for
70 personnel at the aft end of the vessel (figures 1-4 and 1-6). Quarters and living space would
be provided for the normal manning level of 40 personnel and for 30 temporary service
personnel and visitors. Monitoring and control of the cargo and ballast tanks would be done
from within the accommodations.

1.4.2.9 Other Systems

The Central Control Center (CCC) would be located within the accommodations block
and includes the process control and monitoring systems, fire and gas panels, and other systems
essential to process operations. The CCC would be equipped with alarms and a manually
initiated gas system for fire situations. The CCC and its process control system are considered
part of the Temporary Safe Refuge (TSR).

The TSR would be integrated with the personnel accommodations and would provide
sufficient space within which the full compliment of personnel onboard the FPSO can obtain
temporary refuge during emergencies such as those associated with fire or gas releases. The
TSR would provide a breathable air supply, access to lifeboats, lifesaving equipment,
communications equipment, gas detectors, firefighting gear, and other necessary features. All
emergency facilities would be in accordance with Coast Guard requirements.

Lifesaving equipment onboard the FPSO, including lifeboats and davits, rescue boats,
liferafts, lifesaving appliances, and fire protection, would be in accordance with Coast Guard
requirements.

Fire-fighting systems onboard the FPSO would be in accordance with Coast Guard
requirements and would consist of the following:

Fire water main (seawater),

Fire pumps and hose stations,

Foam fire fighting systems,

Fixed gaseous fire fighting systems,
Fire walls and breaks,
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Table 1-1

Manning of the Base-case Scenario FPSO

Number of

Operation /Job Personnel
Offshore Installation Manager 1
Operations Coordinator 1
Operations Personnel 11
Multi-skill Personnel (Operations and Marine) 9

Marine Operations Personnel 8
Housekeeping 6
Shore-base Duties 4
Temporary Personnel/Visitors 30

Total Personnel 70
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Portable fire-fighting appliances,
Helideck fire-fighting system,
Accommodations sprinkler system, and,
Process deluge system.

Deck cranes and hoists would be installed on the deck of the FPSO for the loading and
unloading of materials and equipment, and to support maintenance operations onboard the
vessd.

A helideck able to accommodate a Sikorsky S-61N or comparable helicopter would be
located on the FPSO, likely directly aft of accommodations. The helideck would be designed in
accordance with Coast Guard requirements.

1.4.3 Operations
1.4.3.1 Installation

Installation of an FPSO system at a production site on the OCS would involve a series of
separate but interrelated steps. The subsea wells would be drilled, and wellheads, manifolds,
flowlines, umbilicals, and other subsea production equipment would be installed. The array of
mooring system anchors and anchor lines would be emplaced. The FPSO would then be towed
to the production site and connected to the mooring system. The flowline risers, umbilicals, and
gas export line would be connected to the FPSO at the turret.

For purposes of identifying and describing the impact-producing factors associated with
FPSO installation activities, Section 4.1.1 presents a more detailed description of the installation
activities that would occur for the base-case scenario FPSO system.

1.4.3.2 Routine Operations
Operation of an FPSO system involves the following:

Monitoring and operating subsea wells for the production of hydrocarbons;
On-board processing of the produced ail, gas, and water;

On-board temporary storage of the processed crude oil;

Export of the produced gas by pipeline to inshore terminals or processing plants,
Treatment of produced water to NPDES permit standards for overboard discharge;
Offloading of crude oil from FPSO storage tanks to shuttle tankers; and,

Shuttle tanker transport of oil to deepwater terminals or refinery ports.

Section 1.4.2 describes each of the FPSO system components for the base-case scenario,
including their configurations and operation. Many aspects of an FPSO operation are essentially
the same as those associated with other deepwater production facilities (i.e., spars, large tension-
leg platforms and semi-submersibles) in the GOM. However, unlike other deepwater production
facilities, FPSOs involve onboard storage of large volumes of crude oil, offloading of crude oil
to shuttle tankers, and shuttle tanker transport (as opposed to pipeline transport) of crude oil to
terminals and refinery ports.

14:001000 MMOL 00 05 00-T1346 1-32
Sl.doc-1/3/01



Section 1.4.3 — Section 1.5.1

Well maintenance and workover activities would be expected to occur on a periodic
basis, just as they would with other deepwater production facilities. Workover and well-
mai ntenance operations would be conducted from a separate floating drilling unit or some type
of intervention vessel.

Section 4.1.2 presents a detailed discussion of the base-case scenario FPSO system’'s
routine operations for purposes of identifying and describing the impact-producing factors
associated with those routine operations.

1.4.3.3 Decommissioning

Decommissioning an FPSO system involves removal or in-place abandonment of all
production site structures and equipment, including removing the FPSO vessel from the field,
either for salvage or for reuse at another field. Components such as jumpers, risers, mooring
lines, anchors, manifolds, and some wellhead equipment (subsea trees) would be retrieved for
salvage. Flowlines, pipelines, and umbilicals would be cleaned, capped, and abandoned on the
seafloor. Subseawellswould be plugged and abandoned in accordance with MM S regulations.

Section 4.1.3 presents a detailed discussion of the base-case scenario FPSO
decommissioning activities for purposes of identifying and describing the impact-producing
factors associated with these activities.

1.5 Regulatory and Administrative Framework

1.5.1 Applicable Federal Laws and Policies

The Outer Continental Shelf Lands Act

Under the Outer Continental Shelf Lands Act (OCSLA), the Department of the Interior is
required to:

Manage the orderly leasing, exploration, development, and production of oil and gas
resources on the Federal OCS;

Ensure the protection of the human, marine, and coastal environments;

Ensure that the public receives afair and equitable return for these resources; and
Ensure that free-market competition is maintained.

Within the U.S. Department of Interior, MMS is charged with the responsibility of
managing and regulating the development of OCS oil and gas resources in accordance with the
provisions of the OCSLA. The MMS operating regulations are presented in Chapter 30, Code of
Federal Regulations (CFR), Part 250. The MMS responsibilities and procedures in this regard
are described in Section 1.5.2.

In accordance with the OCSLA (43 U.S.C. 1354) and the Export Administration Act of
1969 (50 App U.S.C. 2405(d), oil that is produced on the U.S. OCS must go to aU.S. port.
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The National Environment Policy Act and the Council on Environmental Quality

NEPA requires all Federal agencies to use a systematic, interdisciplinary approach to
protection of the human environment. Such an approach ensures the integrated use of natural
and social sciences in any planning and decision making that may have an impact on the
environment. The NEPA also requires the preparation of a detailed EIS on any major Federal
action that may have a significant impact on the environment. The EIS must address any adverse
environmental effects that cannot be avoided or mitigated, alternatives to the proposed action,
the relationship between short-term resources and long-term productivity, and irreversible and
irretrievable commitments of resources.

In 1979, the Council on Environmental Quality (CEQ) established uniform procedures
for implementing the procedural provisions of NEPA. These regulations provide for the use of
the NEPA process to identify and assess reasonable alternatives to proposed actions that avoid or
minimize adverse effects of these actions upon the quality of the human environment. AScoping
isused to identify the scope and significance of important environmental issues associated with a
proposed Federal action through coordination with Federal, State, and local agencies; the general
public; and any interested individual or organization prior to the development of an impact
statement. The process also identifies and eliminates from further detailed study issues that are
not significant or that have been covered by prior environmental review.

The Marine Mammal Protection Act

Under the Marine Mammal Protection Act (MMPA) of 1972, the Secretary of Commerce
is responsible for the protection of all cetaceans and pinnipeds (except walruses) and has
delegated authority for implementing the MMPA to the National Marine Fisheries Services
(NMFES). The Secretary of the Interior is responsible for walruses, polar bears, sea otters,
manatees, and dugongs and has delegated responsibility to USFWS for providing overview and
advice to the responsible regulatory agencies on al Federa actions bearing upon the
conservation and protection of these marine mammals.

The MMPA established a moratorium on the taking of marine mammals in waters under
U.S. jurisdiction. The Act defines Atakel to mean “hunt, capture, or kill or attempt to harass,
hunt, capture, or kill any marine mammal.i “Harassment( is defined as any act of pursuit,
torment, or annoyance that has the potential to injure a marine mammal or marine mammal stock
in the wild (level A); or has the potential to disturb a marine mammal or marine mammal stock
in the wild by causing disruption of behavioral patterns, including, but not limited to, migration,
breathing, nursing, breeding, feeding, or sheltering (level B). The moratorium may be waived
when the affected species or population stock is within its optimum sustainable population range
and would not be disadvantaged by the authorized taking, e.g., be reduced below its maximum
net productivity level, which is the lower limit of the optimum sustainable population range. The
Act directs the Secretary, upon request, to authorize the unintentional taking of small numbers of
marine mammals incidental to activities other than commercial fishing (e.g., offshore oil and gas
exploration and development) when, after notice and opportunity for public comment, the
Secretary finds that the total of such taking during the 5-year (or less) period would have a
negligible impact on the affected species.

The Act also specifies that the Secretary shall withdraw, or suspend for a specified period
of time, permission to take marine mammals incidental to oil and gas production, and other
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activities if the applicable regulations regarding methods of taking, monitoring, or reporting are
not being complied with, or the taking is having, or may be having, more than a negligible
impact on the affected species or stock.

In 1994, a new subparagraph (D) was added to Section 101(a)(5) to simplify the process
of obtaining Asmall takel exemptions when unintentional taking is by incidental harassment only.
Specifically, the incidental take of small numbers of marine mammals by harassment can now be
authorized for periods of up to one year without rulemaking, as required by Section
101(a)(5)(A), which remains in effect for other authorized types of incidental taking.

In October 1995, NMFS issued regulations authorizing and governing the taking of
bottlenose and spotted dolphins incidental to the removal of oil and gas drilling and production
structures in state waters on the GOM OCS for a period of 5 years. Letters of authorization must
be requested by and issued to individual applicants to conduct the activities (platform removals)
pursuant to the regulations.

To ensure that activities on the OCS adhere to MMPA regulations, MM S must actively
seek information concerning impacts of OCS activities on local species of marine mammals.

Since 1986, MMS, the U.S. Army Corp of Engineers, and OCS operators have been
following strict NMFS recommendations to prevent adverse impacts on endangered marine
turtles and avoid the incidental taking of marine mammals.

The Magnuson - Stevens Act of 1976

The Magnuson - Stevens Act of 1976 (MFCMA) (16 U.S.C. 1801-1882) established and
delineated an area from the States seaward boundary to approximately 200 nautical miles (nmi)
out as a fisheries conservation zone for the United States and its possessions. The Act created
eight regiona Fishery Management Councils (FMCs) and mandated a continuing planning
program for marine fisheries management by the FMCs. The Act, as amended, requires that a
Fishery Management Plan (FMP) based upon the best available scientific and economic data be
prepared for each commercial species (or related group of species) of fish that is in need of
conservation and management within each respective region.

The Act was reauthorized by Congress through passage of the Sustainable Fisheries Act
of 1996. The reauthorization implements a number of reforms and changes, including some that
are specific to the GOM. Three new standards were added to the seven existing standards.
These new standards consider fishing communities, by-catch, and human safety at sea. Changes
specific to the GOM concern the red snapper fishery: the previously approved individual transfer
guota system is repeaed; preparation of any information or plan pertaining to any individual
transfer quota system is prohibited; and the stock-s assessment and associated information will
receive a number of independent peer reviews.

When Congress reauthorized the Act in 1996, severa reforms and changes were realized.
For example, one change required the NMFS to designate and conserve Essential Fish Habitat
(EFH) for species managed under an existing FMP. The intentions of such changes are to
minimize, to the extent practicable, any adverse effects on habitat caused by fishing or
nonfishing activities and to identify other actions to encourage the conservation and
enhancement of such habitat. The phrase “essential fish habitat” as defined in the Sustainable
Fisheries Act encompasses “those waters and substrate necessary to fishes for spawning,
breeding, feeding, or growth to maturity.”
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EFH present within the central and western GOM fall under the jurisdiction of the Gulf
of Mexico Fishery Management Council (GMFMC). In addition to this regional council, the
NMFES Highly Migratory Species Management Division, Office of Sustainable Fisheries,
manages Atlantic tunas, swordfish, and sharks within a broad geographic region that
encompasses the GOM (NMFS, 1999b). Both documents were reviewed for this
characterization and assessment.

To date, nine FMPs have been implemented in the GOM. The FMP for shrimp was
implemented in 1981, for stone crab, in 1982; for spiny lobster, in 1982; for coastal pelagic fish,
in 1983; for coral, in 1984, for reef fish, in 1984; for swordfish, in 1985; for red drum, in 1987;
and for sharks, in 1982 (Justen, 1992). FMPs are amended and updated as new information from
studies and public input is received and assessed.

MMS will enter into formal consultation with NMFS for EFH as part of this EI'S process.

The Endangered Species Act

The Endangered Species Act of 1973, as amended, establishes protection and
conservation of threatened and endangered species and the ecosystems upon which they depend.
The Act is administered by FWS and NMFS. Section 7 of the Act governs interagency
cooperation and consultation. The MMS formally consults with NMFS and FWS to ensure that
activities on the OCS under MMS jurisdiction do not jeopardize the continued existence of
threatened or endangered species and/or result in adverse modification or destruction of their
critical habitat. As a part of the process for developing this EIS, MM S will complete Section 7
consultation with both FWS and NMFS regarding the proposed use of FPSOs in the Western and
Central Planning Areas of the GOM OCS.

The FWS and NMFS make recommendations regarding modifications of oil and gas
operations to minimize adverse environmental impacts; however, it remains the responsibility of
MMS to ensure that proposed actions do not impact threatened or endangered species

The Marine Protection Research, and Sanctuary Act

The Marine Protection, Research, and Sanctuaries Act of 1972 established the National
Marine Sanctuary Program, which is administered by the National Oceanic and Atmosphere
Administration (NOAA) of the Department of Commerce. The Flower Garden Banks National
Marine Sanctuary (NMS) was designated in 1992. The Department of the Interior has taken
action to protect the biological resources of the blocks wholly underlain by the Flower Garden
Banks (Blocks A-375 and A-398 in High Island Area, East Addition, South Extension, which are
excluded from leasing). The MMS has also established a ANo Activity Zonel around the Flower
Garden Banks and has established other operations restrictions as described in the Topographic
Features Stipulation. Stetson Bank was added to the Flower Garden Banks NMS in 1996 and is
currently protected by aANo Activity Zone.§

The Oil Pollution Act

OPA 90 establishes a single uniform Federal system of liability and compensation for
damages caused by oil spillsin U.S. navigable waters. OPA 90 requires removal of spilled ail
and establishes a national system of planning for and responding to oil spill incidents. OPA 90
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includes provisions to (1) improve oil-spill prevention, preparedness, and response capability; (2)
establish limitations on liability for damages resulting from oil pollution; (3) provide funding for
natural resource damage assessment; (4) implement a fund for the payment of compensation for
such damages, and (5) establish an oil pollution research and development program. The
Secretary of Interior is given authority over offshore facilities and associated pipelines (except
deepwater ports) for all Federal and State waters, including responsibility for spill prevention,
oil-spill contingency plans, oil-spill containment and clean-up equipment, financial responsibility
certification, and civil penalties. The Coast Guard is responsible for enforcing vessel compliance
with OPA 90.

The Clean Water Act

The Federa Water Pollution Control Act (FWPCA) of 1972, as amended, commonly
referred to as the Clean Water Act (CWA), authorizes the USEPA to issue National Pollutant
Discharge Elimination System (NPDES) permits to regulate discharges into waters of the United
States. On March 4, 1993, the USEPA issued revised Effluent Limitations Guidelines and New
Source Performance Standards that set more restrictive conditions than were previously applied
to discharges on the OCS. These limitations and standards are now being incorporated into
GOM NPDES permits, which in turn, place further conditions on discharges to reduce biological
impacts.

USEPA, Region 6, has jurisdiction for NPDES permitting in the area being considered
for the proposed use of FPSOs. Region 6 issued its Final NPDES permit for new and existing
sources in offshore waters of the western portion of the GOM in November 1998 (63 FR 58722),
and a subsequent modification was issued on April 19, 1999 (64 FR 19156). Under this permit,
new sources (in the offshore subcategory of the oil and gas extraction point source category) are
allowed to discharge produced water. Limits based on ocean discharge criteria are included in
the permit to ensure compliance with Section 403(c) of the Clean Water Act. For the proposed
use of FPSOs, produced water discharges will be regulated either under the general NPDES
permit current at the time or under an individual NPDES permit (this is to be determined by
USEPA).

The Clean Air Act

The Clean Air Act (CAA), as amended, delineates jurisdiction of air quality between the
USEPA and DOI. For OCS operations in the GOM, those west of 87.5EW. longitude are subject
to MMS air quality regulations; operations east of 87.5EW. longitude are subject to USEPA air
quality regulations.

Under the CAA, the Secretary of the Interior is required to consult with the Administrator
of the USEPA onshore areas “to assure coordination of air pollution control regulations for OCS
emissions and emissions in adjacent onshore areas.” The MMS established 30 CFR 250.302,
250.303, and 250.304 to comply with the CAA. The regulated pollutants include carbon
monoxide, particulates, sulfur dioxide, nitrogen oxides, and volatile organic compounds (as a
precursor to ozone). In areas where hydrogen sulfide may be present, operations are regul ated
by 30 CFR 250.67. The above regulations allow for the collection of information about potential
sources of pollution for the purpose of determining whether the projected emissions of air
pollutants from a facility could result in ambient onshore air pollutant concentrations above
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maximum levels provided in the regulations. These regulation also stipulate appropriate
emissions controls deemed necessary to prevent accidents and air quality deterioration.

MMS expects that the general conformity rule at 40 CFR Part 93, Subpart B would be
applicable for approval of site specific development proposals involving shuttle tanker
offloading of crude oil in GOM refinery ports and terminals. The rule requires that responsible
agencies (Federal agencies conducting or permitting an action) must ensure that proposed
activities do not interfere with state(s) implementation plan(s) (SIP[s]) for air quality attainment.
As this EIS is a programmatic document addressing a generic FPSO system, the MMS believes
that a conformity analysis is not appropriate at this programmatic stage. If an OCS Plan for an
FPSO with tankering of OCS-produced oil to a port or ports affected by a SIP is submitted to the
MMS, a conformity analysis will be required in support of the MMS review and decision
process. Consultation and coordination with the affected state(s) would occur in conjunction
with the conformity analysis.

The Resource Conservation and Recovery Act

The Resource Conservation and Recovery Act (RCRA) provides aframework for the safe
disposal and management of hazardous and solid wastes. Most oil-field wastes have been
exempted from coverage under RCRA:s hazardous waste regulations. Any hazardous wastes
generated on the OCS that are not exempt must be transported to shore for disposal at a
hazardous waste facility. Exempt wastes taken from the GOM OCS for disposal are regulated in
Texas, Louisiana, and Mississippi.

The Marine Plastic Pollution Research and Control Act

The Marine Plastic Pollution Research and Control Act (MPPRCA) of 1987 implements
Annex V of the International Convention of the Prevention of Pollution from Ships (MARPOL).
The GOM has received ASpecial Areal status under MARPOL, thereby prohibiting the disposal
of al solid waste into the marine environment. Fixed and floating platforms, drilling rigs,
manned productions platforms, 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.

The Coastal Zone Management Act

Pursuant to the Coastal Zone Management Act (CZMA) and the Coasta Zone
Reauthorization Amendments of 1990, all Federal activities must be consistent to the maximum
extent practicable with the enforceable policies of each affected Statess coastal zone management
(CZM) program. Each Statees CZM program sets forth objective, policies, and standards
regarding public and private use of land and water resources in the coastal zone.

A State with an approved CZM plan reviews Development Operations Coordination
Documents (DOCDs) to determine whether the proposed activities are consistent with that
State’s CZM plan. The MM S may not issue a permit for activities described in a plan unless the
State concurs, or is conclusively presumed to have concurred, that the plan is consistent with its
CZM plan.
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The MMSs GOM OCS Region sends copies of DOCDsCincluding the consistency
determination and other necessary informationCto the designated State CZM agency. If no
State-agency objection is submitted by the end of the review period, MMS shall presume
consistency concurrence has been received from the State. The MM Ss Gulf Region may then
approve any permit for activities describe in the plan. If the Gulf Region receives a written
objection from the State, the Region will not approve any permit for the activity until consistency
of the activity with the State’s CZM is achieved. The Gulf Region does not impose or enforce
additional State conditions when issuing permits, but it can require modification of a plan if the
operator has agreed to requirements requested by the State.

Ports and Waterways Safety Act

The Ports and Waterways Safety Act (33 U.S.C. 1223) authorizes Coast Guard to
designate safety fairways, fairway anchorages, and traffic separation schemes (TSSs) to provide
unobstructed approaches through oil fields for vessels using GOM ports. The Coast Guard
provides listings of designated fairways, anchorages, and TSSs in 33 CFR 166 and 167, along
with special conditions related to oil and gas production in the GOM. In general, no fixed
structures such as platforms are allowed in fairways. Temporary underwater obstacles such as
anchors and attendant cables or chains attached to floating or semisubmersible drilling rigs may
be placed in a fairway under certain conditions. Fixed structures may be placed in anchorages,
but the number of structuresis limited.

A TSSis a designated routing measure designed to separate opposing streams of traffic
by appropriate means and by the establishment of traffic lanes (33 CFR 167.5). The Galveston
Bay approach TSS and precautionary areasis the only TSS established in the GOM.

Merchant Marine Act of 1920 (Jones Act)

The Merchant Marine Act of 1920, commonly referred to as the Jones Act (P.L. 66-261)
regulates coastal shipping between U.S. ports and inland waterways. The Act provides that “no
merchandise shall be transported by water, or by land and water...between points in the United
States...in any other vessel than a vessel built in and documented under the laws of the United
States and owned by persons who are citizens of the United States... ”

Therefore, the Act requires that all goods shipped between different ports in the U.S. or
its territories must be:

Carried on vessels built and documented (flagged) in the U.S,,
Crewed by U.S. citizens or legal alienslicensed by Coast Guard, and
Owned and operated by U.S. citizens.

The rational behind the Jones Act and earlier Cabotage laws was that the United States
needed a merchant marine fleet to ensure that its domestic waterborne commerce remains under
government jurisdiction for regulatory, safety, and national defense considerations. The same
general principles of safety regulations are applied to other modes of transportation in the United
States. While other modes of transportation can operate foreign-built equipment, these units
must comply with U.S. standards. However, many foreign-built ships do not meet the standards
required of U.S.-built ships and thus are excluded from domestic shipping.
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The U.S. Customs Service has determined that facilities fixed or attached to the OCS for
the purpose of oil exploration as described under Section 1333(a) of Title 43, United States
Code, are considered points within the U.S. Therefore, OCS oil facilities are considered U.S.
sovereign territory and fall under the requirements of the Jones Act. This carries the implication
that all shipping to and from these facilities related to oil exploration on the OCS can only be
conducted by vessels meeting the requirements of the Jones Act. Therefore, shuttle tankering of
oil that is produced at OCS facilities can only be legally provided by U.S.-registered vessels and
aircraft that are properly endorsed for coastwise trade under the laws of the U.S.

Executive Order 12898: Environmental Justice

The environmental-justice policy, based on Executive Order 12898, requires agencies to
incorporate into NEPA documents analysis of the environmental effects of their proposed
programs on minorities and low-income populations and communities. Scoping and review for
the EIS is an open process that provides an opportunity for all participants, including minority
and low-income populations, to express concerns that can be addressed in the EIS.

1.5.2 MMS Regulatory Authority

The MMS is charged with responsibility for managing and regulating the devel opment of
OCS ail and gas resources in accordance with the provisions of OCSLA (described in Section
15.1). MMS operating regulations are provided in 30 CFR, Chapter 250. The MMS's
established regulatory framework (including review, evaluation, and decision-making processes)
isapplicable to all activities considered in thisEIS.

The MMS procedures for managing and regulating OCS development activities,
including those applicable to floating production systems such as FPSOs, are summarized below.

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 al operations are
conducted in a safe and environmentally sound manner. The focus of the regulationsis 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 MMS's regulatory
requirements.

The MMS operating regulations, 30 CFR 250, are designed to, “. . . 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, or waste of, any natura resource (including any minera
depositsin areas leased or not leased), any life (including fish and other aquatic life), property, or
the marine, coastal, or human environment.” The operating regulations provide reguirements
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 all aspects of offshore work.

Prior to commencing exploration, development, or production activities on a lease,
operators must submit detailed plans of these activities for MMS review, evaluation, and

14:001000 MMOL 00 05 00-T1346 1-40
Sl.doc-1/3/01



Section 1.5.2

decision. No activities may occur until approval has been granted by MMS. Proposed activities
are evaluated through established technical, safety, and environmental review processes.
Specific requirements must be addressed in these plans relative to operating conditions and
environmental considerations. Supporting environmental information required may include
archaeological, biological, and geohazards surveys and reports. If a plan is approved, operators
must still submit applications for specific operations for review and approval prior to
commencing operations. Upon approval of activities, lessees must comply with all lease
stipulations, operational regulations, permit requirements, mitigation measures, and other
applicable Federal laws and 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 include state-of-the-art drilling technology, production safety systems, completion of oil
and gas wells, ail-spill response plans, pollution-control equipment, and specifications for
platform/structure designs.

The MMS completes a technical and safety review of all proposed production facility
designs and installation procedures. All proposed facilities in the GOM Region are reviewed for
structural integrity. These detailed classical engineering reviews entail an intense evaluation of
all operator proposals for fabrication, installation, modification, and repair of all mobile and
fixed structuresin the GOM Region.

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, well workover activities, 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
install ations open to hydrocarbon-bearing zones below the surface must be equipped with safety
devices that automatically shut off the flow from the well in the event of an emergency (unless
the well is incapable of flowing). New technologies for deepwater activities are evolving rapidly.
Most of the MMS operating regulations were written prior to the rapid increase in deepwater
activities, and advancements in technology typically outpace the regulatory 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 GOM. 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 all proposed subsea devel opments.

Notice to Leesees and Operators (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 technologies. A DWOP is intended to address the
different functional requirements of production equipment in deep water, particularly the
technological requirements associated with subsea production systems, and the complexity of
deepwater production facilities. A DWOP provides MMS with information specific to
deepwater equipment issues to demonstrate whether a deepwater project is being developed in an
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acceptable manner as mandated in the OCSLA, as amended, and the MM S operating regulations
(30 CFR 250). The MMS reviews deepwater development activities from a total system
perspective, emphasizing operational safety, environmental protection, and conservation of
natural resources.

For MMS to grant alternative compliance approvals, the operator must demonstrate an
equivalent or increased degree of protection. Comparative analysis with other approved systems,
equipment, and procedures is another tool that MM S can use to assess the adequacy of protection
provided by an alternative. Actual in-service experience with an alternative compliance measure
must be demonstrated by the lessee or operator before MM S will consider it a 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. 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 may involve a qualitative risk assessment and a review of the operations and
equipment.

The MMS evaluates the design, fabrication, installation, and maintenance of pipelines.
Proposed pipeline routes are evaluated for potential geologic hazards and other natural or man-
made 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 periodicaly inspect pipeline routes, and
monthly overflights are conducted to inspect pipeline routes for |eakage.

The Oil Pollution Act of 1990 (OPA, 90) requires removal of spilled oil and establishes a
national system for planning for and responding to oil-spill incidents. MMS mandates that the
operator of a lease possess a pro-active spill prevention program, a current viable oil-spill
contingency plan, financial responsibility certification, and a system to ensure that the operator
can obtain oil-spill containment and clean-up equipment quickly. The MMS regulations (30
CFR 254) require al owners and operators of oil processing and handling, storage, or
transportation facilities located seaward of the coastline to submit an Oil Spill Response Plan
(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
liquid known to be detrimental to the environment. Pipelines carrying essentially dry gas do not
require aplan.

A response plan must be submitted before an owner/operator can use a facility. To
continue operations, the facility must be operated in compliance with the approved plan. All
MM S-approved OSRPs are required to be reviewed and updated every two years.

A Certificate of Financial Responsibility (COFR Program) is required for every GOM
Region drilling, workover, production, and pipeline operation that may involve the accidental
release of hydrocarbon liquids into the environment. The MMS determines the amount of
financia responsibility required for offshore facilities as prescribed by OPA 90. The OPA
agency analysis applies an assessment protocol to estimate the operator’s likely liability for a
worst-case spill from a facility or class of facility. The responsible party must demonstrate to
MMS (or state) that sufficient funds for cleanup and damage liability would be available if
needed.

The MMS s regulations provide for the collection of information about potential sources
of pollution. Thisinformation is used to determine whether projected emissions of air pollutants
from a facility may result in ambient onshore air pollutant concentrations above USEPA
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significance levels and to identify appropriate emissions controls to prevent accidents and air
quality deterioration. Regulated pollutants include carbon monoxide, suspended particulates,
sulfur 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 concentrations above 20 parts per million (ppm) are required to
file a contingency plan for hydrogen sulfide 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) Sandard Material Requirement MRO75-97 for Sulfide Stress
Cracking Resistant Metallic Materials for Qilfield Equipment (NACE, 1990). The American
Petroleum Institute (APl) has also developed “Recommended Practices for Oil and Gas
Producing and Gas Processing Plant Operations Involving Hydrogen Sulfide” (API, 1995). The
MMS issued an NTL titled “Hydrogen Sulfide (H>S) Requirements’ to provide guidance on
sensor location, sensor calibration, respirator breathing time, measures for protection against
hydrogen sulfide, requirements for classifying an area for the presence of hydrogen sulfide,
requirements for flaring and venting of gas containing hydrogen sulfide, and other issues
pertaining to operations that involve hydrogen sulfide.

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 of the lessee and is performed 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, 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.

The MMS administers an active civil penalties program. This program provides a high-
profile compliance and enforcement tool. A civil penalty in the form of substantial monetary
fines may be issued against any operator that commits a violation that may constitute a threat of
serious, irreparable, or immediate harm or damage to life, property, or the environment. The
MMS may make recommendations for criminal penalties if a willful violation occurs. In
addition, the regulation in 30 CFR 250 directs MMS to suspend any operation in the GOM
Region if the lessee has failed to comply with a provision of any applicable law, regulation, or
order or provision of a lease or permit. Furthermore, the Secretary may invoke his authority
under 30 CFR 250 and cancel alease.

The MMS conducts both announced and unannounced on-site inspections of all
production facilities and monthly inspections of all drilling and workover facilities to ensure
compliance with lease terms, NTLs, and approved plans, and to ensure that safety and pollution-
prevention requirements of regulations are met. These inspections focus primarily 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 afacility to ensureit isworking properly.
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The MMS encourages al operators to participate in the Safety and Environmenta
Management Program (SEMP) that is detailed in the American Petroleum Institute's
Recommended Practice, APl RP 75. This comprehensive environmental and safety program
addresses all facets of oil and gas operations.

L essees/operators must notify MMS 30 days before removal of a structure and provide
the following information: 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, the
amount and type of explosive per charge); and the number and size of well conductors to be
removed and the removal technique. At present, if a structure remova involves the use of
explosives, an environmental assessment is prepared and an Endangered Species Section 7
Consultation isinitiated with NMFS. The NMFS issued a*“standard” Biological Opinion on July
25, 1988, which covers removal operations that meet specified criteria pertaining to the size of
explosive charge used, detonation depth, and number of blasts per structure grouping. The use of
explosivesto cut offshore oil/gas structure legs/pilings for removal could cause injury or death to
protected marine mammals and endangered sea turtles. Mitigation measures have been
developed to decrease the likelihood of impact on these protected species. Although NMFS has
the responsibility to enforce protection of the majority of marine mammals in the GOM, MMS
and NMFS have conferred extensively in the development of platform removal precautions and
have employed data resulting from equations found in Connor (1991). The MMS, NMFS, and
lessees are cooperating in an observer/monitoring program to determine whether marine
mammals and/or sea turtles are present in the vicinity of the structure removals. The NMFS
sends approved observers to every structure removal where explosives are used. Since the
NMFS protective observer program began in 1986, only one sea turtle is known with certainty to
have been harmed. Others have been removed from the area of platform removal prior to
detonation. If cetaceans are observed in the vicinity of aremoval site, detonations are postponed
until the animals have vacated the area.

Under MMS operating regulations and lease agreements, lessees must remove objects
and obstructions from the seafloor upon termination of a lease. The MMS requires lessees to
submit a procedural plan for site clearance verification. Lessees must ensure that all objects
related to their activities are removed following termination of their lease. NTL 98-26
established site clearance verification procedures that included trawling the cleared site over 100
percent of the established clearance radii by a licensed shrimper. Lessees are required to file
reports on the results of their site clearance activities.

1.5.3 Coast Guard Regulatory Authority

Primary responsibility for the enforcement of U.S. maritime laws and regulations in
GOM waters falls upon Coast Guard. The Coast Guard’s responsibilities for regulating activities
on the OCS, the continental shelf, and in ports and harbors, as applicable to the proposed action,
are presented in Title 33 CFR, chapters 1-199; Title 43 U.S.C. section 1331; Title 46 U.S.C., Part
A and B; and OPA 90. The Coast Guard is responsible for managing and regulating provisions
for safe navigation of vessels in U.S. waters, as well as the enforcement of environmental and
pollution prevention regulations. As such, Coast Guard provides for the regulation and
enforcement of hazardous working conditions on the OCS, for the management and regulation of
measures for pollution prevention in territorial waters, and for ensuring that the provisions of
OPA 90 and the MPPRCA (i.e., MARPOL Annex V) are implemented.
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The Coast Guard’ s regulatory position with regard to proposed use of FPSOs includes the
following specific points:

Coast Guard considers any FPSO to be a “vessel” based on the definition of vessels
asset forthin Title 46 U.S.C. "2101 (45), referencing 1 U.S.C. "3.

Crude oil produced from a subsea installation by an FPSO is “cargo” per the
definition of “cargo” in the tank vessel regulations in Title 46 CFR, Section 30.10-5.
The crude that is produced and stored aboard any FPSO, regardless of the FPSO's
mode of propulsion type or connection to the riser, is considered cargo. Therefore,
cargo tanks aboard an FPSO are subject to the tank vessel requirements in Title 33
CFR, Part 157, and the double-hull provisions of OPA 90.

The Coast Guard considers the offloading operations associated with FPSOs to be
lightering operations; therefore, the lightering regulations in 33 CFR, Part 156, are
applicable. In line with this, Coast Guard considers the establishment of designated
lightering zones (33 CFR, Part 156.225) and lightering-prohibited areas (33 CFR, Part
156.310) as applicable to FPSO offloading operations.

Because FPSOs are considered to be tank vessels, FPSOs must comply with OPA 90
double-hull requirements presented in Title 46 U.S.C., Section 3703a. According to
this section, tank vessels constructed after June 30, 1990, are, with limited exception,
required to have double hulls. However, the Act alows existing single-hull tank
vessels to be operated until they reach their mandatory retirement age. These
retirement dates vary depending upon the age of the vessel and hull configuration.
All non-OPA-90 compliant vessels will beretired by the year 2015.

Based on Coast Guard's weighing of the risk for any particular FPSO operation, the
cognizant District Commander has the authority to establish a safety zone of 500
meters around an FPSO operation in accordance with the regulations presented in 33
CFR, Part 147.

Coast Guard regulations presented in 33 CFR, Subchapter N, pertain to Coast Guard
responsibility in governing OCS activities and pollution prevention measures on the
OCS. Various aspects of operations plans, vessel designs, safety systems, and
contingency plans are subject to Coast Guard review, inspection, and approval (Coast
Guard, written communication, November 16, 1998).

The OCS Lands Act (43 U.S.C.) provides Coast Guard with extensive authority to
monitor, inspect and regulate occupational safety and health provisions of facilities on
the OCS. Specificaly, 43 U.S.C. 1347 (c) provides Coast Guard with the authority to
promulgate regulations or standards applying to unregulated hazardous working
conditions related to activities on the OCS.

The Coast Guard reviewed the DEIS, as well as relevant agency and public review
comments on the DEIS that were received by MMS. Coast Guard comments are provided in
Appendix B. In thiswritten correspondence, Coast Guard reiterates its position regarding FPSOs
as “tank vessels’, and the applicability of OPA 90 requirements for FPSOs. In addition, Coast
Guard addresses its regulatory authority over the use of ATBs (ak.a integrated tug barges
[ITBS]), regulatory requirements for use of federally licensed pilots on U.S. flag tanker vessels
caling on U.S. ports, concerns regarding the need for minimum requirements for oil spill
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response capability, and broad concerns regarding the need for cooperative efforts by all parties
in planning and coordinating vessel traffic schemes.

1.5.4 Memorandum of Understanding (MOU) Between MMS and Coast Guard

On December 16, 1998, MMS and Coast Guard updated and signed a Memorandum of
Understanding (MOU) concerning responsibilities for offshore facilities on the OCS. Given the
overlap in jurisdictions of MMS and Coast Guard regarding some issues, the MOU delineates
lead responsibilities for managing OCS activities in accordance with OCSLA and OPA 90.

Because of jurisdictional overlap and the large array of regulatory provisions pertaining
to activities on the OCS, MMS and Coast Guard have established a formal Memorandum of
Understanding (MOU) that defines their respective roles. The MOU, dated August 1989 and
updated December 1998 (and published in the Federal Register on January 15, 1999), defines the
responsibilities of both agencies regarding the management of oil and gas activities in the OCS.
The MOU is designed to minimize duplication and promote consistent regulation of facilities
under the jurisdiction of both agencies.

The MOU assigns both agencies with responsibility for the various aspects of the design,
implementation, and operation of OCS facilities, including floating facilities such as FPSOs.
Generally, the MOU identifies MMS as the lead agency for matters concerning the equipment
and operations directly involved in the production of oil and gas. These include among others:
design and operation of risers, permanent mooring foundations of the facility, drilling and well
production and services, inspection and testing of all drilling-related equipment, and platform
decommissioning. Issues regarding the safe operation of the facility, its systems, and the
equipment needed to support all operations on board generally fall under the jurisdiction of Coast
Guard. These include among others. design of vessels, their seakeeping characteristics,
propulsion and dynamic positioning systems, supply and lightering procedures and equipment,
utility systems, safety equipment and procedures, and pollution prevention and response
procedures.

Both agencies will continue to be responsible for accident investigations and will
coordinate to minimize duplication of efforts. For those incidents where both agencies have an
investigative interest in the systems involved, one agency will assume lead investigative
responsibility, with supporting participation provided by the other agency.

The MOU between MM S and Coast Guard is provided in Appendix A.

1.6 Public Involvement

The MMS Notice of Intent (NOI) to prepare an EIS was published in the Federal
Register on June 10, 1999 (Appendix C). Under NEPA, the publishing of an NOI by the lead
Federal agency formally initiates public scoping and the EIS process. The notice provided
information on the type of action being proposed, the geographic area of the proposed action,
and the preliminary set of alternatives to be considered. The NOI solicited involvement of
interested parties and initiated the 45-day comment period during which issues and concerns
regarding the proposed action could be presented to MMS for consideration in the EIS process.
The NOI also incorporated the announcement of formal public scoping meetings, including
dates, locations, and meeting times.
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Scoping

Scoping is an integral and required early step in the preparation of an EIS under NEPA.
Federal and local government agencies and the public are introduced to the proposed action and
notified of a Federal agency’s intent to prepare an EIS. Issues and concerns regarding the
proposed action are received and considered by the lead Federal agency to ensure that the
anaysis of the proposed action and its potential environmental consequences is inclusive and
appropriately focused. Scoping meetings are held in locations that are accessible to stakeholders
and provide a forum where the interested public can be briefed on the nature of the proposed
action and on the process and schedule for the EIS activities and document availability. Most
importantly, the scoping meetings allow the public to express any issues or concerns about the
proposed action and to ask questions about the EIS process prior to the preparation of the EIS.

A scoping notification letter, dated June 10, 1999, was sent to 883 interested parties
identified on the MM S project mailing list to inform them of the upcoming scoping meetings and
the purpose of the project.

Notices announcing the scoping meetings and MMS's intent to prepare an EIS were
published in advance in the local newspapers in cities where the meetings were held. The public
scoping meetings were held on June 21, 1999, in Corpus Christi, Texas, June 22, 1999, in
Houston, Texas; June 23, 1999, in Beaumont, Texas,; June 24, 1999, in Lake Charles, Louisiana;
and June 28, 1999, in Kenner, Louisiana.

Written comments in response to the NOI, newspaper notices, and the scoping meetings
were received through July 26, 1999. A total of six written responses were received from the
public in response to the EIS scoping notifications that were published and mailed, and as a
result of the scoping meetings. Written correspondence expressing issues and concerns were
received from: Port Fourchon, located in Galliano, Louisiang; the U.S. FWS; Shell Offshore,
Inc.; the LA 1 Coadlition, a public interest group located in Louisiana; the State of Louisiana,
Department of Wildlife and Fisheries; and one citizen from Marrero, Louisiana.

A summary of the comments received during the scoping period for the preparation of the
ElSisprovided in table 1-2.

Public Review and Comment on the DEIS

The Notice of Availability for the DEIS was published in the Federal Register on August
15, 2000. Document distribution commenced on August 11, 2000. The MMS distributed the
DEISto interested parties for review and comment, and the document was also made available at
public library repositories. Comments on the DEIS were solicited from the public in the forum
of public hearings, as well as in written correspondence. A public hearing notice was advertised
in the Federal Register in advance of hearings, and the location, date, and time of hearings was
advertised in local newspapers for the communities where hearings took place. The public
hearings for receiving public comments on the DEIS were held in Houston, Texas; Lake Charles
and New Orleans, Louisiana; and Mobile, Alabama Notices and advertisements regarding
availability of the DEIS and public hearing information also provided instructions for submitting
written comments and identify the closing date for receiving public comments. The details
regarding the public forums that were conducted for the preparation of this EIS, aswell as public
comments received, and MM S responses to these comments are provided in Sections 5.3 through
5.5.
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Issues Identified During the Public Scoping Period for the EIS

Table 1-2

Issue

Number of Comments Received During the Public Scoping Meetings

Corpus Houston,

Christi, ™
>

Number of Comments Received

Beaumont, TX  Lake Kenner,

Charles, LA
LA

Number of
Written
Comments

Total
Comments
Received

Storms/ Hurricanes 1

1

Safety/ Lightering 1

1 1

Double Hull Versus 1 1
Single Hull Vessels

1

W(H|IN

Alternative 1 1
Technologies for

Retrieving

Hydrocarbon

Resources

1 1

Topographic Features 1

=

Potential for Damage 1
to Natural Resources

Regulations and 1
Requirementsfor U.S.
Flagged Vessels

Potential for Impact to
Infrastructure

Potential for
Endangered species
Disturbance

Potential for FPSOs
Resulting in Benefits
to Local Communities

Potential for Systems
Failures on FPSOs
Resulting in Spills

Concernsfor U.S.
Coast Guard
Lightering Prohibited
Areas

Need for Meetingsin
Other States/
Mississippi and
Alabama

Potential for Having to
Respond to Multiple
Concurrent Accidents
in Gulf of Mexico

Liability for Oil Spills

Need for Oil Spill
Response Plans

Potential for Terrorist
Attacks on FPSOs

Useof Pipelinesfor 1
Transport of
Hydrocarbons
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2. ALTERNATIVES

2.1 Background

The scoping process discussed in Section 1.5, as well as other forums hosted by MM S
and DeepStar (Section 2.1.2), resulted in the identification of alternatives, issues of concern, and
potential mitigation measures, each of which is summarized in the following sections.

2.1.1 Identification of Alternatives

As this is a programmatic EIS, alternatives represent broad, agency policies concerning
the potential use of FPSOs in the GOM. Reasonable alternatives to the proposed action were
identified within the bounds of MM S's existing jurisdictional authority to regul ate devel opment
of petroleum hydrocarbons on the OCS. Only alternatives involving the use of FPSOs on the
GOM OCS were considered; aternative development technologies are evaluated in MMS's
Deepwater Environmental Assessment (USDOI, MMS 2000a) and GOM OCS lease sale EISs,
and are not considered in thisEIS.

2.1.1.1 Alternatives Analyzed

The aternatives analyzed in this EIS are briefly described below and further discussed in
Section 2.2.

Alternative A — Conceptual Approval of FPSOs (The Proposed Action)

Alternative A is the implementation of a policy accepting the conceptua use of the base
case FPSO system in the deepwater areas of the Western and Central Planning Areas of the
GOM within the range of design and operational variations considered in the EIS. Under this
aternative, FPSOs would be considered an acceptable deepwater development technology for
usein the GOM.

Alternative B — Conditional Approval of FPSOs (The Proposed Action with
General Restrictions or Conditions)

Alternative B is the implementation of a policy accepting the conceptual use of the base
case FPSO system and range of optionsin the GOM OCS with general restrictions on the design,
operation, or geographic location as conditions of approval. Certain restrictions were identified
for consideration based on existing regulatory requirements and the findings of the risk
assessment and/or impact assessment performed for this EIS. These restrictions or conditions are
analyzed as variations of Alternative B and are described in Section 2.2.2.

Alternative C — No Action
Under the No Action alternative, the concept of using FPSOs in the GOM OCS would
not be accepted based on thisEIS.
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2.1.1.2 Alternatives Considered But Not Analyzed

Only programmatic alternatives involving the use of FPSOs on the GOM OCS were
considered in the preparation of this EIS; alternative technologies were not considered. Project-
specific mitigation alternatives also were not considered; alternatives based on mitigation
measures are best evaluated by project-specific NEPA documents. No additional alternatives
were proposed during the scoping process.

A non-ship-shape FPSO, such as a spar with storage capacity, was considered as an
aternative but not analyzed. Such an FPSO deviates dramatically from other FPSOs in its
feasibility, installation, operations, and decommissioning. Therefore, a proposal for a non-ship-
shape FPSO would be subject to a separate NEPA review.

Any specific proposal for use of an FPSO submitted to the MMS will go through a site-
specific/project-specific environmental review process. An Environmental Assessment (EA)
tiered off of this EIS will be prepared for any FPSO proposal within the range of parameters
evaluated within this EIS. An EA will likely take several months to complete. If a proposal is
submitted to MMS for a non-ship-shaped FPSO (e.g., a spar-shaped FPSO) or for an FPSO with
design or operational parameters outside the ranges evaluated in this EIS, an EA and/or a Sup-
plemental EIS will prepared. If the findings of the EA indicate the potential for significant im-
pacts that were not evaluated in this EIS, a supplemental EIS will be prepared to address those
specific issues. If the proposed activities pose obviously different risks or impacts, or if the pro-
posed activities are highly controversial, a supplement EIS may be initiated without an EA being
prepared first. Preparation of a supplemental EIS, including the formal public input opportuni-
ties, will likely take approximately one year to complete.

2.1.2 Issues

The major issues of concern considered and/or analyzed in this EIS include many of the
same issues identified during scoping for previous MMS's NEPA documents covering OCS ail
and gas development, as well as issues identified specificaly for FPSOs. The following sources
were used to focus more specifically on issues of concern related to use of FPSOs for deepwater
development:

$ Public scoping for thisEIS;
$ MMS'sDeepwater Environmental Assessment; and
$ The FPSO workshop co-sponsored by MM S and DeepStar on April 16, 1997.

Many of the issues identified in the Deepwater EA are related to impact-producing
activities or risk factors generally associated with deepwater oil and gas production. As noted in
the Deepwater EA, many of these issues have been analyzed in previous NEPA documents, and
these anadyses are referenced where appropriate.  Only issues unique to FPSO-based
development systems were selected for detailed analysis in this EIS. Most of these issues are
associated with the following unique aspects of FPSO operations:

$ Offshore storage of large volumes of OCS-produced crude oil,
$ Off-loading of OCS-produced crude oil offshore, and
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$ Transport of OCS-produced crude oil via surface vessel (versus transport via marine
pipeline).

2.1.2.1 Issues Analyzed

Issues of concern relate to: potential impact-producing factors associated with FPSO
operations and support activities; sensitive environmental resources that could be impacted by
FPSO construction, installation, operation, decommissioning, and associated transportation and
support activities; and socioeconomic activities that could be affected by FPSO-related
activities. Theissuesjudged to warrant analysisin this EIS are identified in table 2-1.

Resources of Concern

The environmental resources that are potentially vulnerable to impacts from construction
and operation of FPSOs in the GOM are:

Air quality

Water and sediment quality

Coastal habitats

Benthic communities

Marine mammals

Seaturtles

Coastal and marine birds

Fish

Commercia and recreational fisheries
Social and economic conditions
Recreational resources and beach use
Cultural resources

Other uses

APAPAAL AP APHHHSH

The issues of concern identified above are analyzed under these resource topics in
Section 4.

2.1.2.2 Issues Considered But Not Analyzed

Numerous other issues related to deepwater OCS production that were considered were
determined not to be unique to FPSO-based development; therefore, they are not analyzed in this
EIS. Theseissues are summarized in table 2-2.
2.1.3 Mitigation Measures

Many of the issues identified in table 2-1 have been analyzed in previous NEPA

documents and, in some cases, mitigation measures were developed through the NEPA process.
Many of the mitigation measures have been established by MMS operating regulations or
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Table 2-1

Issues Analyzed

Topic

7
3

Qil spills

Use of Chemicals
Air emissions

Biologica communities

Socioeconomic and
sociocultural conditions

FPSO operations

Support services,
activities, and
infrastructure

AR PAARARAPARRLALT AR PPARAALARARAARARLHL LAHL &

+

Potential effects of oil spills on marine mammals, other endangered and threatened
species, commercial fishing, recreation and tourism, water quality, and wetlands
Storage of large volumes of oil in deepwater locations

Potential for catastrophic failure of one or more FPSO systems

Fate and behavior of deepwater oil spills, fate and effects of oil spills related to
tanker transport

Qil spill contingency planning and response capabilities

Availability and adequacy of oil-spill containment and cleanup technologies

Qil spill cleanup strategies

Impacts of various oil-spill cleanup methods

Effects of winds and currents on the transport of spilled oil

Toxicological effects of fresh and weathered oil, and air pollution from spilled oil
Short- and long-term impacts of oil on wetlands

Use and fate of chemicalsin degpwater production

Emissions associated with deepwater operations

Emissions from extended well testing and early production systems

Emissions associated with increased support services (e.g., service vessels, anchor
handling vessels, helicopters)

Emissions related to oil and oil-product transfer operations

Emissions from shuttle tankers

Consumption of the Class | Area maximum allowable increments

Emissionsfrom in situ burning (alternative oil spill cleanup method)

Potential impacts on benthic communities (including chemosynthetic communi-
ties), marine mammals, seaturtles, and fish resources

Potential impacts on essential habitats

Potential impacts on coastal marshes

Potential impacts on essential fish habitats

Safety of the deepwater workforce

Loss of GOM coastal jobs

Multiple-use conflicts with commercial and recreational fisheries

Effects on coastal resources of other GOM countries (transboundary effects)
Timing and scale of operations

Facility decommissioning and site clearance

Alternative transportation of produced fluids

Disposition of produced gas

Potential impacts of increased dredging to support deepwater activities (if new
ports or expansion/modification of existing ports to capture the shuttle tanker bus-
ness is anticipated)

Increased erosion along channelstraveled by shuttle tankers
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Table 2-2

Issues Considered But Not Analyzed

Topic

| ssues

Oil spills

Socioeconomic and
sociocultural conditions

Pipelines

Support services, activities,
and infrastructure

$ Fate and effects of oil released by loss of control of a subsea
well

$ Chemica composition of specific deepwater crude oils

$ Increased economic and industrial activity in the coastal zone

$ Increased risk of terrorist attacks

$ Historic archaeological resources (shipwrecks)

$ Deepwater pipelaying and pipeline technologies

$ Wetland impacts due to increased numbers of pipeline land-
fals

$ Unsupported pipeline spans (e.g., fisheries conflicts)

$ Geologic hazards

$ Compatibility of current coastal infrastructure with anticipated
larger support vessels

$ Additional service vessel and helicopter traffic (except for air
emissions)

$ Increased use of coastal infrastructure, including traffic on
existing roadways

$ Increased demand for fresh water and other consumables

$ Competition with other port users

$ Increased demand for multipurpose ports

$ Potentia locations of additional onshore service bases
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Notices to Lessee (NTLs). Established mitigation measures are identified and discussed in
Section 4 (Environmental Conseguences).

All of the suggested new mitigation measures presented in this EIS are environmentally
viable and have been evaluated for technological and economic viability, expected benefits, and
potential impacts. Measures that were determined to be environmentally, technologicaly, and
economicaly viable and to offer net environmental benefits will be recommended for
implementation. Implementation may be through MMS operating regulations (30 CFR 250),
NTLS, or project-specific requirements.

2.2 Description of Alternatives

2.2.1 Alternative A — Conceptual Approval of FPSOs (The Proposed Action)

Alternative A is the implementation of a policy approving the concept of using FPSOs in
the deepwater areas of the Western and Central Planning Areas of the GOM. Under this
aternative, FPSOs within the range of options defined for the base case in this EIS would be
considered acceptable development technology for use in the degpwater areas of the Western and
Central Planning Areas of the GOM. Operators would still be required to submit Deepwater
Operations Plans (DWOP; NTL 98-8N) for technical review of the concept and subsequent
project-specific development plans (Development Operations Coordination Documents; DOCD)
for site-specific technical, safety, and environmental review.

Proposals for use of FPSOs in the GOM that consist of locations, system design
variations, or operational options not defined under the base case description or range of options
in Section 1.3 would not be conceptually approved under this alternative.

2.2.2 Alternative B — Conditional Approval of FPSOs (The Proposed Action with
General Restrictions or Conditions)

Alternative B is the implementation of a policy accepting the conceptual use of FPSOs in
the deepwater areas of the Western and Central planning areas of the GOM with certain
restrictions on the operation or geographic location as conditions of approval. Certain
restrictions have already been identified for consideration under this alternative by MMS; others
may be identified as a result of the risk assessment and/or impact assessment currently being
performed. These restrictions or conditions are analyzed as choices under Alternative B.

2.2.2.1 Geographic Exclusion Areas
Alternative B-1 No FPSOs in Designated Lightering-Prohibited Areas

Under Alternative B-1, FPSOs would be prohibited in the portions of the project area in
which lightering-prohibited areas have been established by Coast Guard (under 33 CFR Part 156
Subpart C) (figure 2-1). The Coast Guard designated these prohibited areas to protect the Flower
Garden Banks and other ecologically sensitive topographic features from anchoring damage,
direct impact of accidental releases of oil or chemical compounds, and ecological hazards of a
sunken vessel in the vicinity of these areas.
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Alternative B-2 No FPSOs in Lease Areas Nearest South Texas

Under Alternative B-2, FPSOs would not be permitted in the Corpus Christi or Port
|sabel map protraction areas, which are the lease areas located nearest to shore. This alternative
isintended to mitigate potential increased risk of oil spill impacts on coastal areas and the shorter
time to implement response actions before oil spills reach the coast that might be posed by
FPSOs deployed in thisarea.

Alternative B-3 No FPSOs in Lease Areas Nearest the Mississippi Delta

Similar to Alternative B-2, this alternative would exclude FPSOs from lease areas near
the Mississippi Delta, specifically the Viosca Knoll and Mississippi Canyon map protraction
areas. Given the proximity of the Viosca Knoll and Mississippi Canyon lease blocks to sensitive
coastal and nearshore habitats of the Mississippi Delta, the presence of FPSOs in these areas
could result in an increased risk of oil spills reaching these areas before spill containment could
be implemented.

2.2.2.2 Stipulations on FPSO Operations
Alternative B-4 Requirement for Attendant Vessel During Offloading Operations

Under Alternative B-4, MMS would require that an attendant vessel be present during
offloading operations. The purpose of the attendant vessel would be to:

$ Assistinoffloading activities (e.g., transfer of offloading hose),

$ Maintain designated safety distance between marine traffic and the FPSO/shuttle
tanker by warning or fending off other vessels, and

$ Carry oil spill response equipment and provide first response in the event of an oil
spill.

The presence of an attendant vessel would decrease the risk of an oil spill occurring from
a collision between the FPSO or shuttle tanker and a stray vessel, and enhance the response
capability and time should an oil spill occur. An attendant vessel is the only “active” system
available to intervene and potentially prevent a collision and any resulting fire, explosion, or oil

spill.
2.2.3 Alternative C — No Action

Under the No Action Alternative of this EIS, the general concept of using FPSOs in the
GOM OCS would not be accepted. This alternative, however, would not necessarily prohibit the
use of FPSOs in the GOM.

Three potential scenarios for deepwater development could occur under this alternative:

$ Operators could submit FPSO proposals for consideration through the established
MMS review and decision process, including project-specific review under NEPA;
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$ Development of deepwater oil fields could occur through the use of other deepwater
production technologies (e.g., spars, TLPs, semi-submersibles); or

$ Somefields may not be developed, or development may be delayed, if FPSOs are not
approved and other technologies are determined not to be economically or
technologically viable.

2.3 Comparison of Environmental Impacts

The environmental impacts of each alternative are discussed in detall in Section 4.3. A
resource-by-resource comparison of environmental impacts of the alternatives is presented in
table 2-3. The most notable impacts and differences between the alternatives are discussed
below.

Alternative A, the proposed action, would generally have limited adverse impacts on
most environmental resources, athough significant impacts could occur under certain
circumstances. Resources that could be significantly impacted by Alternative A include air
quality, water and sediment quality, offshore environments, marine mammals, sea turtles, and
commercia fisheries. As discussed in table 2-3, these significant impacts would only occur
under specific conditions, most of which can be protected against by project planning and
regulatory restrictions. In addition, the proposed action would result in some beneficia effects
on fishery resources and localized socioeconomic conditions.

Alternatives B-1, B-2, and B-3 would have less impact than the proposed action on some
of the resources due to the exclusion of FPSO operations from areas near sensitive resources.
Under Alternative B-3, the potential for significant impacts on air quality in Breton Sound NWA
would be eliminated by excluding FPSOs from nearby areas. Alternatives B1, B-2, and B-3
would have greater impacts (both beneficia and adverse) on fishery resources and commercial
fishing than those projected for Alternative A due to limiting locations for FPSO operations.

Alternative B-4 (requiring an attendant vessel) would have greater adverse impacts than
Alternative A on air quality, water quality, offshore environments, marine mammals, sea turtles,
commercial fisheries, the socioeconomic environment, and other uses. However, most of these
increased impacts are negligible or minor.

Alternative C would have negligible impacts on environmental resources, though it has
the potential to cause a significant adverse impact on the socioeconomic environment along the
Gulf coast if the absence of FPSOs leads to an industry downturn. If individual FPSOs were
permitted under Alternative C, adverse impacts similar in nature to those described for
Alternative A would occur.
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Table 2-3

Comparison of Environmental Consequences of Alternatives

Resources Alternatives
A B C
Air Quality Emissions from routine operations may resultinalong- | Alternatives B-1 and B-2 would have negligible Under Alternative C, the No Action dternative, the
term significant impact on air quality at Breton Sound impact on ambient air quality. Alternative B-3 genera concept of using FPSOs in the GOM OCS
NWA due to exceedances of the SO, standard. would effectively mitigate the significant impact would not be accepted by MMS. The aternative
Additionally, the installation of up to five geographically | of FPSO emissionsin the northeastern portion of | would not necessarily prohibit the use of FPSOs in
dispersed FPSOs may adversely affect air quality, the Mississippi Canyon lease area. Alternative B- | the GOM. Operators could submit project-specific
depending upon location and proximity to shore and one | 4 would have an incremental increase in impact FPSO devel opment proposalsto MM S for
another. If the five FPSOs were placed near sensitive above that projected for Alternative A (i.e., consideration under established review and decision
receptors (e.g., Mississippi Canyon) in an areawith a50- | significant impacts from SO, emissionsin the processes (including the NEPA process).
km radius, significant air quality impacts are expected Mississippi Canyon lease area). Consequently, the environmental consequences
from SO, emissions. The flaring/venting options for gas associated with Alternative C could potentially be the
disposal aso could have significant impacts on air same as for the proposed action (Alternative A) or
quality. Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
Water and Sediment The proposed action would have an adverse but not Alternatives B-1 through B-3 would have Under Alternative C, the No Action dternative, the
Qudlity significant impact on water quality. Support vessel negligible impact on coastal and offshore water genera concept of using FPSOs in the GOM OCS

traffic from the shorebase(s) to the FPSO site(s) would
produce adverse but not significant impacts on coastal
water and sediment quality. If vessd traffic is
concentrated in one or afew ports, then significant,
localized impacts to water quality and sediment quality
could be realized. Anchoring installation/emplacement
activities would produce localized, short- term impacts
on offshore sediment quality. During routine production
operations at the FPSO, produced water discharges and
wastewater discharges from the FPSO and support
vessels would produce localized, adverse but not
significant impacts on offshore water quality.

and sediment quality, relative to Alternative A.
Alternative B-4 would have an incremental impact
on water quality; however, impacts are expected
to remain adverse but not significant.

would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MMS for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentialy be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
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Table 2-3

Comparison of Environmental Consequences of Alternatives

Alternatives

A

B

C

Coastal Environments

The proposed action would have generally negligible
impacts on coastal environments (i.e., coastal barrier
beaches, dunes, wetlands, and seagrass beds). However,
adverse but not significant impacts on beaches, coastal
wetlands and seagrass habitats could occur due to
incremental increases in vessel traffic, depending upon
the location of operations and the nature of adjacent
coastal resources. These impacts would result from
incremental increases in erosion rates, sediment
resuspension, and turbidity caused by vessel transitsin
coastd aress.

Alternative B-1 is expected to produce negligible
impacts on coastal barrier beaches and associated
dunes. Alternative B-2 would have negligible
impact on coastal barrier beaches and associated
dunes. Alternative B-3 would have no effect on
proposed operations el sewhere in the deepwater
area and thus would have no effect on the impacts
associated with shuttle tanker traffic discussed
under Alternative A. Alternative B-4 would have
similar impacts on coastal environments as those
projected for Alternative A.

Under Alternative C, the No Action alternative, the
general concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MMS for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentialy be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.

Offshore Environments

The proposed action would have generally negligible,
localized impacts on offshore environments
(encompassing plankton and deep benthic communities
and topographic features). Anchoring, structure
emplacement, and pipelaying would produce adverse but
not significant impacts on soft bottom benthic
communities. Recolonization of disturbed areasis
expected during the first several years following FPSO
installation and operation. With proper avoidance,
impacts on chemosynthetic communities from
installation activities would be negligible. However, if
chemosynthetic communities were damaged during
installation, such damage to chemosynthetic
communities would represent a significant, long-term
impact. Bottom-founded structures may provide hard
substrate for epifaunal attachment, possibly a beneficial
impact. Use of either suction pile or driven pile
anchoring techniques (instead of drag anchoring) may
dightly reduce impacts on the benthos by reducing the
total amount of seafloor area affected.

Alternatives B-1, B-2, and B-3 would have no
impact on offshore resources. Alternative B-4
may dightly increase impacts on both water
column and deep benthic environments. This
incremental increase in discharges is minor, and
impacts to plankton would remain negligible. If a
dedicated anchor is required, additional, minor
anchor impacts are predicted. Impacts to benthic
communities would remain adverse but not
significant.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MM S for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentially be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
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Table 2-3

Comparison of Environmental Consequences of Alternatives

Alternatives

A

B

C

Marine Mammals

Normal operations under the proposed action would
cause localized adverse impacts to marine mammals,
primarily from noise and/or visual disturbances from
helicopters, service vessels, and shuttle tankers.
Expected increases in service vessel and shuttle tanker
traffic associated with normal operations may also
increase the probability of collisions between these
vessels and marine mammals. Although the risk of
collisons may vary, any collision with a marine
mammal that is listed as an endangered species, such as
the sperm whale, would constitute a significant impact.
A collision with a nonlisted species would be considered
adverse, but not locally or regionally significant.
Ingestion of, or entanglement with, discarded solid
debris associated with normal operations would produce
anegligible impact on marine mammals.

Alternatives B-1 and B-2 would have similar
impacts on marine mammals as those projected
for Alternative A. Alternative B-3 may
effectively mitigate potential impacts of FPSO
activitieson local deepwater marine mammal
species, especialy the endangered sperm whale.
Alternative B-4 has the potentia for greater
impacts on marine mammals than Alternative A;
however, the impacts from additional noise or
discharges from an attendant vessel are not
considered to be significant.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MM S for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentialy be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.

Sea Turtles

Installation and operation of an FPSO would have
generaly negligible impacts on sea turtles, although
collisions with service vessels and shuttle tankers and
installation of OCS pipelines may produce adverse or
significant impacts. Expected increasesin vessel traffic
associated with installation may also increase the
probability of collisions between these vessels and sea
turtles. Although the risk of collisions may vary, any
collison with asingle sea turtle that causes death would
condgtitute a significant impact, as al species are
currently listed as endangered or threatened species.
Destruction of shallow water habitats and beaches asa
result of the installation of OCS pipelines may produce
adverse but not significant impacts on sea turtles through
loss of nesting habitat.

Alternatives B-1, B-2, and B-3 would have the
same impacts on sea turtles as described in
Alternative A. Alternative B-4 has the potential
for increased impact on sea turtles from additional
subsea mechanical noise and additional
discharges. Impacts on sea turtles resulting from
these sources are considered to be adverse but not
significant.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MM S for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentially be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
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Table 2-3

Comparison of Environmental Consequences of Alternatives

Alternatives

A

B

C

Coastd and Marine
Birds

The proposed action would produce negligible to
adverse impacts on coastal and marine birds.
Installation of new OCS pipeline landfalls, if required,
could cause adverse impacts on coastal birds due to the
associated destruction or ateration of coastal habitat and
related disturbance from installation operations.
However, with appropriate placement (and avoidance of
senditive avian habitat), impacts are not expected to be
significant. Helicopter and service vessel traffic related
to normal operations would produce only anegligible
impact to coastal and marine birds.

Alternatives B-1 through B-4 would have similar
impacts on coastal and marine birds as those
described under Alternative A.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MMS for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentially be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.

Fish Resources

The proposed action would produce negligible or
beneficial impacts to fish resources, except for
potentially adverse impacts to highly migratory fish.
Anchors and other bottom-founded structures would
serve as fish attracting devices (FADs), a beneficia
impact on species preferring bottom relief. Highly
migratory fish species could be diverted from traditional
migratory routes and, consequently, from traditional
spawning or feeding areas. Such disruptionsin
migration patterns could result in short- or long-term
effects on the feeding behavior of deegpwater fishes, an
adverse but not significant impact. In situ abandonment
of bottom-founded structures would create a permanent
FAD effect for benthic fishes, which could have adverse
or beneficial effects on fish populations, athough
significant impacts are not expected .

Alternative B-1 may have a greater beneficial
impact on shallow water fishery resources than
would Alternative A. The impacts of Alternative
B-2 on fishery resources would not be appreciably
different than those caused by Alternative A.
Alternative B-3 would have less beneficial impact
than would Alternative A due to the elimination of
FPSO structuresin lease areas nearest to the
Mississippi Delta. Alternative B-4 would have an
incrementally greater adverse impact on fishery
resources than would for Alternative A, but the
impact would still be negligible.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MM S for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentially be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
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Table 2-3

Comparison of Environmental Consequences of Alternatives

Alternatives

A

B

C

Commercia Fisheries

The proposed action would produce negligible to
adverse, localized, long-term impacts on commercia
fisheries. The presence of FPSOs, pipelines, and vessel
traffic would preclude trawling and longlining in
relatively small areas surrounding these structures and
activities, causing an adverse but not significant impact.
The placement of FPSOs in water depths of greater than
1,000 feet would gresatly lessen the chance for conflicts
with bottom longlining. If optional scenariosinvolve
shallower waters (e.g., along the 600-foot isobath), then
the potential for impact would increase, but would only
be significant if the FPSO were located on or near a
known fishing area. Structures abandoned on the
seafloor would cause permanent loss of relatively small
fishing areas, resulting in a negligible impact to
commercia bottom fisheries.

Alternatives B-1 and B-2 would have less impact
on demersal fisheries (i.e., bottom longlining and
trawling) than would Alternative A, particularly in
lightering-prohibited areas located in water depths
between 600 and 1,500 feet. Alternatives B-1 and
B-2 would, however, produce an incremental
increase, relative to Alternative A, in space-use
conflictswith surface longline fishing, causing an
adverse but not significant impact. Alternative B-
3 would have less impact than Alternative A on
the roya red shrimp fishery, which generally
occurs in the proposed exclusion area (i.e., within
water depths of 600 to 1,500 feet). However, this
exclusion area would cause adverse but not
significant impacts by dightly increasing the
space-use conflicts elsewhere in the deepwater
areas where surface longlining occurs.

Alternative B-4 would have impacts on
commercial fisheries similar to those projected for
Alternative A.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MMS for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentialy be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.

Socia and Economic
Environments

The proposed action could have short-term
socioeconomic benefits along the Gulf Coast during
construction phases, but impacts of normal FPSO and
shuttle tanker operations on the socioeconomic
environment would be negligible. In the event five
FPSOs were placed in proximity to one another, it is
possible that one or two port facilities would redlize the
bulk of the socioeconomic impact, resulting in a
localized, adverse but not significant impact. Increased
storage capacity and increased production rates would
produce a dlightly greater impact on socioeconomic
resources, but still result in a negligible socioeconomic

impact.

Alternative B-1 would have negligible impacts on
social and economic outcomes, similar to those of
Alternative A. Alternatives B-2 and B-3 would
aso have negligible social and economic impact
overal; however, the beneficia effects of FPSO-
related offshore employment (of workers residing
along coastal areas adjacent to the exclusion
zones) may be somewhat less. Alternative B-4
would have a dlightly greater adverse impact on
the socioeconomic environment than that
projected for Alternative A, but the impact would
still be negligible.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MM S for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentially be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
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Comparison of Environmental Consequences of Alternatives

Alternatives

A

B

C

Recreational Resources
and Beach Use

The proposed action would have negligible, localized,
adverse impacts on recreational resources and beach use.
No impacts on recreational resources and beach use are
expected in association with perceived water quality
degradation. Slight increases in the number of vessel
and helicopter transits would produce minor,
incremental impacts on viewsheds in the vicinity of
transit routes. Options for increased storage capacity
and increased production rates would further increase
tanker traffic, but still result in negligible impacts given
the amount of tankering activity currently being
conducted at Gulf ports.

Alternatives B-1, B-2, B-3, and B-4 would have
negligible impacts on recreational resources and
beach use, similar to those projected for
Alternative A.

Under Alternative C, the No Action alternative, the
general concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MMS for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentialy be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.

Other Uses

The proposed action would have negligible impacts on
other uses of the GOM such as commercia and military
uses. Incremental increases in vessel traffic, helicopters,
and shuttle tankering would produce the potential for
increased conflicts with other uses of surface, airspace,
and underwater aress, but these impacts are expected to
be negligible.

Alternatives B-1, B-2, and B-3 would have less
impact than Alternative A on other uses due to the
exclusion of FPSOs from designated areas.
Alternative B-4 would have a minor incremental
impact on other uses above that projected for
Alternative A, but this would still represent a
negligible impact.

Under Alternative C, the No Action alternative, the
genera concept of using FPSOs in the GOM OCS
would not be accepted by MMS. The aternative
would not necessarily prohibit the use of FPSOsin
the GOM. Operators could submit project-specific
FPSO devel opment proposalsto MM S for
consideration under established review and decision
processes (including the NEPA process).
Consequently, the environmental consequences
associated with Alternative C could potentially be the
same as for the proposed action (Alternative A) or
Alternatives B-1 through B-3, if up to five FPSO
projects were eventually approved for the Western
and Central Planning Aresas of the OCS.
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Section 3 — Section 3.1.1

3. DESCRIPTION OF THE AFFECTED ENVIRONMENT

3.1 Physical Elements of the Environment
3.1.1 Geology

Substantial engineering and geological constraints must be overcome if hydrocarbon
resources on the continental slope (i.e., waters >200 m [656 ft]) off Texas and Louisiana are to
be recovered economically. To accomplish this will require novel geological and geophysical
surveys and engineering methods. Substantial seafloor engineering problems in deep waters
(i.e., >200 m [656 ft]) include both short-term (i.e., Ssump) and long-term (i.e., creep) slope
instabilities, pipeline spanning problems, mass transport from unknown causes, and unusual
stiffness and strength conditions (Hooper and Dunlap, 1989). The geohazards, or engineering
and geologic constraints, present in and on the continental slope off Texas and Louisiana are
numerous and are mainly due to the interactions between salt tectonics and rapid rates of
sedimentation.

The main geohazards on the continental slope and their principal results are asfollows:

Faults — sediment tectonics, halokinesis;

Slope stability — slope steepening, slumps, creep, debris flow;

Gassy sediments — strength reduction, hydrates, liquefaction;

Fluid and gas expulsion features — strength reduction, liquefaction;

Diapiric structures — salt, mud, hydrates,

Seafloor depressions — blowouts, pockmarks;

Seafloor features — sediment waves, differential channel fill, brine-low channels, sea-
bed furrows;

Shallow waterflow (SWF) — strength reduction, liquefaction; and

Deep, high-velocity currents — mega-furrows, seabed erosion.

AH AR PHP

The GOM s classified as a passive continental margin (i.e.,, a continental boundary
formed by rifting). The northwest margin of the GOM, particularly the continental slope off
Texas and Louisiana, has a complex evolutionary history involving prograding and regressing
continental shelves, delta systems, and cyclic sea-level fluctuations. The processes that
determined the topography and morphology of the upper and lower continental slope (i.e., 200 to
2,000 m [656 to 6,562 ft] and 2,000 to 3,000 m [6,562 to 9,843 ft], respectively) and the
distribution of sediments within these areas are amost completely dominated by halokinesis
involving allochthonous and autochthonous salt.

Bathymetric charts of the continental slope of the northwestern GOM (Bryant et al.,
1990; NOAA, 1990; Bouma and Bryant, 1995, Liu and Bryant, 1999) reveal the presence of over
105 intraslope basins with relief in excess of 150 m [492 ft], 28 mounds, and five mgor and
three minor submarine canyons. The intraslope basins occupy much of the area of the
continental slope. Intraslope-interlobal and intraslope-supralobal basins occupy the upper and
lower continental slope, respectively. The coalescing of salt canopies forms intraslope-interlobal
basins, while supralobal basins are formed by downbuilding into the salt canopy (formerly
termed a salt nappe).
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Section 3.1.1

The middle and lower portions of the continental slope contain a canopy of salt that has
moved down-slope in response to updip extension. The Sigsbee Escarpment is the southern edge
of the salt canopy within the study area (figure 3-1). The intraslope basins of the slope are
essentially Holocene- and Pleistocene-age sediment depocenters. Fewer basins are found on the
uppermost continental slope. In general, these basins have lower-gradient slopes. The structure
of this area is affected more by the seaward progradation of deltas during the Pleistocene-age
sea-level lowstands and less by salt tectonics, except on a local scae. The lower continental
slope contains eight submarine canyons and a large escarpment, each feature evolving from, in
part, the coalescing and migration of salt canopies, an unusua process for the formation of
submarine canyons.

The geology and topography of the near-surface continental slope (i.e., upper 500 to
1,000 m [1,640 to 3,281 ft] of sediments, the area of greatest concern with regard to submarine
slope stahility) off Texas and Louisiana are functions of the interplay between episodes of rapid
shelf edge progradation and contemporaneous modification of the depositional sequence by
diapirism and mass-movement processes. Many slope sediments have been uplifted, folded,
fractured, and faulted by diapiric action. Oversteepening on the basin flanks and subsequent
mass movements have resulted in the appearance of highly overconsolidated sediments
underlying extremely weak pelagic sediments. The construction of the Mississippi Canyonisin
part a function of sidewall slumping and pelagic draping of low- shear-strength sediments. In
contrast, slope oversteepening and subsequent mass movement have resulted in high pore
pressures in rapidly deposited debris flows on the upper slope and on basin floors, resulting in
unexpected decreased shear strengths. Biogenic and thermogenic gas induces the accumulation
of hydrates and underconsolidated gassy sediments, which are common on the upper slope. On
the middle and lower slope, gassy sediments are also encountered, particularly in basins that do
not have a salt base, such as Beaumont Basin; the salt canopy restricts the upward movement of
gas from below.

Holocene and Pleistocene sediment cores recovered from the continental slope off Texas
and Louisiana from conventional piston coring and from Deep Sea Drilling Project activities
indicate the presence of unconsolidated gassy clays, silty clays, sands, and clayey sands, many
containing gas hydrates. Most samples of Pleistocene sediments recovered from the slope
indicate a hemipelagic origin, along with lesser amounts of turbidites and debris flow material.
Holocene hemipelagic sediments on the middle and lower portions of the slope are usually less
than a meter thick, and are up to several metersthick on the upper slope (Silvaet al., 1999).

Water depths over the intraslope-intralobal basins located on the upper slope range from
1,500 to 2,200 m (4,922 to 7,218 ft). The bathymetry of the Central and Western Planning Areas
is shown on figure 3-2. The bathymetry of the upper to middle continental slope area consists of
relatively flat ridges and basin floors separated by intraslope escarpments. The intraslope basin
escarpments have relief up to 700 m (2,297 ft), with slopes generally ranging from 5° to 30° and
in some locations up to 50°. Ridges that rim the basins correspond to late, laterally spreading,
flat-topped salt tongues overlain by athin sediment cover (Bryant et al., 1992).

The deeper portions of intraslope-intralobal basins are salt free and exhibit a dissected
topography consisting of a multitude of small submarine canyons along the walls. Cores taken
on the walls of some basins indicate that as much as 3 m (10 ft) of sediment has been removed
by slumping. The intraslope-supralobal basin on the lower continental slope, where the
physiography is comparatively smooth (figure 3-2), shows that relief exists mainly as a rounded
depression. The slopes of these basin walls generally range from 4 and 8°, but in some areas are
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Section 3.1.1

as much as 15°. Basins form on the lower slope, where subsidence is due to evacuation of
underlying salt (i.e., salt withdrawal). This processis particularly evident in basins such as Vaca
Basin, where initial basin subsidence appears to have been relatively slow and accompanied by
the accumulation of relatively concordant strata (Bryant and Simmons, 1992). A possible
scenario for the creation of intraslope supralobal basins is that subsidence of the basin was
initially controlled by differential loading caused by lateral variations in sediment thickness,
while the sediments were still relatively buoyant compared to the salt.

The submarine canyons along the Sigsbee Escarpment (i.e., Alaminos, Keathly, Bryant,
Cortez, Farnella, and Green Canyons) are the result of the coalescing of salt canopies, the
migration of the salt over the abyssal plain, and erosion of the escarpment during periods of sea-
level lowstands (Bryant and Simmons, 1992). The bathymetry of the canyons is illustrated in
figure 3-2. In addition to these large submarine canyons, numerous small submarine canyons
and gullies and large slumps occur along the escarpment. Submarine fans of various sizes extend
seaward of the canyons onto the continental rise. Slopes along a substantial portion of the
canyon walls and the escarpment range from 5° to 10°, although slopes in excess of 15° occur.
Thisis supported by large slope failures in the Green Canyon area.

The mgjor faults on the continental slope, referred to as growth faults, are extensiona
faults that form contemporaneously with rapid accumulation of massive volumes of sediments.
Growth faults are found primarily on the upper continental slope, where sediment accumulation
is thickest. The most common type of fault on the middie and lower continental slope has been
interpreted as "groups of geometrically classified fault families and fault welds that are
kinematically and genetically linked to each other and to associated salt bodies and welds.
Linked fault systems can contain extensional, contractional, and strike-slip components.
Extensional fault families are formed by basinward translation, subsidence into salt, or folding.
Those fault families that accommodate basinward translation are balanced by salt extrusion or
contractional fault families" (Rowan et al., 1999).

Faulting resulting from the formation of salt diapirsis the most common type of faulting
on the upper slope. On the middle and lower continental slope, faulting related to salt-stock
canopies and salt canopies is the most common type of faulting. Extensive faulting is present on
the rim of most intraslope-intralobal and supralobal basins on the middle and lower continental
slope. These faults are extensional faults caused by the upward movement of salt resulting from
pressures created by sediment accumulation within basins. This type of faulting results in the
occurrence of alarge number of small faultsin the area of the seafloor undergoing extension. In
some areas of the slope, the upward migration of salt results in the seafloor being extensively
fractured (i.e., faulted) and continuously displaced.

Portions of some of the submarine canyons (e.g., Bryant Canyon) are being filled with
salt. Turbidity current flows that are active during times of sea-level lowstands create the
canyons. Subsequently, sediments that accumulate on the margins of the canyon differentialy
load the salt, causing the salt to migrate upward, forming the canyon. The migration of salt into
the canyon can occur at arate of centimeters per year.

On the middle and lower continental slope, salt may occur very close to the seafloor. For
example, on the salt plug called "Green Knoll," salt is exposed at the seafloor and is being
dissolved by seawater, resulting in the collapse of the cap of the knoll. In intraslope-intralobal
OrcaBasin, salt is exposed at the bottom of the northern portion of the basin, forming a famous
brine pool. In areas where salt is close to the seafloor, the emplacement of structures that require
foundation piles will require new engineering methods to accommodate such structures.
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Section 3.1.1 — Section 3.1.2

Water currents can be a problem for structures on the continental slope, but they may be a
major problem to structures such as platforms, bottom assemblies, and pipelines at the base of
the Sigsbee Escarpment, starting in water depths as shallow as 1,200 m (3,937 ft) and as deep as
3,300 m (10,827 ft). Recent studies have revealed the presence of large mega-furrows at the
base of the Sigsbee Escarpment. These large bedforms, measuring 20 to 30 m (66 to 98 ft) wide
and as deep as 10 m (33 ft), occur along the base of the escarpment and extend southward for 20
km (12.4 mi). They result from high-velocity (i.e., up to 103 cm/s [2 knots]) bottom currents
occurring along the base of the Sigsbee Escarpment. The mega-furrows have been found
extending from long. 90° to 92.5° W., and possibly as far west as Alaminos Canyon.

Shallow waterflow, also known as geopressured sands, is the uncontrolled flow of sand
and water that can create substantial sediment pile up (e.g., at awellhead). Shallow waterflow is
the result of compaction disequilibrium, or differential compaction. This process usually occurs
at 360 to 530 m (1,181 to 1,739 ft) below the seafloor and is more likely to occur on the upper
and middle slope than above the salt canopy, as the tabular salt prevents the escape of
overpressures from below.

Properties related to geohazards of the upper, middle, and lower continental slopes,
intraslope basins, lower slope canyons, and the Sigsbee Escarpment are summarized in table 3-1.

3.1.2 Meteorology

Air quality in the study area is affected by several meteorological conditions, including
temperature, wind speed and direction, and precipitation. Surface temperature affects the
amount of convection that occurs in the lower part of the atmosphere. Scientists refer to the
upper boundary of convective mixing as the mixing height. While the mixing height over water
is more stable due to relatively constant surface temperatures, the mixing height over coastal
regions varies both diurnally and seasonally. The mixing height isimportant in determining how
well emissions disperse in the atmosphere.

Wind speed and direction are also important in determining dispersion of emissions.
Higher wind speeds tend to disperse pollutants more rapidly than calm winds. Winds that blow
from a constant direction for an extended period of time can cause localized emission impacts.
Areas near the coast are subject to the land breeze/sea breeze phenomena. Waters of the GOM
absorb large amounts of the sun’s energy, which means very little radiative energy is returned to
the atmosphere. The sun’s heating of soils in coastal areas returns substantially more radiative
heat to the atmosphere; thus, air temperatures over coastal areas are warmer during the daytime
hours. At night, land areas lose their heat more rapidly than water areas, so the coastd
temperatures are cooler than those found over water. This differential heating and cooling effect
manifests itself in land breeze/sea breeze circulation in which winds travel onshore during the
day and offshore at night.

Consider the morning profiles from Corpus Christi. It is not uncommon to see a weak
surface-based inversion both in temperature and moisture (i.e., dew point temperature). While
open water areas of the Gulf typically do not lose sufficient heat overnight to set up a
temperature or dew point inversion, there are occasions where offshore inversions are created
when warm air is advected over colder water. For example, offshore inversions occur in the
winter and spring months near the Mississippi River delta. Temperature inversions (which cause
fog) can also cause extreme cases of localized pollution.
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Table 3-1

Engineering Constraints and Possible Geohazards of Intraslope Basins and Canyons

Upper to Middle Slope Intraslope-Interlobal Basins -
Steep sidewalls average 10 to 20 degrees, maximum 50 degrees
Small submarine canyons and gullies dissect basin escarpments
Basin wall sediments may be unstable and undergoing modification by creep and slump
processes
Low shear strength debris flow sediments present on basin floors
Basin floors subject to debris flows from side wall slumping
Stiff sediments on highly faulted ridges between basins
Hydrates, gas seeps, carbonate bioherms, and chemosynthetic organisms may be present
Basins may contain low shear strength, gassy, anoxic sediments
| solated basins subject to formation of brine pools
Basin sediments underconsolidated at shallow subbottom depths
Lower Slope Intraslope-Supralobal Basins -
Elevated faulted ridges between basins
Elevated ridge along basin rim
Basins are bow! shaped with low angle basin floor
Soft surficial sediments within basin
Structures on basin floor subject to debrisflow

Basin sediments underconsolidated at shallow subbottom depths
Lower Slope Canyons and Escarpments -
- Sidewallsaverage 10 to 15 degrees, maximum 30 degrees
Small submarine canyons and gullies dissect escarpment and smaller canyon escarpments
Canyons and escarpment structurally active from effects of hal okineses
Very rugged topography
Slump deposits and slope failure common
Small submarine fans on canyon floor formed from debris flows and turbidity currents
Characteristically located in very deep water
Sediments underconsolidated at shallow subbottom depths
High velocity bottom currents and mega-furrows present at base of Sigsbee Escarpment
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Section 3.1.2

Precipitation is an important part of the natural cycle for cleansing the atmosphere.
Particulate matter is often the base particle on which water vapor coalesces to form the tiny
droplets of water that form clouds. Molecules of other pollutants (e.g., SO,, NO, CO) adhere to
the water droplets and are eventually returned to earth in precipitation. While many modern
dispersion models contain sophisticated algorithms to assess the wet deposition of pollutants, this
feature is not accepted in most regulatory applications and will not be used in determining
impactsin thisanalysis. In addition, the current modeling effort will not address dry deposition.

Emissions from a source may be dispersed from or confined to alocal area depending on
weather conditions. Thus, meteorological conditions play an important role in assessing the air
quality impacts of a proposed action. The remainder of this section describes the meteorol ogy
for both the offshore and coastal areas.

General Climatology

The study area covers a substantial portion of the north-central and northwestern GOM.
For most of the year (late spring, summer, and fall), weather in the eastern portion of the study
area is influenced by the large, subtropical, high-pressure system known as the Bermuda High.
The western portion of the study area is influenced by the Mexican Low as well as the Bermuda
High. Because the winds circulate clockwise around the Bermuda High and counter-clockwise
around the Mexican Low, winds are predominately from the south-southeast across the study
area from April to early November. From November to April, winds occasionally shift to the
northwest with the passage of mid-latitude frontal systems. In the summer and early fall, high
pressure persists aloft over the study area. Most days exhibit afairly featureless pressure pattern
above the surface, with coastal circulation falling under land/sea breeze effects.

On occasion, a weak low-pressure system aloft may move into the area and can remain
over the region for several days. A weak upper-level low usually helps to destabilize the air
mass and retain moisture to greater depths than normal. On such days, a more than normal
number of scattered showers and thunderstorms may develop. These thunderstorms will occur
mainly during the hottest part of the day (i.e., from mid-afternoon through the early evening).

During the mid- and late summer, forecasters track easterly waves, tropical depressions,
tropical storms, and hurricanes from the eastern Atlantic Ocean to the GOM. The Atlantic/Gulf
region typically experiences six to nine named storms during the hurricane season, which
extends from June I to November 30". Tropica storms and hurricanes can produce strong
winds, thunderstorms, and occasional tornadoes.

Onshore Climatology

Data from the National Climatic Data Center have been evaluated for several locations
onshore of the study area, including Corpus Christi, Galveston, Lake Charles, and New Orleans.
The years reviewed extended from 1961 through 1990. Based on this analysis, the annual
average maximum and minimum daily temperatures along the coastal region of the study area
are 77.5 °F and 60.9 °F, respectively, with an average daily temperature of 69.2°F. July is
normally the hottest month for Lake Charles and New Orleans, with an average high temperature
of 90.6°F. August is the hottest month for Corpus Christi and Galveston, with average highs of
93.4° and 87.6 °F, respectively. Overall, wintersin these areas are relatively mild: January isthe
coldest month, with an average low temperature of 43.7 °F. The average annual rainfall for this
regionis 121 cm (47.6 in). The wettest month is May for Lake Charles, July for New Orleans,
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Section 3.1.2 — Section 3.1.3

and September for Galveston and Corpus Christi. The driest months are February-March for
Corpus Christi, Galveston, and Lake Charles, and October for New Orleans. Table 3-2
summarizes climatic data for these four coastal cities located inshore of the study area. Figure
3-3indicates the location of these coastal citiesin relation to the study area.

Mixing heights in coastal regions vary diurnally and seasonally. Winter mixing heights
range from 300 to 500 m (984 to 1,640 ft) AGL during the early morning hours, and from 800 to
1,050 m (2,625 to 3,445 ft) AGL by late afternoon. Transient mid-latitude cold fronts can
occasionally bring mixing heights below 100 m (328 ft) during frontal passage. Summer mixing
heights over coastal areas typicaly range from 400 to 600 m (1,312 to 1,969 ft) AGL at the
beginning of the day, lifting to a range of 1,150 to 2,450 m (3,773 to 8,038 ft) AGL by early
evening.

Offshore Climatology

While the offshore climate is affected by the same features (e.g., Bermuda High, Mexican
Low) asthe coastal environments, there isless daily temperature variation. In July, for example,
the daily high and low temperatures in New Orleans vary by an average of 17.5°F, whereas
offshore temperatures vary by approximately 6.3°F. Seasonal temperature variability is similar
for both onshore and offshore areas. Table 3-3 summarizes climatic data for four weather buoys
in or near the study area. Figure 3-3 indicates the location of the buoys.

Mixing heights offshore are quite shallow, generally 1,100 m (3,609 ft) ASL or less.
Mixing heights offshore have less diurnal variability than coastal areas because daily
temperatures offshore do not vary as much as they do onshore. Transient cold fronts can have an
impact on the mixing heights, with some of the lowest heights occurring with frontal passage.

3.1.3 Air Quality

The Clean Air Act (CAA) of 1970, 42 USC 7401 et seq., amended in 1977 and 1990, is
the basic Federal statute governing air pollution. The MMS is responsible for implementing the
CAA in the study area. It accomplishes this largely through regulations found in 30 Code of
Federal Regulations (CFR) Part 250, which ensures that new or modified offshore sources will
not substantially affect onshore air quality by requiring that sources are in compliance with state
and National Ambient Air Quality Standards (NAAQS). The U.S. EPA developed the
Prevention of Significant Deterioration (PSD) program [40 CFR Part 51] to ensure that areas
already in compliance with the NAAQS do not deteriorate air quality to levels at or above those
standards. Such areas, depending upon the quality of their air in abaseline year, must control the
emissions of certain pollutants such that the concentrations of those pollutants increase no more
than the allowable increment as set forth in the CAA.

The CAA designates six pollutants as criteria pollutants for which NAAQS are
promulgated. The NAAQS for sulfur dioxide (SO,), nitrogen dioxide (NO,), respirable

particulates (PM,, particulates <10 microns in diameter), carbon monoxide (CO), ozone (O,),

and lead (Pb) were set to protect human health (primary standards) and welfare (secondary
standards). The NAAQS standards are provided in table 3-4. The proposed action is located in
an area presumed to be in attainment with applicable ambient standards.

The coastal areas near the proposed action area are currently designated as “attainment”
for all NAAQS-regulated pollutants except ozone. As required by Title | of the CAA
Amendments of 1990, USEPA designated several areas in the Gulf Coast states as
"nonattainment” for ground-level ozone (a primary constituent of smog) as shown in figure 3-4.
Nonattainment areas are classified as marginal, moderate, serious, severe, or extreme.
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Table 3-2

Coastal Gulf Climate Data

Average Average Average Average
Maximum Minimum Average Morning Afternoon
) Temperature Temperature Rainfall Mixing Height Mixing Height
City (°F) (°F) (inches) (m) (m)
Corpus Christi, TX 81.0 62.1 30.1 368 1,812
Galveston, TX 74.3 64.9 423 NA NA
Lake Charles, LA 772 58.1 55.8 473 1,116
New Orleans, LA 775 58.5 62.2 552 1,150

Source: Temperatures derived from NCDC Cooperative Stations 1961-1990 Normals. Precipitation derived from
datafor years between 1954 and 1995. Mixing heights derived for variable periods for each station be-

tween 1965 and 1998.
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Table 3-3

Gulf Offshore Buoy Data

Average Average Average

Maximum Tem- Minimum Annual Average
Station perature Temperature Sea Temperature Wind Speed
ID P P P (knots)
42019 78.7 69.8 76.8 118
42002 79.2 71.7 739 12.0
42001 79.3 72.2 78.6 114
42040 765 67.5 76.1 10.9

Source: Derived from available station data for variable periods at each buoy between 1973 and 1997.
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Table 3-4

National Ambient Air Quality Standards (NAAQS), PSD Increments, PSD Significant Emission Rates, and Modeling Significance

Levels
PSD PSD FLM
Increrglents Significant Modeling M odeling
National Ambient Air Quality Standards (NAAQS)® (Hg/m®) Emission  Significance ~ Significance
Averaging  Primary Secondary Class Rates” Levels Levels
Pollutant  Period (ug/m®)  (epm)  (ug/m®)  (ppm) Form (i.e, How Standard isApplied) | I (tonslyear)  (ug/m®) (ug/m®)
PM1o Annual 50¢ - 50° - Annual arithmetic mean, averaged over 3 4 17 15 1 0.16
years
24-hour 150° -- 150° -- 99th percentile of concentrationsinagiven 8 30 5 0.32
year, averaged over 3 years
PMao 5 Annual 15¢ - 15¢ - Annual arithmetic mean from single or PSD Increments and Significant Emission Rates have
multiple monitors, averaged over 3 years not yet been established for PMy 5
24-hour 65° -- 65° -- 98th percentile of concentrationsin agiven
year, averaged over 3 years
SOz Annual (80) 0.03 -- -- Annual arithmetic mean 2 20 40 1 0.1
24-hour (365) 0.14 - - Not to be exceeded more than once per 5 91 5 0.2
calendar year
3-hour - - (1,300) 0.5 Not to be exceeded more than once per 25 512 25 1
calendar year
NO2 Annual (100) 0.053 (100) 0.053 Annual arithmetic mean 25 25 40 of NOx 1 0.1
Ozone 8-hour (157)C 0.08° (157)C 0.08° 3-year average of annual 4th highest daily - --
maximum 8-hour concentrations
1-hour (235)C 0.12° (235)C 0.12° Not to be exceeded morethan 3timesin3 - -- 400of VOC --
consecutive years
CO 8-hour (10,0000 9 - - Not to be exceeded more than once per - - 100 500
calendar year
1-hour (40,0000 35 - - Not to be exceeded more than once per - - 2,000
calendar year
Lead Cadendar 15 - 15 - Maximum arithmetic mean - - 0.6 -
Quarter

NAAQS are expressed in pg/nt for particulate matter (and lead) and in partsper million (ppm) for the other pollutants. For reference, corresponding equivalent standards are shown in
parentheses.

Lower Significant Emission Rates apply in certain nonattainment areas for nonattainment new source review. Sources within 10 km of Class| areas can trigger PSD if impacts exceed 1 pg/n?®

(24-hour average).

¢ PM2.5 and Ozone 8-Hour Standards are suspended pending litigation. See 40 CFR Part 50 for information regarding the implementation of the new PM2 5 and ozone standards and the interim
treatment of the existing standards.
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Section 3.1.3 — Section 3.1.4

The MMS reviews proposed new or modified pollutant sources located in OCS waters to
evaluate potential impacts of the proposed source on onshore air quality, especially noting
whether the source will contribute to any violation of the NAAQS.

Modeling Significance Levels

The MMS has codified modeling significance levels in 30 CFR Part 250.303 (1999) to
determine compliance with the NAAQS and PSD requirements. New facilities are required to
model impacts using an approved model to determine whether the projected emissions of those
air pollutants from the facility result in an onshore ambient air concentration above the modeling
significance levels. The MMS modeling's significant impact levels are set at the same
concentrations as the current EPA significance levels for new or modified major PSD sources
affecting attainment areas. The MM S modeling significance levels are shown in table 3-5.

Class | Areas

Many areas of unique natural qualities have been designated as Class | areas under the
Wilderness Act of 1964. These Federally designated areas are to remain “unimpaired” for future
use and enjoyment as wilderness. As such, Class | areas have the lowest increment of
permissible deterioration, which essentially precludes development near these areas. The Breton
National Wilderness Area, located approximately 113 km (70 mi) east of Chalmette, Louisiana,
isthe nearest Class | areato the study area. Other Class | areas located closest to the Gulf region
are shown in figure 3-5.

3.1.4 Physical Oceanography
Background

Few hydrographic surveys of the entire GOM have been conducted during the past sev-
eral decades. Examples of data sources include a series of cruisesin the 1960s (e.g., Hidalgo 62-
H-3, Geronimo cruises, and Kane). The limited available data, however, can be combined to
obtain nearly synoptic descriptions of the genera circulation in the Gulf. The resulting patterns
are similar. The general circulation pattern based on the Hidalgo cruise completed in 1962 is
illustrated in figure 3-6 (after Nowlin, 1972). The contours in figure 3-6 represent the flow paths
(streamlines) of the geostrophic surface currents calculated relative to the 1,000-m (3,281-ft) ref-
erence surface. These currents reflect the medium- to large-scale distributions of temperature
and salinity, and thus density. This pattern also is characteristic of time-averaged outputs from
numerical models of the circulation in the Gulf (e.g., see Hurlbert and Thompson, 1980, 1982).
This pattern most closely approximates the time-averaged, or background, circulation in the
Gulf, not instantaneous currents.

The streamlines entering the Gulf through the Y ucatan Channel, turning clockwise, and
then exiting the Gulf into the Straits of Florida, represent the Loop Current, which is a part of the
western boundary current system of the North Atlantic. Thisisthe principal current and source
of energy for the circulation in the Gulf. The Loop Current may be confined to the southeastern
GOM or it may extend well into the northeastern or north-central Gulf, with intrusions of Loop
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Table 3-5

Significant Impact Levelsfor Air Emissions

MMS Significant FWS Significant
Impact Levels? Impact Levels”
Pollutant Averaging Period (mg/m®) (mg/m°)
Nitrogen Dioxide (NOy) Annual 10 0.1
Sulfur Dioxide (SO») Annual 10 0.1
24-Hour 5.0 0.2
3-Hour 25 10
Particulates (PMpor TSP)  Annual 10 0.16
24-Hour 50 0.32
Carbon Monoxide (CO) 8-Hour 500 N/A
1-Hour 2,000 N/A

30 CFR Chapter Il, Minerals Management Service, Department of the Interior, Section 250.303(¢e);
30 CFR Chapter 11, Minerals Management Service, Department of the Interior, Section 250.45(e).
Update and clarification of Guidance Document For the Review of Offshore Air Pollutant Emissions

Sources, FWS, September 1997.
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Section 3.1.4

Current water even to the shelf edge along Louisiana and the Florida panhandle (e.g., Huh et al.,
1981; Paluszkiewicz et al., 1983).

Closed rings of clockwise-rotating (i.e., anticyclonic) water, called Loop Current Eddies
(LCEsS), separate periodically from the Loop Current. Studies on the frequency of Loop Current
intrusions into the eastern Gulf and of the frequency of LCE separation (Sturges, 1992, 1994,
Sturges et al., 1993; Vukovich, 1988, 1995) clearly show these to be chaotic processes.

Currents associated with the Loop Current and its eddies extend at least to depths of 800
m (2,625 ft), the sill depth of the Florida Straits, and geostrophic shear is observed to extend to
the sill depth of the Yucatan Channel (2,000 m; 6,562 ft). These features may have surface
speeds of 150 to 200 cm/s (2.9 to 3.9 kn) or more; speeds of 10 cm/s (0.2 kn) are not uncommon
at a depth of 500 m (1,640 ft) (Cooper et al., 1990). Anticyclonic eddies separate from the Loop
Current with frequency peaks at 8 to 9 months and at 13 to 14 months (Sturges, 1994). These
Loop Current eddies can have lifespans of one year or more (Elliot, 1982). Therefore, their -
fects can persist at one location for long periods - weeks or even months (e.g., Nowlin et al.,
1998).

The mgjor large-scale permanent circulation feature present in the Western and Central
Planning Areas is an anticyclonic (clockwise rotating) feature oriented about ENE-WSW with its
western extent near lat. 24° N. off Mexico. There has been debate regarding the mechanism for
this anticyclonic circulation and the possible associated western boundary current along the coast
of Mexico. Elliott (1979) attributed LCES as the primary source of energy for the feature, but
Sturges (1993) argued that wind stress curl over the western Gulf is adequate to drive an anticy-
clonic circulation with a western boundary current. Sturges (1993) found annual variability in
the wind stress curl corresponding to the strongest observed boundary current in July and the
weakest in October. Based on ship drift data, Sturges (1993) showed the maximum northward
surface speeds in the western boundary current were 25 to 30 cm/s (0.49 to 0.58 kn) in July and
about 5 cm/s (0.1 kn) in October; the northward transport was estimated to vary from 2.5 to
7.5x10° m®/s (8.83x10’ to 2.65x10° ft%/s). He reasoned that the contribution of LCEs to driving
this anticyclonic feature must be relatively small. Others have attributed the presence of a
northward flow aong the western Gulf boundary to ring-slope-ring interactions (Vidal et al.,
1999).

Stratification

Table 3-6 gives the names, depth ranges, densities, and identifying features of the rem-
nants of the principal water masses, excluding the highly variable surface waters, as observed in
1) the eastern GOM by Morrison and Nowlin (1977) and Nowlin and McLellan (1967); and 2)
the western GOM by Morrison et al. (1983) and Nowlin and McLéellan (1967). Extremain water
mass properties are closely associated with specific density surfaces. All of these subsurface
waters derive from outside the Gulf and enter from the Caribbean Sea through the Y ucatan
Channel, which has a sill depth of approximately 2000 m (6,562 ft). Below that depth, hori-
zontal distributions of temperature and salinity within the Gulf are essentially uniform.

Figure 3-7 presents composite plots of temperature vs. salinity, temperature vs. depth,
and salinity vs. depth for the winter cruise 62-H-3 that covered the entire Gulf. Evident in these
plots is the wide range of near-surface values, especially because sampling extended over the
shelves. Also seen are rather wide ranges of depths at which specific values of temperature or
salinity are found in the main pycnocline and very narrow ranges at depth.
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Table 3-6

Water Massesin the Gulf of Mexico, Associated Property Extremes, and Potential Densities

Eastern Gulf of Mexico Western Gulf of Mexico
Sigma- Sigma-

Water theta theta
Mass Depth(m)  Feature(s)  (mg/cm®)  Depth Feature(s)  (mg/cm®)
SUW-LC 150-250 Siax 25.40 NA NA NA
SUwW 150-250 Siax 25.40 0-250 Siax 25.40
18CW 200-400 Osriax 26.50 NA NA NA
TACW 400-700 Oy 27.15 250-400 Opmin 27.15
AAIW NA NA NA 500-700 NO o 27.30
AAIW 700-900 PO e 27.40 600-800 PO e 27.40
AAIW 800-1,000 S, 27.50 700-800 Sain 27.50

SOZmax NA SOZmax NA
UNADW 900-1,200 SO, 27.70 1,000-1,100 SO, 27.70
Key:
18CW = 18 degree C Sargasso Sea Water
AAIW = Antarctic intermediate water
NO3 e = nitrate maximum
Oomax = dissolved oxygen maximum
Oumin = dissolved oxygen minimum
PO 4max = phosphate maximum
SOsmax = silicate maximum
Siex = salinity maximum
Shin = salinity minimum
SUW = subtropical underwater in the Gulf but outside Loop Current
SUW-LC = subtropical underwater in Loop Current and new Loop Current eddies
TACW = tropical Atlantic central water
UNADW = mixture of upper North Atlantic deep water and high silicate Caribbean
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Section 3.1.4

Figure 3-8 better illustrates upper layer waters with two different distributions. Carib-
bean-type water with a high maximum salinity marking the core of the Subtropical Underwater is
found within the region enclosed by the Loop Current and LCEs, illustrated in the figure by sta-
tion 215, which was within an older LCE found in the northwestern Gulf. The second type of
distribution isillustrated in the figure by station 165, which was located within a cyclone in the
northwestern Gulf; at that station, the salinity maximum at the Subtropical Underwater core is
much reduced by vertical mixing (characteristic of open Gulf waters outside of the Loop Current
and of LCESs), and temperatures and salinities are found higher in the water column than within
the LCEs.

Robinson (1973) describes the seasona variability of the upper waters of the Gulf in
terms of the monthly mean temperatures of the surface and upper 150 m (492 ft) and the depth to
the top of the thermocline. Contoured fields of temperature at six levels and the depth of the
thermocline are presented. Also shown are time series of temperatures averaged for each 2.5° by
2.5° square.

Principal Energetic Currents

At least five classes of phenomena occur in the study area that can cause energetic cur-
rents of potential concern to those involved with offshore oil and gas production and transporta-
tion. Descriptions of these phenomena are provided below.

Currents resulting from energetic, episodic, or regular aimospheric events (e.g.,
cold-air outbreaks, extratropical cyclones, and tropical cyclones such as hurri-
canes);

Surface-intensified currents arising from major surface circulation features (the
Loop Current, the anticyclonic L CEs derived there, and both cyclonic and anticy-
clonic eddies spun up in the Gulf);

Currents extending from about 1,000 m (3,281 ft) through the deeper water col-
umn with little depth variation (e.g., those believed to be associated with topo-
graphic Rossby waves), sometimes with bottom intensification;

High-speed, subsurface-intensified currents or jets; and

Currents responsible for large, linear furrows discovered aong the base of the
continental slope in some locations of the western and central Gulf.

The remaining subsections of this discussion of the physical oceanography of the Gulf
provide overviews of these phenomena.

Currents Caused by Energetic Atmospheric Events

Perhaps the currents of greatest concern are those resulting from strong, episodic wind
events such as tropical cyclones (especialy hurricanes), extratropical cyclones, and cold-air out-
breaks. Such wind events can result in extreme waves and cause currents with speeds of 100 to
150 cm/s (1.9 to 2.9 kn) over the continental shelves. Additional information on wave spectra
and wave kinematics is provided in the last section of the physical oceanography discussion.
Recent examples for the Texas-Louisiana shelf and upper slope are given in Nowlin et al.
(1998). Other researchers (e.g., Brooks, 1983, 1984; Molinari and Mayer, 1982) have measured
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Section 3.1.4

the effects of such phenomena down to depths of 700 m (2,296 ft) and 980 m (3,215 ft), respec-
tively, over the continental slopesin the northwestern and northeastern Gulf.

There are many studies of hurricane effects on the underlying ocean. Most of these focus
on surface wind waves or storm surges. However, an increasing number of studies have consid-
ered the effects on currents and thermal (and density) structures in deep water. Among those
with a focus on hurricanes in the GOM are Leipper (1967), O'Brien and Reid (1967), O’ Brien
(1967), Forristall (1974), Forristall (1980), and Cooper and Thompson (1989a, 1989b). Sanford
et al. (1987) and Price et al. (1994) convey the results of a study of direct current observations
within hurricanes accompanied by model hindcasting and comparisons. Although the hurricanes
studied were out of the immediate study area (i.e., Hurricane Norbert, off western Mexico at lat.
~20°N in September 1984; Hurricanes Josephine and Gloria, off the southeast Atlantic coast at
lat. ~30°N in October 1984 and September 1985, respectively), the results should be equally ap-
plicable to the GOM for hurricanes exhibiting similar characteristics. These authors measured
upper ocean (200 m; 656 ft) currents by deploying aircraft expendable current profilers (AXCP)
in a pattern through each hurricane; AXCP deployment was made possible through use of a
weather reconnaissance plane from which meteorological observations were aso taken. The
oceanic reaction to a severe storm can be separated into the initial “forced response” with the ar-
rival of the storm and the “relaxation stage response”’ with the passage and retreat of the storm.
AXCP measurements were analyzed to separate surface mixed layer and surface wave currents.
The maximum vertically-uniform currents in the surface mixed layer (i.e., from the surface to
~50 m [165 ft]) in the three storms were found to be 73, 110, and 170 cm/s (1.4, 2.1, and 3.3 kn),
with the largest currents measured in each storm’s right quadrant. The vertical shear measure-
ments of the mixed layer currents were on the order 20 to 30 cm/s (0.4 to 0.6 kn). Maximum
surface currents from combining both mixed layer and surface wave components were estimated
at 133to 346 cm/s (2.6 t0 6.7 kn). These results were consistent with model results. Models ac-
counted for 35 to 90 percent (average: 85 percent) of the variance of the mixed layer currents,
and agreement increased with increasing current speed. Mixed layer currents showed patterns of
divergence centered behind the eyes of the storms; these lead to upwelling at the base of that
layer and alowering of sealevel above. Mixed layer divergence and associated distortion of the
thermal and density fields occur on near inertial periods, giving rise to inertial waves with wave
lengths of several hundred km and decay scales of 5 to 10 days (e.g., see Brooks 1983).

Tropical conditions normally prevail over the Gulf from May or June until October or
November. The nomina hurricane season is 1 June through 30 November. Figure 3-9 shows
horizontal current vectors (i.e., hourly values from 3-hr low-passed records) during late August
1992 from two locations off Louisiana at approximately long. 90.5° W. on the shelf edge and up-
per slope. Moorings 13 and 12 were located in water depths of 200 and 504 m (656 and 1,654
ft), respectively. Current meter depths are indicated. The eye of Hurricane Andrew passed on a
northeastward track about 85 km (53 mi) north of mooring 13 at 0000 UTC on 26 August. Near-
surface instruments recorded a large surge of water directed to the left of the storm's track just
before the passage of the eye; maximum values at 10 m (32.8 ft) on mooring 13 reached 163
cm/s (3.2 kn). Following the initial surge, an oscillation with near inertial period was set up that
penetrated, with diminished amplitude, to the deepest instrument on mooring 13 approximately
24 hours after the initial surge. Some time delay and considerable decrease in amplitude with
depth is seen, although the maximum speed at 190 m (623 ft) exceeded 100 cm/s (1.9 kn). There
was a weak coherent response at 490 m (1,607 ft) at mooring 12 (note the change in velocity
scale). Theinertial oscillation continued with diminishing amplitudes for about one week.
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Section 3.1.4

Figure 3-10 shows hourly current components (u positive to the east and v positive to the north)
measured at indicated depths from 200 to 700 m (656 to 2,297 ft) on moorings S (lat. 26° N.,
long. 96°10' W.) and C (55 km [34 mi] north of S). Both moorings were approximately on the
730-m (2,395-ft) isobath. At approximately 0000 UTC on 10 August 1980, the eye of Hurricane
Allen passed about 65 km ( 40.4 mi) west-southwest of mooring S on a track toward the north-
northwest. The effects of the hurricane passage were reported by Brooks (1983). Currents were
stronger at mooring C than at S, although currents at both were affected, even to within 20 m (66
ft) of the bottom. The observed forced stage response to the storm was a strong southward,
alongshore current that occurred with the landward passage of the hurricane; maximum speeds
exceeded 90 cm/s (1.7 kn) in the thermocline at 200 m (656 ft) and 15 cm/s (0.3 kn) at 700 m
(2,296 ft). This surge triggered a series of internal waves with near inertial period as the relaxa-
tion stage response; these elliptical motions had maximum speeds along shore that reached 50
cm/s (1.0 kn) within about three days and then lasted for about five days with decreasing ampli-
tudes. These oscillations were coherent over the scale of mooring separation (55 km; 34 mi) and
with depth.

From October or November until March or April, the Gulf experiences intrusions of cold,
dry continental air masses. These result in the formation of extratropical cyclones and cold-air
outbreaks, both of which can cause highly energetic surface currents. On average, about 10 to 12
extratropical cyclones are formed over the northern Gulf per year; the number of frontal passages
varies from one to two per month in summer to over 10 per month in winter. To illustrate the
effects of an extreme extratropical cyclone, figure 3-11 shows eastward (u) and northward (v)
components of currents (i.e., hourly values from 3-hr low-passed records) from two moorings
located off Louisiana at approximately long. 90.5°W. Moorings 13 and 12 were in water depths
of 200 m (656 ft) and 504 m (1,654 ft), respectively. On 12 March 1993, a Class 5 extratropical
cyclone moved from west to east across the Texas-Louisiana shelf with its center approximately
over the 1,500-m (4,922-ft) isobath. Initially, the flow over the outer shelf and slope was toward
the northeast as part of an induced cyclonic circulation over the Texas-Louisiana shelf. Follow-
ing the passage of the storm out of the area on 13 March, a surge occurred to the southwest, fol-
lowed by a period (14-17 March) of strong motion toward the northeast, with diurna modula-
tion. This was followed by an energetic near-inertial oscillation with decreasing amplitude last-
ing over aweek. The maximum observed speeds associated with this event were 65, 22, 67, 41,
and 35 cm/s (1.3, 0.4, 1.3, 0.8, and 0.7 kn) at moorings 12 (upper, 12 m; 39.37 ft), , 12 (lower;
100 m; 328 ft), 13 (upper; 10 m; 33 m), 13 (mid; 100 m; 328 ft), and 13 (lower; 190 m; 623 ft),
respectively.

During the MM S-sponsored LATEX program of the early 1990s, a class of energetic sur-
face currents previously unreported in the GOM were found over the Texas and Louisiana
shelves (Nowlin et al., 1998). To illustrate these currents, figure 3-12 shows eastward (u) and
northward (v) components of currents from 3- to 40-hr band-passed records made in July and
December 1992 at mooring 10 located off Louisiana (lat. 27.94° N., long. 92.75° W.) in water
depths of 200 m (656 ft). The July sequence shows maximum amplitudes of 40 to 60 cm/s (0.8
to 1.2 kn) at a depth of 12 m (39 ft) for the situation of light winds. The period of diminished
amplitudes followed an atmospheric frontal passage. These are near-circular, clockwise-rotating
oscillations with a period near 24 hours. They seem to be an illustration of thermally induced
cycling (Price et al., 1986) in which high-amplitude rotary currents can exist in thin mixed layers
typical of summer. By contrast, the December sequence shown in figure 3-12 evidences no such
behavior. Many examples of such currents, in phase at distinct locations, exist for the Texas-
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Section 3.1.4

Louisiana shelf and, by implication, further offshore. Currents at a depth of 1 m (3.3 ft) have
been observed to reach 100 cm/s (1.9 kn).

Clearly episodic wind events can cause major currents in the deep waters of the Gulf.
The initial currents give rise to inertial oscillations with decreasing amplitudes, which last for up
to about 10 days and are superimposed on longer period signals.

Surface-intensified Circulation Features

The phenomena of most concern in the past to deepwater operators in the GOM were sur-
face-intensified currents associated with the Loop Current (LC), LC eddies (LCEs) detached
from the LC, and other eddies (both anticyclonic and cyclonic). Currents associated with the LC
and LCEs extend into the water column to as deep as 1,000 m (3,281 ft), and, in the case of the
LC itself, perhaps to depths approaching the sill depth of the Y ucatan Channel (2,000 m; 6,560
ft). Periods between LC detachments vary from 4 to 16 months (Sturges, 1994). Initialy, these
features have diameters greater than 250 km (155 mi), with typical values closer to 350 km (217
mi), which decrease by 45 percent within 150 days and 70 percent within 300 days (Elliot,
1982). These currents can have surface speeds of 150 to 200 cm/s (2.9 to 3.9 kn) or more;
speeds of 10 cm/s (0.2 kn) are not uncommon at 500 m (1,640 ft) (Cooper et al., 1990). Addi-
tional details regarding water mass distribution in the study area are provided in table 3-6.

After separating from the LC, L CEs move into the western Gulf at an average tranglation
speed of 5 km (3.1 mi) per day (range of 1 to 20 km/day, or 0.6 to 12.4 mi/day), and in the proc-
ess may interact with other eddies or with the continental margins to form additional eddies (e.g.,
see Smith, 1986). They have typical lifetimes of 350 to 400 days (Elliott, 1982) and decay by
interactions with boundaries, ring shedding, and ring-ring interactions. The net result is that at
amost any given time, the Gulf is populated with numerous eddies, which are interacting with
one another and with the margins. As an example, figure 3-13 shows sea surface height anomaly
(in cm) relative to a mean sea surface for 9 May 1993. It is based on satellite altimeter gridded
data by R. Leben, Colorado Center for Astrodynamics Research, as described in Biggs et al.
(1996). Clearly seen isthe Loop Current, one semi-detached anticyclonic feature, the remnants
of two LCEs, and many cyclonic features of various strengths. Many of these separated anticy-
clonic and cyclonic features would be expected to have surface currents exceeding 50 cm/s (1.0
kn) and perhaps as high as 100 cm/s (1.9 kn).

Although the LC and LCEs have been studied since the early 1960s, details of their ve-
locity distributions and variability remain virtualy unknown. Only a few estimates of three-
dimensional velocity fields have been reported (e.g., Cooper et al., 1990; Forristall et al., 1992).
As an example, figure 3-14 shows components of velocity (cm/s) normal to a section extending
from approximately lat. 27.4° N., long. 90.6° W. (station 64) to lat. 24.8° N., long. 89.4° W. (sta-
tion 78). Measurements were made with a lowered Neil Brown acoustic current meter by For-
ristall et al. (1992); ship motion was estimated using Loran-C and motion of the instrument rela-
tive to the ship was measured with an ultra-short baseline acoustic system. This section crossed
the LCE Fast Eddy during August 1985 and components are taken to represent azimuthal swirl
speeds of the eddy. Positive components are directed toward 65°. Surface currents exceeded
160 cm/s (3.1 kn) on one side of this LCE and 120 cm/s (2.3 kn) on the other side. Speeds at 200
m (656 ft) reached 100 cm/s (1.9 kn) in this young L CE located in the north-central Gulf.

To illustrate currents produced by LCEs in the northwestern Gulf, and at somewhat
greater depths, figure 3-15 shows 40-hr, low passed current components from the same moorings
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C and S discussed in connection with hurricane effects (figure 3-10). At mooring S, large
northward components, accompanied by reversing east-west components, are seen at the upper
instrument commencing in late September and continuing into early November. During this pe-
riod, northward speeds at a depth of 200 m (656 ft) averaged about 50 cm/s (1.0 kn), with bursts
exceeding 70 cm/s (1.4 kn). This period of high-speed flow resulted because of the presence in
the area of a clockwise-rotating remnant of an LCE (Brooks, 1984). The vector velocities (not
shown) reveal that the current varied in direction from northwest to northeast several times dur-
ing this period; the implication is that the western edge of the eddy repeatedly moved north and
south over the mooring during the period. Maximum speeds associated with this LCE at 200 m
(656 ft) reached 60 cm/s (1.2 kn); speeds at 450 m (1,476 ft) were considerably lower but nev-
ertheless noteworthy, with values in excess of 35 cm/s (0.7 kn). Even near the bottom, at depths
of 700 m (2,296 ft), speeds reached 10 cm/s (0.2 kn) Velocities at mooring C were not corre-
lated with those at mooring S. A cyclonic eddy (also noted to be in the area by Brooks, 1984)
was situated between moorings C and S from about 10 through 20 September, as seen by the
northwestward flow at S and southeastward flow at C.

Figure 3-16 shows horizontal current vectors (hourly values from 3-hr low-passed rec-
ords) from moorings located approximately equidistant along the 200-m (656-ft) isobath at the
edge of the Texas continental shelf. Mooring 6 was at lat. 27.71° N., long. 95.66° W.; mooring 9
was at lat. 27.81°N., long. 93.50°W. The influence of Loop Current Eddy V over the shelf edge
IS seen as it moves generally eastward past each mooring, beginning at mooring 6, from 22 July
to 9 August. Maximum speeds at the upper instruments (~10 m; 32 ft) ranged from 50 to 100
cm/s (1.0 to 1.9 kn); those at mid-depth instruments (100 m; 328 ft) approached or exceeded 50
cm/s (1.0 kn). It should be noted that this L CE remnant was only the northern portion of an old
ring that had been separated into two parts by interaction with another eddy.

Energetic, high-frequency currents have been reported to occur as L CEs flow past struc-
tures, but they are not well documented; such currents would be of concern to offshore operators
because they could induce structural fatigue of materials.

Only limited information is available concerning the velocity fields within cyclonic and
ancillary anticyclonic eddies; salient references include Vukovich and Maul (1985), Forristall et
al. (1992), and notably Hamilton (1992) and Berger et al. (1996). Hamilton (1992) reports the
existence in the central Gulf and over the Louisiana continental shelf of cold cyclones with the
following characteristics. upper layer current velocities of 30 to 50 cm/s (0.6 to 1.0 kn), little sur-
face temperature expression, largest isotherm displacements in the depth range 200 to 800 m
(656 to —2,624 ft), diameters of 100 to 150 km (62 to —93.2 mi), and long lifetimes.

Based on LATEX-C (i.e., Louisiana/Texas Shelf Physical Oceanography Program: Eddy
Circulation Study), Berger et al. (1996) reported the existence over the continental slope and off-
shore of numerous eddies smaller than LCEs. Three small types of eddies can be identified from
the results of that study: cyclonic eddies, anticyclonic eddies, and a submesoscale coherent vor-
tex. The cyclones are probably the same features described over the slope by Hamilton (1992)
and mentioned by Hamilton et al. (1999). These features are seen to affect the thermal fields to

diameters of 150" km (93.2 mi), although the observed radii of solid body rotation seems to ex-
tend only to 25 to 50 km (15.5 to 31.1 mi). Maximum currents are 30 to 50 cm/s (0.6 to 1.0 kn)
and occur somewhat beneath the surface (e.g. around 200 m [656 ft]). Velocities extend into the
water column to depths of 800 to 1,000 m (2,625 to —3,281 ft). Isotherms are sometimes db-
served to be depressed in the surface waters with the doming found in cyclones beginning around
200 m (656 ft) and increasing with increasing depth down to at least 1,500 m (4,922 ft), conso-
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nant with the occurrence of maximum currents near 200 m (656 ft). The secondary anticyclones
observed over the continental slopes of Texas and Louisiana appear to have horizontal extents as
small as, or smaller than, the cyclones. However, such secondary anticylones are numerous and
are often found over the upper slope. Unlike the cyclones, secondary anticyclones have their
maximum thermal expression in the surface layers. There exist only minimal measurements of
the velocity structure in these features, although it is speculated that maximum velocities are <50
cm/s (<1.0 kn). On one occasion in October 1993, Berger et al. (1996) observed over the slope
(near long. 92.5°W) an eddy not previously observed in the GOM, a submesoscale coherent
vortex as generally described by McWilliams (1985). This eddy had athermal structure that was
raised and lowered, respectively, above and below a subsurface level of about 350 m (1,148 ft).

Deep Barotropic Currents

During the mid-1980s, deep currents were observed to exist in the Gulf from depths near
1,000 m (3,281 ft) to the bottom. Hamilton (1990) described such currents at three locations
(i.e., in deepwater portions of the eastern, central, and western Gulf). These deep currents were
seen to be essentially depth-independent, though with some energy intensification with increas-
ing depth near bottom. These currents were observed to have spectral peaks near 25 days and
from 40 to 100 days. Hamilton (1990) concluded that such currents result from topographic
Rossby waves and estimated that the wavelengths range from 150 to 250 km (93 to 155 mi).
Hamilton (1990) speculated that these Rossby waves may be generated by low-frequency fluc-
tuations of the Loop Current, and particularly on separation of LCES. Propagation speeds into
the western Gulf for these waves were found to be greater (perhaps 9 km/day [5.6 mi/d]) than the
average propagation speeds of the separated L CEs (5 km/day [3.1 mi/d]). This means that these
deep barotropic Rossby waves likely become independent of the upper layer LCEs relatively
rapidly. Sturges et al. (1993) observed similar phenomena from numerical model results for the
Gulf. They showed the seemingly distinct propagation of the deep waves and the surface intensi-
fied LCEs from eastern to western Gulf. Deep circulation patterns distinct from those associated
with the surface-intensified eddies have also been seen in numerical model studies by Hurlbert
and Thompson (1982) and Inoue and Welsh (1997). Public and proprietary measurements have
indicated such barotropic currents have maximum speeds from near 40 cm/s (0.8 kn) to 100 cm/s
(1.9 kn). This class of barotropic currents, with possible bottom intensification, is of high inter-
est to offshore operators attempting oil production in water depths of 1,000 m (3,281 ft) and
greater; measurements are ongoing in the Western and Central Planning Areas by MM S and off-
shore operators.

High-speed, Subsurface-intensified Currents

Severa deep water oil and gas operators have observed very high-speed, subsurface-
intensified currents lasting as long as a day at locations over the upper continental slopes (i.e.,
water depths of 700 m [2,296 ft] or less). Such currents may have vertical extents of less than
100 m (328 ft), and they generally occur within the depth range of 100 to 300 (328 to 984 ft) m.
Maximum speeds exceeding 150 cm/s (2.9 kn) have been reported.

Examining data from locations in depths of 1,200 to 1,500 m (3,937 to —4,922 ft), scien-
tists at Texas A&M (W. Nowlin, 1999, persona communication) have observed currents with
maximum subsurface speeds of 50 cm/s (1.0 kn) lasting for about one day, with bursts of speed
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peaking at more than 100 cm/s (1.9 kn). The higher-speed currents appear to propagate upward,
characteristic of baroclinic waves (either sub- or super-inertial). It seems possible that such phe-
nomena could be intensified near topography. Causal mechanisms are being sought.

Model results also show short-period, subsurface-intensified currents over the Gulf
slopes, but with maximum speeds approaching only 50 cm/s (1.0 kn). More evidence for this
phenomenon is being sought in observations and in model results.

Currents Responsible for Furrows

In early 1999, W. Bryant of Texas A&M University (1999, personal communication) dis-
covered and mapped, using a deep-towed acoustic system, a previously unexplored bedform just
offshore of the Sigsbee Escarpment in the northwestern GOM. These are large, long furrows
eroded into the Holocene deposits blanketing this region. These furrows, which are spaced on
the order of 100 m apart, have depths of 5 to 10 m (16 to —33 ft), widths of several tens of me-
ters, and extend unbroken for distances of tens of kilometers or more. Generally, these furrows
are oriented nearly along depth contours. Bryant has observed them in the region of long. 90° W.
just off the Sigsbee Escarpment and near the Bryant Fan, south of Bryant Canyon, from long. 91°
W. to 92.5° W. Depths in those regions range from 2,000 to 3,000 m (6,562 to —9,843 ft). The
existence of these features recently has been corroborated, and they have been mapped more ex-
tensively in the area of Green's Knoll by offshore oil and gas operators.

It appears that the processes responsible for these furrows are presently active. Based on
the change in character of these features from offshore toward the escarpment, and on the rather
good agreement of that change with changes observed in published laboratory studies of subma-
rine erosion (e.g., Dzulynski, 1965; Allen, 1969), the tentative conclusion is that bottom currents
responsible for these features are oriented along isobaths and increase in strength toward the es-
carpment. It is difficult to extrapolate from the laboratory experiments to the real world, but
speculation is that near-bottom speeds of currents responsible for the inshore furrows might be
50 cm/s (1.0 kn), and possibly in excess of 100 cm/s (1.9 kn). These currents might be sporadic
or quasi-permanent. The furrows and the currents responsible for them may also exist over a
considerable part of the yet unexplored base of the continental slope in the GOM.

The implications of these furrows and currents for oil and gas production are manifold.
These currents may represent a distinctly different phenomenon, and thus different set of prob-
lems, than the other classes of currents observed to date and presently under consideration.

Overview of Deepwater Currents

Many observations of the effects of energetic wind events have been reported; however,
only alimited number of measurements of wind-driven energetic currents have been reported for
the study area. Representative examples have been discussed previously; others examples are
discussed in Nowlin et al. (1998).

Figure 3-17 presents a schematic of design currents in the deepwater region of the GOM
for three classes of phenomena: topographic Rossby waves, LCEs, and subsurface-intensified,
high-speed jets (shown by gray domain). Currents associated with anticyclonic eddies have been
the most often measured or estimated; those associated with cyclonic eddies, though less well
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surveyed, are assumed to be of the same or lesser magnitudes than their anticyclonic counter-
parts. The phenomena of deep barotropic currents, perhaps with bottom intensification, have
been observed and reported in the open literature on one occasion, but are only substantiated by
model results and proprietary measurements. Subsurface-intensified, high-speed jets have now
been documented in many data sets, but they have not yet been reported in the open literature.
The physical mechanisms responsible for those jets are not yet identified.

The class of currents responsible for the newly found furrows near the Sigsbee Escarp-
ment is even less well understood. Speculation regarding currents responsible for bottom fur-
rowsin the literature is based partly on laboratory experiments. Such work attributes the furrows
to rows of counter-rotating helical currents generally directed along the furrows with rising parts
of the helixes over the furrows. No direct measurements have yet been reported in the literature.

Surface Wind Waves

Oceanic surface gravity waves with periods of 1 to 30 s contain large amounts of surface
wave energy. Surface wind waves are produced by the action of the wind at the air-sea interface
and have gravity as the restoring force. They consist of two types. sea and swell (U.S. Army
Corps of Engineers, 1984). Seas (also referred to as wind waves) have typical periods of 0.2t0 9
s and are generated by local winds; swell, with periods of 9 to 30 s, consist of waves that have
propagated from another region in which they were generated (Pond and Pickard, 1983; LeBlond
and Mysak, 1978).

Summarizing the wave climatology over the Texas-Louisiana shelf, Kelly (1988) noted
that winds from the southeast and south typically had low to moderate speeds. Therefore, d-
though the fetch (i.e., the distance over which the wind blows) is relatively large, waves gener-
ated by these winds were in the range of only 0.5 to 1.5 m (1.6 to 4.9 ft). Winds from the north,
often strong winds associated with cold air outbreaks, have short fetch near coast, increasing off-
shore. The cold air outbreaks typically resulted in 2- to 3-m (6.6 to 9.8 ft) waves nearshore and
4- to 6-m (13.1 to 19.7 ft) waves over the outer shelf; wave periods were 4to 6 s. The extreme
hurricane wind speeds produced higher waves (7 to 10 m [23 to 33 ft]) with longer periods (9 to
1359).

Using ship observations taken prior to 1977, Quayle and Fulbright (1977) determined
wave heights over the slope and shelf of the northern GOM. They found average wave heights
of 1 m (3.3 ft) throughout the northern Gulf, with approximately 94 percent of the wave heights
being 2 m (6.6 ft) or less, but ranging up to 9.5 m (31.2 ft). They also noted that their data were
biased toward good weather conditions because ships tended to avoid bad weather when possi-
ble. Because the fetch in the GOM is limited, waves having large amplitudes and long periods
(i.e, 10 s or greater) are rare (McGrail and Carnes, 1983, and references therein) and are gener-
ally associated with extreme episodic weather events such as hurricanes (National Data Buoy
Center, 1990).

The National Data Buoy Center (NDBC) of the National Oceanic and Atmospheric Ad-
ministration maintains meteorological buoys in the GOM. Three of these are located along gp-
proximately lat. 26°N in waters with depths near 3,200 m (10,500 ft). Between 1973 and 1993,
one or more of the buoys have provided data used by NDBC to compute significant wave height
and wave period. Wave data are calculated by NDBC by applying spectral analysis to datafrom
accelerometers or inclinometers that measure the heave acceleration or vertical displacement of
the buoy hull during the wave acquisition time (Steele and Mettlach, 1993). The significant
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wave height is calculated as the average of the highest one-third of all the wave heights measured
during a 20-minute sampling period. The average wave period is the average period of all waves
during the sampling period. The dominant wave period is the period with the maximum wave
energy. NDBC datafor monthly and annual means of significant wave height, average wave pe-
riod, and dominant wave period for the four buoys are available at the NDBC website
(www.ndbc.noaa.gov). Throughout the deep water areas of the GOM, the patterns of significant
wave height and wave period are similar. The monthly mean significant wave heights average
1.1 m (3.6 ft) and range from 0.6 m to 1.5 m (2 to 5 ft) and the average wave period ranges from
4.1to0 5.2 swithamean of 4.8s. Approximately 92 to 94 percent of the wave heights were 2 m
(6.6 ft) or less at the deep water buoys, while the patterns evident in shallow water were similar
(i.e., 92 percent of the wave heights were 2 m [6.6 ft] or less).

The mean significant wave heights and wave periods for the three deep water buoys were
averaged to obtain general seasonal patterns. Higher mean significant wave heights and longer
average and dominant wave periods occur between November and March. As expected, the
lowest heights and shortest periods occur in summertime, when fewer frontal passages or other
storms occur (Nowlinet al., 1998).

Maximum monthly significant wave heights for the deep water buoys range from 2.9 to
10.7 m (9.5 to 35.1 ft). Although the maxima for the period of record (1973 to 1993) are small-
est from April to July, thereisless regular seasona pattern for the maximum heights than for the
mean heights. This is because the maxima are associated with the energetic, episodic wind
events, such as hurricanes, which occur between June and November, or cyclogenesis events,
which occur mainly between November and May (Nowlin et al., 1998). With sufficiently long
records, it is likely that the maximum significant wave height would increase to 9 m (29.5 ft) or
more for al months since strong storms could occur in any month; but, because extreme events
arerare, the mean significant wave height likely would remain similar.

The energetic events, which produce the larger waves, are of great concern in the design
of offshore structures. Considerable effort has been spent to estimate these waves, both direc-
tional spectra and kinematics, from meteorological data through the use of hindcast modeling
and to validate such models (e.g., Cardone et al., 1976; Forristall et al., 1978, 1980). As part of
model validation, Ward et al. (1978) developed a hurricane climatology covering the period
1900 through 1974 based on wave data from 48 GOM storms with a central pressure of 980 mb
or less. While they found maximum significant wave heights ranging from 4.6 to 15.5 m (15.1
to 50.9 ft), with an average of 9.7 m (31.8 ft), more than half of the storms evaluated (i.e., 27 of
48) were characterized by maximum significant wave heights greater than 10 m (32.8 ft). Using
the Cardone et al. (1976) wave hindcast model validated by Ward et al. (1978), Haring and Hei-
deman (1978) estimated rare wave heights associated with 22 severe hurricanes occurring in the
GOM between 1900 and 1977. They found the model results varied little between the three
sectors studied off the coasts of south Texas, east Texas-west Louisiana, and east Louisiana
Mississippi-Alabama. They found 100-yr significant wave heights of 12 to 13 m (39.4 to 42.7 ft)
in water depths of 70 to 700 m (230 to 2,297 ft) and 11 to 12 m (36.1 to —39.4 ft) in shallower
waters; the dominant spectral wave periods were 14 tol5 s in all water depths studied. Maxi-
mum 100-yr wave heights were estimated to be 20 to 22 m (65.6 to 72.2 ft).

The Waterways Experiment Station (WES) has a Wave Information Study series (WIS)
that examines the wave statistics of the GOM and compares the result of the WES wave hindcast
model to observations. Tracy and Cialone (1996) presented the results of the WIS 1995 GOM
wave hindcast. They reported that, during Hurricane Opal, which was an intense category 4 hur-
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ricane in October 1995, the observed maximum significant wave height and maximum peak pe-
riod in the deepwater areas of the central and eastern GOM reached 10 m (32.8 ft) and 13 s at
buoy 42001, near which Opal passed by, and 8 m (26.2 ft) and 22 s at buoy 42003. In shallow
water (53 m; 174 ft) over the northeastern Gulf, one buoy measured maximum significant wave
heights of 8 m (26.2 ft) and peak period of 18 s. Tracy and Cialone (1996) compared their hind-
cast model results with these observations and concluded they matched very well.

In August 1992, Hurricane Andrew, which was within 2 mb of becoming a category 5
hurricane, generated substantial surface waves that were well documented over both the deep
water and the Texas-Louisiana shelf. Stone et al. (1993) and Breaker et al. (1994) reported on
measurements made at buoys 42003, which was ~50 km (31 mi) southwest of the hurricane at its
closest, and buoy 42001, which was ~240 km (149 mi) southwest. Prior to the hurricane, seas at
42003 had wave heights of less than 1 m (3.3 ft) and wave periods of 4 to 8 s. Asthe hurricane
passed near the buoy, seas reached a maximum significant wave height of over 6 m (19.7 ft) and
peak wave periods of 17 s. Measurements from buoy 42001 also showed the influence of Hurri-
cane Andrew with a time lag of approximately 9 hrs (Stone et al., 1993). The significant wave
height increased from less than 2 m (6.6 ft) before the hurricane to over 4 m (13.1 ft), while the
wave period increased from ~7 sto 17 s. Waves at buoy 42003 were generated primarily by the
hurricane until it passed by; waves at buoy 42001, however, were primarily swell (Breaker et al.,
1994). DiMarco et al. (1995) examined the conditions over the Texas-Louisiana shelf during
passage of Hurricane Andrew. They found the maximum significant wave height was 9.09 m
(29.8 ft) and the peak wave period was 10.7 s as the hurricane passed within ~30 km (18.6 mi) of
amooring in 21 m (68.9 ft) of water. At the mooring located farthest from the wave generation
zone (approximately 1,400 km [870 mi] away), the maximum significant wave height was 1.6 m
(5.2 ft) with apeak period of 16 s.

Hurricanes, however, are not the only intense storms that can generate substantial waves.
Approximately 10 times each year, winter cyclones develop over the GOM in a process called
cyclogenesis (Hsu, 1988; Johnson et al., 1984). On 12 March 1993, an intense extratropical cy-
clone, comparable to a category 1 hurricane, developed off the south Texas coast (Nowlin et al.,
1998). From 0600 to 1800 UTC on 12 March, it moved eastward along the Texas shelf edge be-
fore turning to the northeast. At about 0900 UTC 13 March, it exited the Gulf over Florida at
about long. 85°W (Shumann et al., 1995). Time series of the significant wave height, average
wave period, and dominant wave period were developed from buoy measurements; maxima for
these parameters were, respectively, 9.2 m (30.2 ft), 9.7 s, and 14.3 s at eastern buoy 42003, 9.1
m (29.9 ft), 9.8 s, and 12.5 s at central buoy 42001, and 7.8 m (25.6 ft), 9.1 s, and 12.5 s at west-
ern buoy 42002. The peaks in height and period progress in time from the western to eastern
buoys. The significant wave heights are greater further east, reflecting typical conditions for cy-
clones — maximum wave heights occur to the right of the path of forward movement of a storm
system (U.S. Army Corps of Engineers, 1984). The buoys in the central and eastern Gulf were
on the right side of the storm for a longer time than was the buoy on the west. On the shelf at
buoy 42020, off the south Texas coast, the maximum significant wave height was 6.1 m (20.0 ft),
the average wave period was 7.8 s, and the dominant wave period was 10.0 s. The maximum
record-length significant wave heights at buoys 42001 and 42020 were associated with this ¢y-
clone.
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3.1.5 Water and Sediment Quality

Oil and gas production activities in the Western and Central Planning Areas have
historically been conducted predominantly in the shelf area (i.e., in water less than 200 m deep).
However, the current trend, aided by new technologies, is to produce oil and gas from areas in
ever increasing water depths. For example, MM S production figures for the GOM indicate that
deepwater production (>300 m; 984 ft) of both oil and gas increased from 6 percent in 1985 to 36
percent in 1998, and from less than one percent of the total production of oil and gasin 1985 to
11 percent of production in 1998. This trend is likely to continue. The major chemical
congtituents of concern in the GOM are salinity, nutrients, trace metals, hydrocarbons, and
synthetic organics. The discussion of salinity and nutrients is included as part of the general
description of the water masses in deep waters. The discussion of trace elements, hydrocarbons,
and synthetic organicsis of special interest in evaluating marine pollution resulting from human
activities (e.g., oil and gas operations).

The search for and production of offshore oil requires drilling operations. Drilling
operations produce by-products, including cuttings (rock fragments), drilling muds, and
produced water. Drilling muds and cuttings are routinely discharged during drilling activities
and may be released in limited amounts during well workover operations. By comparison,
produced water is normally released in limited amounts during drilling operations, but may be
discharged in moderate to large volumes during production, depending upon the nature of the oil
and gas being produced. Drilling muds fulfill a variety of functions and are formulated
according to type of drilling (e.g., deviation from vertical) and geological conditions at the drill
site. Many different mud formulations are often used in drilling a single well. The fate and
effects of discharged cuttings and associated drilling muds and produced waters have been
studied. Generadly, the area around a platform where these materials are deposited, and where
observable effects on the ecosystem could be established, were confined to within 1 to 3 km of
the drilling platform (Neff et al., 1985; Neff, 1997).

Generally, human impacts on the environment are greatest in the immediate vicinity of
the activity of concern, with impacts generally decreasing in severity with increasing distance
from the impact source. Natural processes, however, can transport chemical contaminants great
distances, affecting ecosystems far removed from the area of input. One such area where natural
processes have the potential to affect such transport is the offshore GOM. Understanding the
potential for human activities to affect remote areas therefore requires an understanding of these
natural processes. There is considerable information regarding how nearshore environments have
been impacted by human activities, but only sparse information of this type is available for
offshore areas. As humans move their activities, such as oil production, farther offshore, the
information we have developed for nearshore areas, coupled with our understanding of natural
transport processes, can be used to place limits on the extent of potential impacts in offshore
areas. Due to the connection between nearshore and offshore contamination, human activities
that can degrade nearshore and/or offshore environments are discussed in the following sections.

3.1.5.1 Coastal Waters

Though the use of FPSOs is projected for deepwater regions of the central and western
Gulf, support operations (i.e., shuttle tankers carrying FPSO-produced oil, crew and supply
vessels) will traverse coastal waters adjacent to Gulf ports. In addition, the potential for
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accidents and oil spills from FPSO operations may have ramifications for nearshore coasta
waters. The following description of the Gulf’s coastal water environment has been devel oped
with these considerations in mind.

The coastal waters of the GOM encompass humerous bays and estuaries, which provide
important feeding, breeding, and/or nursery habitat for many fish, invertebrate, bird, and
mammal species. The biological characteristics of estuarine and wetland areas of the Gulf are
described in detail in Section 3.2.1. In general, estuaries are highly productive ecosystems,
where marine waters pushed viatidal action mix with riverine (freshwater) outflow. It has been
estimated that more than 95 percent of the commercial fishery harvest from the Gulf is
comprised of estuarine-dependent species, while most fishery species of recreational importance
rely on estuaries during some portion of their life cycle (USEPA, 1999). For example,
commercialy important menhaden, shrimp, oyster, and blue crab all rely heavily on a healthy
estuarine environment.

Estuarine systems of the Gulf fall into one of two biogeographic provinces — the West
Indian Province, extending from Tampa Bay to the Florida Keys, and the Louisianian Province,
extending from the Rio Grande region in Texas to Anclote Key, Florida. The latter province is
of primary concern to this assessment. USEPA (1999) identifies 13 major estuarine systems
(i.e., surface area >280 km? [>108 mi?]) within the Louisianian Province, including nine located
inshore of the Central and Western Planning Areas. From west to east, they are Corpus Christi
Bay, Galveston Bay, Sabine Lake, Vermilion-Atchafalaya Bay, Terrebonne Bay, Barataria Bay,
Breton Sound, Lake Pontchartrain, and Mobile Bay. In addition, hundreds of smaller estuaries
line the Gulf Coast inshore of the study area. USEPA (1999) provides detailed information on
each estuary, with characterizations pertinent to 18 separate measures of estuarine quality (i.e.,
total surface and drainage area; average depth; average daily freshwater inflow; salinity; silt-clay
percentage; percentage of areas with low water clarity, high total dissolved nitrogen, high
chlorophyll, hypoxia, anoxia, low dissolved oxygen, and sediment contamination; areas of
coastal wetlands and submerged aguatic vegetation; percentage of area with degraded benthos,
percentage of fish with pathology, and percentage of acreage with harvest limited shellfish beds).

Four primary habitat characteristics affect the composition and natural functioning of an
estuary (i.e.,, water depth, salinity, temperature, and sediment type). According to USEPA
(1999), the following are prominent characteristics of the Louisianian Province estuaries of the
GOM:

Average estuarine water depth is 3 m (9.8 ft), with maximum depths (i.e.,, >10 m
[32.8 ft]) found within dredged channels and the Mississippi River;

Half of the estuaries are polyhaine (i.e., bottom salinity >18 parts per thousand
[ppt]), while 23 and 27 percent of the remaining estuaries exhibit salinities of <5 ppt
and 5 to 18 ppt, respectively;

Shallow Gulf estuaries are highly subject to temperature fluctuations, given their
relatively shallow depth; water temperatures can range from 4 to 32 degrees C over
the course of ayear; and

Sediment types for estuaries inshore of the Central and Western Planning Areas are
primarily mud (i.e., >80 percent silt-clay) or mixed mud-sand (i.e., 20 to 80 percent
slt-clay).
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USEPA (1999) has compiled the most recent assessment of water quality within estuaries
and coastal waters of the GOM, based on data collected by individual Gulf states in 1996.
Estuaries are classified based on their designated beneficial uses (e.g., aguatic life support, fish
consumption, recreation). Results indicate that 1) 78 percent of the Gulf’s estuaries have been
surveyed, representing a total of 39,666 km? (15,315 mi%) and 2) of the estuaries surveyed,
dightly less than two-thirds (65 percent) have good water quality and support their designated
uses, while the remainder are considered “impaired” due to nutrient enrichment, the influx of
pathogens, increases in oil and grease concentrations, alteration of habitat, salinity and/or
chloride intrusion, siltation, or organic enrichment. In Louisiana, all seven of these factors have
to some extent adversely affected between 5 and 20 percent of the estuaries. Pathogen indicators
are also present in a limited number of estuaries in Alabama, Mississippi, and Texas, while
organic enrichment and nutrient enrichment have been documented in severa estuaries in
Mississippi and Texas.

The primary activities occurring along the Gulf Coast that have contributed, or are still
contributing, to the degradation of coastal water conditions include the petrochemical industry;
agricultural; power plants; pulp and paper mills, fish processing; municipal wastewater
treatment; maritime shipping; and dredging. The petrochemical industry along the Gulf Coast is
the largest in the U.S. This industry includes extensive onshore and offshore oil and gas
development operations, tanker and barge transport of both imported and domestic petroleum
into the Gulf region, and petrochemical refining and manufacturing operations.

More than 3,700 point sources of contamination flow into the GOM (Weber et al., 1992).
Point sources contribute contaminants through discharges and accidental releases. About 460 of
these point source inputs discharge directly into the waters of the Gulf or its estuaries. Of this
total, 113 are municipalities discharging more than a billion gallons (more than 3.8 billion liters,
or 1.0 hillion gallons) per day of sewage effluent into Gulf coastal waters (Weber et al., 1992).
Of the remaining industrial sources, 192 are in Texas, 79 are in Louisiana, 30 are in Mississippi,
29 are in Alabama, and 17 are in Florida. Most are petroleum refineries and petrochemical
plants.

Vessal traffic is another major point source of contamination to Gulf waters. Vessels
contribute bilge and waste discharges, spills, and leaching of tributyltin from ship hulls. Four of
the ten busiest ports in the U.S. are located on the Gulf Coast. Adding to vessel traffic from
commercial shipping is the largest commercia fishing industry in the U.S. and a large
recreational boating industry.

Hydrodynamics modification, including channelization, wetland dredge and fill
modifications, and natural subsidence, can also alter the Gulf’s coastal water quality. These
activities can result in sediment deficit and saltwater intrusion, particularly in the Louisiana
coastal areas. Saltwater intrusion is defined as the inland movement of offshore saline waters
into more brackish and fresh waters. About 9 to 10 million m® (310 to 353 million ft%) of
material are estimated to be dredged every year to support oil and gas projects in Louisiana.
Most material dredged from the extensive navigation channel network is dumped at the 27
dredged-material disposal sites located along the Gulf coastline. In total, an average of 25
million m® (883 million ft%) of sediments is disposed of at these sites annually. Dredged material
disposal results in temporarily increased turbidity and resuspension and may release sediment
contaminants into coastal waters. Point sources have been regulated, reducing contamination of
coastal waters. Non-point sources, which are difficult to regulate, currently have the greatest
impact on the GOM coastal water quality. Non-point pollutant sources include agriculture,
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forestry, urban runoff, marinas, recreational boating, and atmospheric deposition. Waterways
draining into the GOM transport wastes from 75 percent of U.S. farms and ranches, 80 percent of
U.S. cropland, hundreds of cities, and thousands of industries located upstream of the GOM
coastal zone. Urban and agricultural runoff contributes large quantities of pesticides, nutrients,
and fecal coliform bacteria.

More than 4.5 thousand metric tons (10 million pounds) of pesticides were applied within
the GOM coastal area in 1987, making it the top user of pesticides in the country (USDOC,
NOAA, 1992a). The GOM ranked highest in the use of herbicides (3 thousand tons [6.6. million
pounds]) and fungicides, and a close second in the use of insecticides. The
Atchafalaya/Vermilion Bays, the Lower Laguna Madre, and Matagorda Bay ranked in the top
ten estuarine drainage areas in the U.S. for carrying pesticides to coastal waters. Although
ranking high based on inputs, when pesticide risk to estuarine organisms is estimated (USDOC,
NOAA, 1992a), only Tampa Bay and the Lower Laguna Madre drainage basins were in the top
ten.

An excess of nutrients, found primarily in river runoff, is one of the greatest concerns
regarding GOM coastal waters. Excessive nutrient enrichment can lead to noxious algal blooms,
decreased seagrasses, fish kills, and oxygen-depletion events. Nitrogen and phosphorus loadings
in the Mississippi River and GOM coastal waters have risen dramatically over the last three
decades (Rabalais, 1992). The Nutrient Enrichment Subcommittee of the GOM Program
estimated that more than 172 metric tons (379,000 pounds) of phosphorus and more than 848
metric tons (1.87 million pounds) of nutrient nitrogen are discharged into the GOM on an
average day, with 90 percent of both elements coming from the Mississippi River system
(Lovejoy, 1992). Excessive nutrient enrichment has been a particular problem for the Lower and
Upper Laguna Madre in Texas,; Lake Pontchartrain, the Mississippi River mouth, and Barataria
Bay in Louisiana; Mississippi Sound, Pascagoula Bay, and Biloxi Bay in Mississippi; and
Perdido, Pensacola, Choctawhatchee, and St. Andrews Bays in Florida (Rabalais, 1992).

A good indicator of coastal and estuarine water quality is the frequency of fish kill events
and closures of commercial oyster harvesting. Of theten most extensive fish kills reported in the
U.S. between 1980 and 1989, five occurred in Texas (three in Galveston County, one in Harris
County, and one in Chambers County; USDOC, NOAA, 1992b). Because oysters are bottom-
dwelling filter feeders, they concentrate pollutants and pathogens. The oyster industry is a good
indicator of impacts from septic tank runoff pollution. About one-half of the harvestable
shellfish beds in Louisiana are closed annually because of E. coli bacteria contamination. Most
of the productive oyster reefs in GOM estuaries are in conditionally approved areas or areas
where shellfish harvesting may be affected by pollution. In the late fall of 1993 and again in
1994, there were multi-state outbreaks of viral gastroenteritis in humans associated with
consumption of oysters contaminated with fecal material (Herrington, 1996). Effluents from a
coastal oil rig operating in Louisiana Bay were most likely responsible in one outbreak.

Since its creation in 1984, the National Oceanic and Atmospheric Administration’s
(NOAA) National Status and Trends (NS&T) Program has monitored the concentrations of
synthetic chlorinated compounds such as DDT, chlordane, polychlorinated biphenyls (PCBS),
tributyltin, polynuclear aromatic hydrocarbons (PAHSs), and trace metals in bottom-feeding
fishes, shellfish, and sediments at coastal and estuarine sites along the U.S. coast, including the
GOM (Texas A&M University, 1988; USDOC, NOAA, 1992c; Daskalakis and O’ Connor, 1994,
O’ Connor and Beliaeff, 1995). Sites were selected to represent general conditions of estuaries
and nearshore waters away from point source inputs. Eighty-nine sites were sampled for
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bivalves and sediments along the Gulf Coast and compared with more than 300 sites located
throughout the U.S. coastal aresas.

Contaminants were measured in mussels and oysters taken from U.S. coastal areas,
including oysters from Gulf coastal waters, from 1986 to 1999 as part of NOAA’SNS& T Mussel
Watch Program. Nationally, the highest chemical contamination consistently occurred near large
urban/industrial areas. Fewer sites along the Gulf were contaminated compared to other U.S.
coastal areas, probably because urban centers along the Gulf are farther inland than urban centers
along other coasts. Of the six U.S. urbanized areas showing highest levels of organic compound
contamination in shellfish, Mobile, Alabama, was the only Gulf Coast site in this group. Of the
21 sites identified as exhibiting both a “high” concentration for one or more of the contaminant
compounds and a temporal trend of increasing concentration for that same compound, eight sites
were located along the Gulf, including three in Florida, two in Louisiana, and one each in
Alabama, Mississippi, and Texas. This implies that the source for the high levels of these
compounds continue to be bioavailable in these areas. Sites located along the Gulf having
oysters containing at least three compounds with “high” concentrations include Tampa Bay, St.
Andrews Bay, and Choctawhatchee Bay, Florida; Mobile Bay, Alabama; Lake Pontchartrain,
Lake Borgne, and Breton Sound, Louisiana; and Galveston Bay, Brazos River, Matagorda, and
Corpus Christi, Texas (O’ Connor and Beliaeff, 1995). The highest concentrations of chlorinated
hydrocarbons in GOM oysters were observed along the Mississippi to northern Florida coasts
and at stations in Galveston Bay and Tampa Bay. Mercury concentration were found to be very
high in Matagorda Bay, Texas, and were attributed to a major discharge of this element from a
chloralkali operation in the area (USDOC, NOAA, 1992c). Choctawhatchee Bay, Florida,
continues to be one of the most contaminated areas in the U.S., having lead levels exceeding
Food and Drug Administration guidelines and high concentrations of four trace metals--
cadmium, copper, mercury, and selenium,; three chlorinated pesticides--total DDT, total dieldrin,
and total chlordane; PAHSs; and butyltin compounds.

Sediment data were also collected and examined (O’ Connor, 1990). Higher levels of
sediment contamination were associated with highly populated/industrialized areas, and, in
general, sites in the GOM had lower concentrations of toxic contaminants than the rest of the
country. The likely reason for this finding was that sampling sites in the GOM coastal area were
further removed from urban areas, which typically have large numbers of point-source
discharges. The distribution of organochlorine loadings in sediments followed those observed in
oysters. Contaminant concentrations that ranked in the top 20 highest for the entire U.S. were
Florida (17), Mississippi (1), and Texas (1) (USDOC, NOAA, 1992c). Florida was one of four
states that had contaminant concentrations in the top 20 nationally for all selected compounds.
Mississippi’s site ranked in the top 20 only for PAHSs, and the Texas site ranked in the top 20
only for total DDT. Sediments with chemical concentrations exceeding high levels were
identified in Tampa Bay, Panama City, St. Andrew Bay, and Choctawhatchee Bay, Florida;
Biloxi Bay, Mississippi; and Galveston Bay, Texas.

The NOAA NS&T distribution of PAHSs, which are toxic components of petroleum,
indicates that in spite of more extensive oil production in the GOM, concentrations are within the
range of those found in East and West coast samples (Jackson et al., 1994). The distribution of
PAHs indicates chronic contamination from combustion sources in coastal estuaries with
additional insults from occasional small-scale petroleum spills.
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3.1.5.2 Marine Waters (Offshore)

The chemical oceanography of the GOM is influenced by the Gulf’s configuration, water
circulation, and the large volumes of land runoff it receives. The GOM is a semi-enclosed water
body: oceanic input is through the Yucatan Channel and the principal outflow is through the
Straits of Florida. Freshwater from approximately two-thirds of the U.S. and more than half of
Mexico comes into the GOM via the Mississippi River and other major rivers. This large
amount of runoff, with its nonoceanic composition, mixes into the nearshore surface water of the
GOM, making the chemistry of parts of this system quite different from that of the offshore
areas. Sea-surface salinities along the northern GOM vary seasonally. During months of low
freshwater input, salinities near the coastline range between 29 and 32 ppt. High freshwater
input during the spring and summer months result in strong horizontal salinity gradients, with
salinities of less than 20 ppt on the inner shelf. The mixed layer in the open Gulf, extending to a
depth of approximately 100 to 150 m, is characterized by salinities ranging from 36.0 to 36.5 ppt
(Barnard and Froelich, 1981). Dissolved oxygen values in the mixed layer average about 4.6
milliliterg/liter (mL/L), with certain seasonal variations, particularly a slight lowering during the
summer months, decreasing with depth to about 3.5 mL/L (Barnard and Froelich, 1981).
Vertical profiles of temperature, salinity, oxygen, and phosphate identify five maor water
masses down to 1,000 m (3,281 ft). The principal nutrients—phosphate, nitrate, and silicate—
generally are depleted in the surface mixed layer. Phosphates range from 0. 25 part per million
(ppm), averaging 0.21 ppm; silicates predominantly range from 0.048 to 1.9 ppm; and nitrates
range from 0.0031 to 0.14 ppm, averaging 0.014 ppm.

There are several water masses in the central/western GOM. These water masses can be
identified by their different chemical signatures based on salinity, dissolved oxygen, nitrate,
phosphate, and silicate concentrations. These water masses are related to potential density
surfaces (Morrison et al., 1983). Depth variation of potential density surfaces and related water
mass characteristics are closely related to the current regime. 1n the western/central GOM, there
are no important variations in the water mass property/potential density relationship at depths
greater than 250 m (Morrison et al., 1983).

The water masses are identified as GOM water (0 to 250 m; 0 to 820 ft), tropical Atlantic
central water (250 to 400 m; 820 to 1,312 ft), Antarctic intermediate (phosphate maximum)
water (500 to 700 m; 1,641 to 2,297 ft), Antarctic intermediate (salinity maximum) water (600 to
860 m; 1,969 to 2,822 ft), mixed upper North Atlantic deep and Caribbean mid water (1,000 to
1,100 m; 3,281 to 3,609 ft).

The depth distribution of nutrients and dissolved oxygen (DO) in the deep GOM are
similar to those of the Atlantic deep ocean. The DO has a surface maximum due to exchange
with the atmosphere and production from photosynthesis. The DO concentration decreases with
depth as decomposition of organic matter (respiration) depletes the oxygen. The DO
concentration increases again at water depths where water masses from colder climates with low
productivity and therefore have higher DO concentrations.

The nutrient profiles are the opposite of the DO profile. Their concentration in surface
water is very low because they are being used up to produce plant matter. In deeper waters,
nutrient concentrations increase as organisms die and decay. Nutrient concentrations are highest
in deeper water. The GOM deep water is similar to ocean waters, and the maor chemical
constituents are not affected, to any measurable extent, by anthropogenic inputs.
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Two unusual water types are present in the GOM: hypersaline basins and midshelf
freshwater vents. Two basins containing hypersaline waters have been identified. Salinities are
as high as 196 ppt at a small pool on the East Flower Garden topographic high and 250 ppt in the
OrcaBasin (Addy and Behrens, 1980; Barnard and Froelich, 1981). The southwest Florida shelf
contains a number of submarine freshwater springs found in association with extensive karst
topography.

A common phenomenon in the Gulf, especialy on the shelf, is the local presence of
greatly elevated levels of suspended material (i.e., greater than one ppm). Termed the nepheloid
layer, this near-bottom turbid water is separated from the overlying water by a sharp
discontinuity in suspended particulate matter. These nepheloid layers may be associated with
resuspension of sediments by bottom currents, internal waves, intense at-depth biological
activity, or a complex combination of these factors. These features appear to occur naturally at
nearly al locations on the shelf and upper slope environment, except within the upper portions of
substantial topographic highs (Brooks et al., 1981). The nepheloid layer may be part of a
process of transport of materials, including contaminants, from nearshore to offshore.

The Mississippi River outflow has a considerable effect on the chemistry and water
quality of the GOM. During the summer of 1993, extreme flooding resulted in unusually high
freshwater outflows from the Mississippi and Atchafalaya Rivers. Not only were lower salinities
and increased nutrient |oadings measured on a considerable portion of the GOM, there were also
increased loadings of agricultural chemicals and sediments (Dowgiallo, 1994). The effects of
freshwater inflow into the GOM were detected not only in the northern Gulf but aso in the
FloridaKeys and along the U.S. East Coast.

A recently completed study funded by MMS provides further indications of the
significance of the Mississippi River plume (Murray and Donley, 1996). Data collected during
research trips in 1993 and 1994 show that the temperature and salinity characteristics of the
plume are measurable over a broad area reaching just east of Galveston Bay. East of Galveston
Bay, the distributions of these parameters are typical of regions receiving large amounts of
freshwater, while westward distributions are typical of areas that receive low amounts of
freshwater.

Degradation of the GOM marine waters is associated with coastal runoff discharges,
riverine inputs, and, to a smaller extent, effluent discharges from offshore activities, primarily
OCS oil and gas development and marine transportation. Not only do the river systems,
particularly the Mississippi River, bring freshwater to the GOM, they carry large volumes of
contaminants from the extensive agricultural activities, hundreds of cities, and thousands of
industries. The most apparent offshore water quality problems are floating debris, hypoxic
(oxygen-depleted) conditions, and toxic and pathogen contamination.

In 1993, approximately 300 million barrels (MMbbl) of crude oil and 4.6 tcf of gas were
produced on the OCS and shipped to shore by pipeline. Although such activity seems extensive,
the maritime industry’s use of GOM waters is even greater. Approximately 1.5 billion barrels
(Bbbl) of crude oil was imported through GOM waters by tanker in 1993, about five times the
volume piped from domestic production. In addition, about 236 MMbbl of petroleum products
was imported in GOM waters and 175 MMbbl was exported. Although petroleum, both crude
oil and petroleum products, is the most common commodity shipped through Gulf waters, vessel
traffic associated with other commodities is extensive; the GOM has four of the top ten busiest
portsin the U.S. All of these offshore activities discharge some form of treated wastewater into
the GOM and have resulted in accidental spills of both oil and other chemicals.
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Oxygen-depleted, or hypoxic waters, have been identified in alarge area of the northern
GOM near the mouth of the Mississippi River. Often called the “dead zone,” the areal extent of
the oxygen-depleted waters has reached up to 16,500 km? (6,371 mi®) of bottom waters on the
inner continental shelf from the Mississippi River delta to the Texas coast, as far south as
Freeport (Murray and Donley, 1996). Although the Mississippi/Alabama inner shelf has the
potential for bottom-water hypoxia, and low oxygen concentrations have been documented, such
events are not considered frequent or widespread (Rabalais, 1992). Although primarily a
summer phenomenon, the zone off the Mississippi River has been identified as early as February
and as late as October and may affect more than the bottom waters. Researchers have expressed
concern that this zone may be increasing in frequency and intensity. Although the causes of this
hypoxic zone have yet to be conclusively determined, high summer temperatures combined with
freshwater runoff carrying large amounts of excess nutrients from the Mississippi River have
been implicated.

Hypoxic conditions in the GOM vary spatially and seasonally depending on the flow of
the Mississippi River discharge and are affected by physical features such as water circulation
patterns, saltwater and freshwater stratification, wind mixing, tropical storms, and thermal fronts
(Meier, 1996). Efforts are underway, facilitated by the GOM Program, to reduce the runoff and
discharge of nutrients coming from the upper and lower Mississippi River watersheds and the
Ohio River watershed (Meier, 1996). Impacts on phytoplankton and benthic ecosystems are
being documented. Benthic fauna studied within the area exhibited a reduction in species
richness, abundance, and biomass that was much more severe than has been documented in other
hypoxia-affected areas (Rabalais et al., 1996).

Red tides, which are blooms of single-cell agae that produce potent toxins harmful to
marine organisms and humans, are a natural phenomenon in the GOM, occurring primarily off
southwestern Florida and Mexico. These can result in severe economic and public health
problems and are associated with fish kills and invertebrate mortalities. The first documented
case of ared tide in the GOM occurred in 1972. In 1996, there was a particularly widespread
outbreak. Starting in May and spreading northwest from southwestern Florida, red tides were
reported in the waters of Alabama, Mississippi, Louisiana, and Texas. Beaches and oyster beds
were closed. There are ongoing studies to determine whether human activity that increases
nutrient loadings to GOM waters contributes to the frequency and intensity of red tides.

Information on elevated levels of organic compounds of environmental concern that have
been measured in northern GOM offshore waters was summarized by Kennicutt et al. (1988).
Volatile organic compounds (VOCs) were generally more abundant in coastal and nearshore
waters near point sources, and generally decreased with distance from shore. Chlorinated VOCs
were generally restricted to nearshore waters, whereas petroleum-related VOCs were detected at
offshore locations. Major sources of high-molecular-weight hydrocarbons (HMWHC) include
biological production, natural seepage, offshore petroleum production, shipping activities,
coastal and riverine run-off, and atmospheric exchange and fallout. The highest levels of
HMWHC were measured near point sources in coastal environments and near natural seeps.
Large areas of the Gulf off Florida and southern Texas appear to be relatively pristine, whereas
areas off northern Texas, Louisiana, and Alabama show detectable levels of petroleum
hydrocarbons, likely from natural seepage. Organochlorine residues appear to exist in many
marine species. Higher concentrations of pollutants were generally found in organisms from the
Mississippi Deltathan in offshore biota (Kennicuitt et al., 1988).
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There has been relatively little evaluation of anthropogenic inputs to the GOM slope area
(depths >200 m [656 ft]). This is due to the distance of the slope area from potentia input
sources and the fact that processes that would transport contaminants that far would likely spread
the contamination over a large area (dilution). Exceptions are atmospheric transport and
deposition of contaminants, oil production operations, and shipping operations. Oil production
and shipping activities normally would affect only arelatively small proportion of the slope area
with the exception of catastrophic accidents such as platform “blow outs’” or shipping spills of
hazardous materials such as ail.

Trace elements are natural components of marine waters and sediments, and many metals
are required for healthy growth of organisms. Human activities, however, can increase the
concentration and species of metals in the environment, and exposure to elevated concentrations
of metals can be toxic to organisms.

Limited data are available regarding trace element concentrations in the deepwater GOM.
Most data produced before the 1980s were biased high by afactor of ten to 1,000. Many metals
have been shown to behave in a manner similar to nutrients (Bruland, 1983). Reliable average
concentrations of cadmium (0.0005 ppb), copper (0.082 ppb), and nickel (0.11 ppb) for
deepwater GOM surface waters have been reported (Boyle et al., 1984). Nearshore average
concentrations for a limited number of samples in the Mississippi River plume for cadmium
(0.02 ppb), copper (0.5 ppb), and nickel (0.5 ppm) were higher than offshore concentrations, as
expected (Boyleet al., 1984). Metal concentrations increased with depth in deep water, likely as
a result of organic matter degradation similar to nutrient release (Boyle et al., 1984). While
limited, the deepwater GOM trace element data suggest minimal anthropogenic inputs when
compared to nearshore waters.

Marine sediments are considered to be the ultimate sink for trace metals added to the
ocean. This is certainly true once sediments are buried a meter or more below the surface.
Before burial to this depth, organism uptake and porewater metal diffusion may lead to metal
removal from the sediments, and anthropogenic trace elements may still have adverse toxic
effects on benthic and bottom-dwelling organisms. Most studies of offshore GOM sediments
report metal concentrations that are not elevated compared to contaminated sites. Exceptions to
this general conclusion are in areas where high concentrations of drill cuttings and drill muds are
found. In these areas, barium, a maor component of drilling mud cuttings, can be elevated.
Other trace metals that reported to be elevated in these areas include chromium, nickel, and
vanadium. Chromium is associated with the drilling muds/cuttings, while the nickel and
vanadium are associated with the produced oils. The concentrations of all these metals, with the
exception of barium, return to natural background levels normally within ~1 to 3 km (~0.6 to 1.9
mi) of the production platform (Neff, 1985). Studies by Boothe and Presley (1985; 1987)
indicate this may not be the case for barium. The mass balance for barium indicated that only
one percent of the barium for nearshore operations and 12 percent of the barium for offshore
operations was present in the vicinity of the drill site. The remainder is likely spread over large
areas of the GOM. Current studies do not provide enough information to determine the extent of
the area where high barium concentrations exist. However, based on benthic ecology studies
near drilling platforms, it is unlikely the anthropogenic barium in these sedimentsis producing a
measurable ecological effect.

Hydrocarbons in the marine environment can be classified as coming from terrestrial
organisms, marine organisms, and/or petroleum. Hydrocarbons are only dlightly soluble in
seawater, and seawater-dissolved hydrocarbon concentrations are rarely measured. Due to their
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low solubility, hydrocarbons tend to associate with particles in the water and are found in
sediment deposits. The major inputs of petroleum to the offshore GOM include natural seepage,
offshore petroleum production and drilling operations, transportation activities, atmospheric
deposition, and sediment transport from coastal areas.

Hydrocarbons in sediments from the GOM continental slope are a mixture of terrigenous,
petroleum, and planktonic hydrocarbons (Kennicutt et al., 1987). Hydrocarbon concentrations
ranged from 5 to 86 ng/g. The relative importance of these inputs varies as afunction of location
and water depth. The hydrocarbon concentrations are generally lower than those reported on the
shelf and much lower than in many coastal areas of the GOM. The influence of land-derived
biogenic hydrocarbons decreases from the central to the western slope, and is even lower in the
eastern slope. Petroleum inputs were measurable at all sites sampled. Natural seepage is
considered to be a major source of these petroleum hydrocarbons. Hydrocarbon concentrations
vary by one to two orders of magnitude above a given isobath due to sediment texture and
hydrocarbon inputs. Variability along isobaths is as great or greater than those seen for a depth
range of 300 to 3,000 m (984 to 9,843 ft) along a single transect. Aromatic hydrocarbon
concentrations are less than 5 ppb, but their presence is inferred from spectrophotometric
analyses, confirming the presence of petroleum-related hydrocarbons at all sites. Aromatic
hydrocarbons at these low concentrations are not thought to adversely affect biota (Long and
Morgan, 1990).

3.2 Biological Resources

3.2.1 Coastal Environments

Coastal environments include coastal barrier beaches and associated dunes and wetlands.
The following discussion focuses on coastal environments located inshore of the area of interest
for future FPSO operations (i.e., Central and Western GOM Planning Areas). However, because
of concerns about possible FPSO-related oil spills and the transport of oil throughout the Gulf,
limited discussion of coastal features inshore of the Eastern GOM Planning Area has also been
provided.

3.2.1.1 Coastal Barrier Beaches and Associated Dunes

Inshore of the Central and Western GOM OCS Planning Areas

Coastal barrier landforms inshore of the Central and Western Gulf Planning Areas consist
of the islands, spits, and beaches that extend in an irregular arch from Baldwin County, Alabama,
westward to the U.S./Mexico border in Cameron County, Texas. These elongated, narrow
landforms are composed of sand and other unconsolidated course sediments that have been
transported to their present location by rivers, waves, currents, storm surges, and winds. Coastal
landforms are transitory in nature and are constantly being sculpted and modified by the same
forcesthat led to their original deposition.

Sea level rise since the end of the last glacial period approximately 10,000 years ago has
greatly affected the coastal landforms seen in the Gulf today. Present barrier landforms are
relatively young, having been formed between 5,000 and 6,000 years ago when the main
continental ice sheets melted and sea level rise began to stabilize.
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The accumulation and movement of the sediments making up barrier islands, sand spits,
and beaches are often described in terms of “transgressive’” or “regressive’ sequences. A
transgressive sequence is one in which the shoreline is moving landward and marine deposits rest
on top of terrestrial deposits. A regressive sequence is one in which terrestrial sediments are
being deposited on top of marine sediments and the shoreline is being extended out into the sea.
Transgressive barrier islands are usually undergoing active erosion. They characteristically have
a predominately low-profile morphology characterized by narrow widths, low, sparsely
vegetated, discontinuous dunes and numerous active washover channels. Regressive landforms
are undergoing accretion or active sediment deposition and characteristically have high-profile
morphologies, broad widths, and high, continuous, well-vegetated dunes. Regressive landforms
have few, if any, washover channels.

Barrier landforms (i.e., barrier islands, magjor bars, sand spits) in the central and western
GOM can be divided into four major classifications based on location, including: 1) the
Mississippi Sound Landform Complex; 2) the Mississippi Deltaic Landform Complex; 3) the
Chenier Plain Landform Complex; and 4) the Texas Barrier ISand Landform Complex. Table
3-7 identifies the islands, bars, and beaches seen in each of these complexes and gives their
current status as transgressive, regressive, or subsiding sediment deposits.

Inshore of the Central GOM Planning Area, barrier islands and landforms occur in three
settings. From east to west these settings are: 1) the Mississippi Sound barrier islands; 2) the
Mississippi River deltaic barrier islands; and 3) the beaches of Chenier Plain, Louisiana.

The Mississippi Sound barrier islands have formed over the last three to four thousand
years as a result of westward sand migration resulting in shoal and sand bar growth (Otvos,
1980). Geologically these features are quite young. The islands are separated from each other
by fairly wide, deep channels. Ebb and flood tide deltas and shoals are associated with these
channels and contribute to the sediment budget and sand transfer processes characteristic of this
system. All islands within this setting are generally regressive or stable features with high beach
ridges and prominent sand dunes. They are well vegetated, showing a southern maritime forest
climax community of pine and palmetto. Although some of these islands may experience
washover during magjor storms, washover channels are not common. Most of these islands show
no trend toward erosion or thinning, although they do migrate westward in response to the
westward moving longshore current. Dauphin Island is an exception to this generality in that the
island is a long, narrow, transgressive sand deposit which is frequently overwashed by storms.
The eastern end of theisland is apparently migrating toward the mainland.

Barrier islands found along the Mississippi River Deltaic Plain were built and have been
sustained by the series of overlapping river deltas that have extended onto the continental shelf
over the last 6,000 years. Barrier island transgression or regression along the deltaic plain of the
Mississippi River depends upon what stage of the cycle the nearby land massis experiencing. If
the nearby delta is in the expanding stage, the deposits being pushed out onto the shelf are
regressive. Once the river channel changes, subsidence and sea-level rise begin to convert these
sediments in transgressive deposits as waves and washover channels form and divide barrier
islands.

The coast of Chenier Plain is composed of sand beaches and coastal mudflats. The
extensive mudflats seen in this area are the result of fine particle deposition from both the
Mississippi and the Atchafalaya Rivers, where mud and fine particles are carried westward by
the prevailing coastal current. In some cases, this fluid-saturated mud extends several hundred
meters seaward from the edge of the salt marsh communities found along the shore, absorbing
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Table 3-7

Type and Status of Coastal Landforms Seen in the Central and Western Gulf of Mexico

State

Feature

Status

Mississippi Sound Barrier Islands and Landforms Complex

Alabama
Alabama
Mississippi
Mississippi
Mississippi
Mississippi

Mississippi

Fort Morgan / Mobile Bay

Sand Spit
Dauphin Island

Petit Bois Idand
Horn Idand
Gulf Idand
Ship Idand

Cat Idand

Mississippi Deltaic Landforms Complex

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

Louisiana

North Idand
Chandeleur Islands
The Mississippi River
“Bird's Foot” Delta
Grand Terre Idand
Grand Idand
Timbalier Idand

Ides Dernieres

Marsh Idand

Chenier Plain Landform Complex

Louisiana

Texas

Beaches and coastal mud
flats west of Marsh Idand

Beaches from the Louisi-
ana border to Rollover
Pass north of Galveston
Bay

Texas Barrier Islands Landforms Complex

Texas

Texas

Texas

Texas

Texas
Texas

Galveston Island and the
Bolivar Peninsula
Matagorda Peninsula

Matagorda Iand
San Jose Idand

Mustang Island
Padre Island

Regressive feature with sand deposition coming from the east.

Stable regressive core at the eastern end, with a transgressive bar-like land-
form forming its western extension. This transgressive area is migrating
towards the mainland.

Regressive, stable barrier island feature.

Regressive, stable barrier island feature.

Regressive, stable barrier island feature.

Primarily aregressive deposit, but there is a large, transgressive washover
area in the center of this barrier isand.

Regressive, stable barrier island feature.

Transgressive deposit from the old Mississippi River delta currently being
eroded away.

Chain of low-relief isands marking the easternmost extension of a previ-
ous Mississippi River delta. Currently, these sand deposits are transgres-
sive and are being eroded away.

Current delta of the Mississippi River. Regressive deposits laid down in
the very recent past. Experts agree that this delta has reached its maximum
expansion and would already have begun to erode away if the course of the
Mississippi River had not been stabilized.

Transgressive deposit from an old Mississippi River delta currently under-
going erosion and subsidence.

Transgressive deposit from an old Mississippi River delta currently under-
going erosion and subsidence.

Transgressive deposit from an old Mississippi River delta currently under-
going erosion and subsidence.

Transgressive deposit from an old Mississippi River delta currently under-
going erosion and subsidence.

Transgressive deposit from an old Mississippi River delta currently under-
going erosion and subsidence.

Regressive mud and sand deposits from the Mississippi and Atchafalaya
Rivers. There are areas along this coastline undergoing erosion but overall
these deposits are regressive and relatively stable.

While this areais a physiographic continuation of the Chenier Plain, the
sedimentsin this area are transgressive, migrating landward over tidal
marshes.

Transgressive sediment deposits that are currently experiencing net ero-
sion.

Transgressional sediment deposits with a predominately erosional shore-
line.

Transgressional barrier isand that has been breached frequently by hurri-
canes and lesser storms. Washover sediments now overlie the inactive
deltaic tidal sediments.

Transgressiona barrier idand.

Transgressiona barrier idand.

Transgressiona barrier idand.
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Section 3.2.1

wave energy and helping to protect these coastal wetland communities. Beaches in the Chenier
Plain area are thin sand deposits present along the seaward edge of the marsh. The coastline of
the Chenier Plainisrelatively stable at thistime.

Coastal barrier landforms inshore of the Western GOM Planning Area extend from the
Texas-Louisiana border to Bolivar Peninsula, just north of Galveston Bay. The Texas coastline
represents a continuation of the Chenier Plain; however, the beaches and shoreline sediments
present in this region are in a state of transgression. Thin accumulations of sand, shell, and
caliche nodules form beaches that are migrating landward over tidal marshes. These beaches
have poorly developed dunes and numerous washover channels.

From Galveston Bay southward to the Mexican border, the coast of Texas is a barrier
island coast. Barrier islands and sand spits present in this region along the Texas coast were
formed from sediments supplied by three major deltaic headlands: 1) Trinity River delta, in the
Galveston Bay area; 2) the Brazos-Colorado-San Bernard Rivers delta complex, in Matagorda
County; and 3) the Rio Grand delta complex, in Cameron County.

Barrier idands in this region are arranged symmetrically around old, eroding delta
headlands. Such islands tend to be narrow and sparsely vegetated, exhibiting a low profile with
numerous washover channels.

Barrier islands and sand spits protect the bays, lagoons, estuaries, salt marshes, and
seagrass beds located behind them from the direct impacts of the open ocean. By separating the
coastal waters from the open ocean, these landforms contribute to and increase the amount of
available estuarine habitat. They also provide protection for the coastal wetlands, which provide
habitat to a large number of bird and other animal species, including several species that are
endangered or threatened (e.g., see Section 3.2.5.2).

Inshore of the Eastern GOM OCS Planning Area

Though the use of FPSOs is projected for deepwater regions of the central and western
Gulf, support operations (i.e., shuttle tankers carrying FPSO-produced oil, crew and supply
vessels) will traverse coastal waters adjacent to Gulf ports. Thus, there is a need to characterize
coastal environments of the Central and Western Planning Areas. In addition, the potential for
accidents and oil spills from FPSO operations may have ramifications for nearshore coastal
waters throughout the GOM. The following description of the coastal environment of the eastern
GOM has been devel oped with these considerations in mind.

The barrier islands and mainland beaches of the Florida panhandle typically are stable,
with broad, high-profile beaches backed by high dunes. These beaches are some of the most
beautiful seen along the GOM and represent a major economic asset to the State of Florida and
the region in general. Throughout the Big Bend area east of Cape San Blas, the coast curves
inward, away from the Gulf proper. The coastline in this area is one of the lowest energy
coastlines in the world (Continental Shelf Associates, Inc., and Martel Laboratories, Inc., 1986).
Typical barrier islands and beaches are not seen along this coast, and forested wetlands occur
down to the water’'s edge. Typica barrier features appear again in Anclote Key in Pasco and
Pinellas Counties, Florida, and continue southward through Cape Romano, just north of
Everglades National Park and Florida Bay. The Florida Keys to the south of Florida Bay are a
unique coastal feature not seen elsewhere along the U.S. GOM coast. They form a line of
cemented limestone islands, which provide unique habitats for a variety of flora and fauna
(USDOI, MMS, 1996b).
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Section 3.2.1

3.2.1.2 Wetlands
Inshore of the Central and Western GOM OCS Planning Areas

Wetland habitats inshore of the Central and Western Planning Areas consist of seagrass
beds, mangroves; fresh, brackish, and salt marshes; mudflats; forested wetlands of hardwoods,
and cypress-tupelogum swamps. Wetland habitats may occupy only narrow bands along the
shore, or they may cover vast expanses of the coastline. Seagrass beds, if present, are seen
offshore in shallow water, while mangroves and marshes interface between marine and terrestrial
habitats, and forested wetlands are found inshore, away from direct contact with the water.

High organic productivity, high detritus production, and extensive nutrient recycling
characterize coastal wetlands. The wetlands environment provides habitat for a vast number of
invertebrate, fish, reptile, bird, and mammal species. Two-thirds of the high-value fishes caught
in the GOM spend at least some portion of their life cycle in the nearshore seagrass beds or salt
marshes (USDOI, MMS, 1990a).

Table 3-8 identifies the bays, estuaries, lagoons, sounds, and coastal wetlands present
inshore of the Central and Western Planning Areas. Under the “Category” classification in table
3-8, bays are defined as semi-enclosed embayments of primarily open seawater with little
freshwater input. Estuaries are defined as embayments with substantial freshwater input from
rivers and streams and consequently lower and more variable salinities. Estuaries represent
mixing zones where continental freshwater runoff mixes with higher salinity ocean water.
Lagoons are long narrow bodies of water that occur where nearshore water is prevented from
entering the open sea by nearshore barrier islands. Salinities are typically higher in lagoons than
in estuaries or bays, and in some cases, such as Laguna Madre, may exceed open-ocean salinity.
Sounds are large embayments of essentially open-ocean water that have been cut off from the
open sea by barrier islands located quite far from shore. Because of variable influx of fresh
water, salinities in sounds rarely exceed open ocean waters.

Coastal wetlands, asindicated in table 3-8, refer to those areas where the salt marsh or
wetland community fronts directly on the open seawith very little protection from barrier islands
and very little beach. All of these enclosed, semi-enclosed, and open coastal wetlands provide
unique habitats that are of critical importance to both the adjacent terrestrial and continental shelf
ecosystems.

Inshore of the Central GOM Planning Area, mainland marshes behind Mississippi Sound
occur as discontinuous wetlands associated with estuarine environments. In Alabama, most of
the wetlands are located in Mobile Bay and along the northern side of Mississippi Sound. The
most extensive coastal wetland areas in Mississippi are seen in the eastern part of the state, near
the mouth of the Pearl River and in Pascagoula Bay. The marshesin Mississippi are more stable
than those of either Alabama to the east or Louisiana to the west, reflecting a more stable
substrate and continued active sedimentation in the marsh areas. Major causes of marsh lossin
Alabama have included industrial development, navigational dredging, natural succession, and
erosion-subsidence (Roach et al., 1987).

A magority of the coastal wetlands present around the GOM are found in Louisiana,
where they occur in two physiographic provinces. 1) the Mississippi River Deltaic Plain; and 2)
the Chenier Plain. Existing wetlands in the Mississippi Deltaic Plain have formed over the last
6,000 years atop of a series of overlapping riverine deltas. These wetlands developed in shallow
areas that received flow and sediments from the Mississippi River. The effects of sealevel rise
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Table 3-8

Bays, Estuaries, Lagoons, Sounds, and Coastal Wetlands of the Central and Western Gulf of

Mexico
State Feature Category
Alabama Mobile Bay Estuary
Alabamaand Mississippi Mississippi Sound Sound
Mississippi Pascagoula Bay Bay
Mississippi Biloxi Bay Estuary
Mississippi St. Louis Bay Estuary
Louisiana Lake Borgne Sound
Louisiana Chandeleur Sound Sound
Louisiana Breton Sound Sound
Louisiana Barataria Bay Coastal Wetland
Louisiana Timbalier Bay Coastal Wetland
Louisiana Terrebonne Bay Coastal Wetland
Louisiana Caillou Bay Coastal Wetland
Louisiana Atchafalaya Bay Coastal Wetland
Louisiana Blanche Bay Coastal Wetland
Louisiana Vermillion Bay Coastal Wetland
Texas Galveston Bay Estuary
Texas West Bay Lagoon
Texas Matagorda Bay Lagoon
Texas Espiritu Santo Bay Lagoon
Texas San Antonio Bay Estuary
Texas Copano Bay Estuary
Texas Aransas Bay Lagoon
Texas Corpus Christi Bay Estuary
Texas Baffin Bay Estuary
Texas Upper LagunaMadre Lagoon
Texas Lower LagunaMadre Lagoon

Note: Categorization of the features noted above is founded on the following definitions. Estu-
aries, bays, sounds, and lagoons are designated primarily on the amount of fresh water present.
Estuaries are defined by riverineinput. These habitats are subject to rapid salinity fluctuations.
Bays are generally open to coastal shelf water but do not have the fresh water input of estuaries.
Thelir salinity range is more constant. Sounds are large bodies of water separated from the open
ocean by achain of barrier islands. Inthisregard, they are similar to lagoons; however, sounds
are larger and deeper and generally have more and larger openings to coastal shelf waters. Their
salinity remains fairly constant. Lagoons as seen in the Gulf of Mexico are long, narrow, shal-
low bodies of water. They have few inlets connecting them to open coastal waters, and they can
become hypersaline during periods of high evaporation. Lagoons are characterized by having
very little fresh water input.
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and high, natural subsidence of these organically rich sediments are continually impacting these
wetlands (van Beek and Meyer-Arendt, 1982). Wetland areas located near the active channel of
the Mississippi tend to expand, whereas those formed by older, abandoned channels tend to
erode and subside. Louisiana has the most rapidly retreating shoreline in the nation, with some
estimates reaching as high as an average of 396 m (13 ft) per year (U. S. Geological Survey,
1988). The most rapid rate of shoreline retreat is seen along the Mississippi River Deltaic Plain
(Williamset al., 1992).

The Chenier Plain, located to the west of Atchafalaya Bay, is a series of sand and shell
ridges formed as sand dunes during the last ice age. These ridges are now separated by
progradational mud flats, marshes, and open water. Localized sedimentation conditions have
favored deposition in the Chenier Plain area.

In the 1980s, Louisiana, Alabama, and Mississippi contained 35,536, 10,725, and 17.7
km? (8,784,000, 2,651,000, and 4,365 acres) of wetlands, respectively. During the following ten
years, Louisiana lost 1,990 km? (491,904 acres), while Alabama and Mississippi lost 165.8 and
0.8 km? (40,976 and 200 acres) of wetlands, respectively (Hefner et al., 1994).

Deterioration of wetlands, particularly along the Louisiana coastline, is an issue of
concern (USDOI, MMS, 1997b). Severa factors have contributed to the loss of wetlands in
coastal Louisiana. Levee construction and efforts to conserve topsoil have reduced the
Mississippi River's sediment load by 50 percent since the 1950s. Construction of ring levees has
allowed drainage and development of vast wetland acreage. Development activities in low areas
outside levees have caused wetlands to be filled in. Canals built for navigation and shoreline
access have raised spoil banks where wetlands once existed. Canals have allowed greater
impacts of tidal flushing in the fresh and brackish water marshes, resulting in wetland loss, shifts
in species composition, and habitat deterioration (Turner and Cahoon, 1988; Britsch and Kemp,
1990).

Inshore of the Western GOM Planning Area, the portion of the Texas coast from the
Louisiana border to the Bolivar Peninsula (just north of Galveston Bay) is physiographically part
of the Chenier Plain. Estuarine marshes along the rest of the Texas coast occur in discontinuous
bands around the bays and lagoons and on the inner sides of the barrier islands. Salt marshes,
composed primarily of smooth cordgrass, are evident nearest to the mouths of bays and lagoons,
in areas of higher salinities. Brackish water marshes are seen farther inland, and freshwater
marshes occur along the major rivers and tributaries (White et al., 1986).

Seagrasses grow on sand bottoms in sallow, relatively clear water in areas with low wave
energy. There are over 29,990 km? (7,413,000 acres) of seagrass in the GOM, approximately
98.5 percent of which is on the west Florida shelf. Inshore of the Central and Western GOM
Planning Areas, the coastal waters of Mississippi and Alabama contain approximately 200 km?
(74,000 acres) of seagrass growing along the inner edges of the barrier islands of Mississippi
Sound and along the shorelines of prominent bays. To the west, Texas nearshore waters contain
approximately 150 km? (37,000 acres) of seagrass beds, most of which are located in the Laguna
Madre and the Copano-Aransas Bay complex (Shew et al., 1981; USDOI, MMS, 1998a).

Seagrass beds are an extremely productive marine habitat and support a tremendously
complex ecosystem, providing nursery grounds for vast numbers of commercially and
recreationally important fisheries species, including shrimp, black drum, snappers, groupers,
spotted sea trout, southern flounder, and many others.

Seagrass distributions inshore of the Central and Western GOM Planning Areas have
declined over the last several decades due to a number of natura and man-made factors,
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including recent hurricanes, flooding, dredging, trawling, dredge material disposal, water quality
degradation, and levee construction, which has diverted freshwater away from wetlands.

Inshore of the Eastern GOM OCS Planning Area

Approximately 98.5 percent of the seagrass beds in the GOM are located in the eastern
Gulf, off the coast of Florida (USDOI, MMS, 1996b). In addition to this submerged aquatic
vegetation, the Big Bend, Northern Everglades, and Florida Bay all have extensive coastal
wetland communities that front directly on the open waters of the Gulf. Plant communities
dominating these wetlands range from salt marshes and coastal hardwoods in the north to
mangrove forests in the south (Continental Shelf Associates, Inc, and Martel Laboratories, Inc.,
1986; Continental Shelf Associates, Inc. 1990, 1991).

3.2.2 Offshore Environments

3.2.2.1 Water Column

The GOM is a subtropical ocean basin located within the circulation regime that is often
called the Intra-Americas Sea (IAS). The near-surface circulation pattern of the eastern GOM is
dominated by the anticyclonic flow of the Loop Current (LC). East of long. 90° W., upper layer
flow enters through the Yucatan Channel and leaves through the Florida Straits. Since this
current enters from the Caribbean, it acts as a biological conveyor belt to maintain the exchange
of pelagic species between the Caribbean and the GOM. This conveyor does not fertilize
downstream plant plankton, however, since LC surface waters are among the most oligotrophic
in the world ocean. Nitrate, phosphate, and other essential plant nutrients are usualy below the
analytical detection limit (i.e., <0.05 pM/I) in LC inflow water from the surface to depths of
approximately 80 to 90 m. The extinction coefficient, “k”, that describes how rapidly irridiance
decreases with depth (according to the exponential equation I, = |, * €% is usually <0.05in LC
surface water. As a consequence, the LC inflow is amost “swimming pool” clear and therefore
deep bluein color.

In the central and western deepwater GOM as well, the standing stocks and biological
productivity of the plant and animal communities living in the upper part of the water column are
in general those that might be expected in a nutrient-limited ecosystem. In 1970, as part of a
review of primary (planktonic) productivity of the world ocean, Soviet scientists characterized
the deepwater GOM by mean primary productivity of just 100 to 150 mg C/m*/d (Koblenz-
Mishke et al., 1970). A few years later, extensive surveys of phytoplankton chlorophyll and
primary production that span the period 1964 to 1971 were summarized by El-Sayed et al.
(1972) in atlas format as averages within 2° squares of latitude and longitude. These atlas maps
show that surface chlorophyll-a generally ranges from 0.06 to 0.32 mg/m® in areas of deep water
of the central and western GOM, equivalent to just 3 to 21 mg/m? when integrated from the
surface to the base of the photic zone. Low values of primary production (<0.25 mg C/m*/hr)
characterize the majority of the oceanic stations in this atlas, equivalent to <10 mg C/m?hr when
integrated from the surface to the base of the photic zone. With an annual average of 12 hours of
sunlight per day, thisrate is equivalent to <120 mg C/m?/d, in good agreement with the summary
by Koblenz-Mishke et al. (1970). Allowing for primary production to proceed 365 days a year
in the GOM because of its subtropical climate, this rate of primary productivity is <50 g C/m?/yr.
Consequently, the deepwater GOM falls at the low end of the estimated range of 50 to 160 g
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C/mP/yr that is generally accepted for the annual primary production in open-ocean ecosystems
(Smith and Hollibaugh, 1993).

In fact, data collected by survey expeditions to the GOM in the 1960's and 1970's remain
the basis for the general paradigm that standing stocks and annual productivity of plankton are
both quite low seaward of the shelf-slope break. Research carried out since then supports this
description of the mean state, but recent research also indicates that "hot spots' in primary
production occur when/where nutrient availability islocally enhanced (Biggs and Sanchez, 1997,
Lohrenz et al., 1990, 1999; Gonzalez-Rodas, 1999). In addition, even in a subtropical ocean
there are seasona changes. Pigment concentration at the surface in the deepwater GOM
undergoes a well-defined seasonal cycle that is generally synchronous throughout the region.
Muller-Karger et al. (1991) reviewed monthly climatologies of near-surface phytoplankton
pigment concentration from multi-year series of coastal zone color scanner (CZCS) images for
the period 1978 to 1985. They reported that the highest surface concentrations of chlorophyll
occur between December and February, and lowest values occur between May and July.
However, there is only about three-fold variation between the lowest (~0.06 mg/m®) and highest
(0.2 mg/m®) surface pigment concentrations. Model simulations show that the single most
important factor controlling the seasonal cycle in surface pigment concentration is the depth of
the mixed layer (Walsh et al., 1989). Muller-Karger et al. (1991) concluded that, because of this
dependence, annual cycles of algal biomass are usually out of phase relative to the seasonal SST
cycle.

Since essential plant nutrients are limiting, any process that increases the nutrient
concentrations available to the phytoplankton in the deepwater GOM will increase their primary
productivity. It iswell known that freshwater inputs carry high nutrient loads. However, in the
GOM these high nutrient inputs are usually measurable only in proximity to rivers and estuaries
(Lohrenz et al., 1994). The exceptions occur when surface currents set up an off-shelf flow that
carries the river water seaward past the shelf-slope break and into deepwater. Biggs and Muller-
Karger (1994) combined CZCS data with ship data to document that high-chlorophyll "plumes®
do form in the western GOM when a seaward-moving surface flow confluence is created by
deepwater cyclone-anticyclone circulation pairs. Analogous to a pair of anticlockwise-rotating
and clockwise rotating gears, these circulations entrain coastal water from the western and
central GOM and draw this offshore when the cyclone (i.e., anticlockwise circulation) lies
immediately to the north or east of the anticyclone (i.e., clockwise circulation).

Recent fieldwork has shown that these mesoscale oceanographic features have additional
impacts upon deepwater plankton and micronekton communities, for locally high nutrient levels
are also introduced to the surface of deepwater ocean regions at eddy edges where there is
enhanced vertical mixing. In fact, the periphery region of high-velocity surface currents that
surrounds both the cyclonic and the anticyclonic eddies are zones of locally high vertical shear.
In the CZCS ocean color climatology from 1978 to 1985 and in imagery from the current
generation ocean color sensor (i.e., Sea Wide-Field Scanner, or SeaWiFS; in orbit since
November 1997), the periphery of the LC and of the anticyclonic Loop Current eddies (L CEs) of
diameter 200 to 300 km (124 to 186 mi) that are shed from the LC are often seen to be outlined
by surface pigment concentrations that are two- to three-fold higher than the extremely low
concentrations (i.e., 0.04 to 0.06 mg/m®) in the interior of these circulations.

The presence of multiple cyclonic and anticyclonic features in the GOM can set up strong
frontal gradients between these features. Lee et al. (1991) have shown that meanders and eddies
in the Gulf Stream are often marked by local aggregations of phytoplankton. Elevated fish
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stocks appear to concentrate in such areas (Atkinson and Targett, 1983). Since 1982, the
Southeast Area Management and Assessment Program (SEAMAP) has made over 2,000
deepwater collections of zooplankton and micronekton in the GOM to survey for icthyoplankton
(i.e., eggs and larvae of commercialy important fish species). Data reports for the SEAMAP
program were produced each year, but there has been no summary of the interannual or decadal
variability of the data. Recently, Lamkin (1997) used six years of SEAMAP data (1983 to 1988)
in an investigation of the frontal zones associated with the northern excursions of the LC.
Lamkin (1997) found a positive correlation between the abundance of larval nomeid fishes (i.e.,
drift fishes such as man-of-war fish) and the location of the northern edge of the LC. In
particular, Cubiceps pauciradiatus has adult spawning grounds and larval habitats closely related
to sharp temperature gradients. Other fish larvae also appear to vary in abundance in relation to
mesoscale hydrographic features (Richards et al., 1993). Larvae of apex predators like bluefin
and yellowfin tuna seem to be most abundant along L C frontal zones and within eddy peripheries
(Richardset al., 1989) and the adults, as well, can be caught in such frontal zones.

Because the interiors of the anticyclones are areas of convergence, the upper 100 m (328
ft) or so of the water column in both LC and LCEs are areas in which surface waters are
infrequently renewed and thus are impoverished in nitrogen and phosphorus nutrients (Biggs,
1992). Theinteriors of these regions of convergence are generally regarded as biological “ocean
deserts.” However, the cyclonic cold-core eddies (i.e., local areas of divergence) that are
frequently associated with these anticyclones represent areas of higher biological productivity.
Both types of these mesoscale features can be detected by the topography of the 15°C isotherm;
this is domed upward in the cyclones, and pushed locally deep within the anticyclones. Both
types of features can now be located with satellite atimetry since GOM cold-core eddies (i.e.,
15°C isotherm domed) show up as 10 to 20 cm (3.9 to 7.9 in) local depressions in sea surface
height, whereas warm-core eddies (i.e., 15°C isotherm pushed locally deep) show up as 20 to 70
cm (7.9to 27.6 in) local elevations in sea surface height (Leben et al., 1993).

Subsurface sampling of these GOM eddies from ships showed there was a highly
predictable negative first-order relationship between temperature <22°C and nitrate
concentration. Temperature could thus be used as a proxy for nitrate concentration, and in
particular the depth of the 19°C isotherm was a good estimation of the depth of the 10 uM nitrate
concentration (Biggs et al., 1988). Within one cyclone sampled in 1996, the nitracline was
domed 40 to 60 m (131 to 197 ft) shallower than within the LCE that was sampled concurrently
(Zimmerman and Biggs, 1999, figure 6). Because this doming facilitated a higher flux of new
nitrogen into surface waters in cyclone than in anticyclone, the deep chlorophyll maximum
(DCM) was locally shallower and chlorophyll reached higher maximum concentration in the
cyclone than in the LCE. Because this resulted in higher standing stocks of chlorophyll in the
upper 100 m (328 ft) in the cyclone, the cyclones are regarded as biological "oases,” while the
interior of the LCEs are biological "deserts." During the recently completed GulfCet 11 research
program, which was co-sponsored by the U.S. Geological Survey and MMS, trawling and
bioacoustic survey work showed the cyclone but not the LCE had locally higher standing stocks
of zooplankton and nekton (Chapter 3 in Daviset al., 2000).

In summary, when and where anticyclonic and cyclonic hydrographic features occur over
areas of deep water in the western and central GOM, they will play an important role in
determining biogeographic patterns and controlling population ecology in the Gulf. The
potential for increased fisheries biomass within cyclones and along the frontal zones of both
types of eddies is becoming better understood now that these have been identified as deepwater
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concentrating mechanisms for higher trophic levels and apex predators. Continued study and
assessment of zooplankton and nekton abundance within these mesoscale circulation features is
warranted, as these organisms ultimately serve as food stocks for higher trophic levels. Acoustic
sampling should play an important role in future applied research on eddies, for the hundreds of
kilometers in diameter spatial size of these mesoscale circulation features and the fact that most
persist for many months demands they be surveyed and sampled in an efficient manner in order
to maximize the multidisciplinary value of data collected on their water column biology.

3.2.2.2 Deep Benthic Communities
Soft Bottom Benthos

The benthic communities in the western and central areas of the GOM are typical of most
temperate continental slope assemblages at depths ranging from approximately 300 m (984 ft) to
just over 3,000 m (9,843 ft). The total community can be subdivided by organism size: 1)
megafauna (large animals typically caught in shrimp trawls and visible to the naked eye), 2)
macrofauna (species defined on the basis of their capture on 0.25- to 0.5-mm sieving screens), 3)
meiofauna (smaller invertebrates consisting mostly of nematode worms, defined by separation on
63-um-mesh sieving screens), and 4) microfauna (composed of protists and bacteria). In the
present description, the communities will be described on the basis of their structure (e.g.,
biomass, diversity, etc.), their function (e.g., metabolism, growth rates, etc.) and the
environmental factors that affect both structure and function.

Environmental Factors

Depth is an important environmental factor affecting the benthos within the study area,
including the outer margin of the shelf (at depths of about 200 m [656 ft]) and extending into the
slope (dlightly above 3 km [9,843 ft]) at the southern boundary at the EEZ with Mexico. The
geology and topography of the region (Section 3.1.1) is characterized by numerous basins and
rises that are tens of kilometers across and often more than several hundred meters deep. The
entire region is draped in a blanket of fine-grained silt-clay sediments about 2 m (6.6 ft) thick
that dates from the Holocene transgression. The organic content, however, is modest, with few if
any values above 1 to 2 percent organic carbon. This reflects the generally low productivity of
the surface waters (Section 3.2.2.1) and the dilution of organics by terrigenous particul ate matter
carried offshore by the Mississippi River. It might be expected that organic matter in sediments
could be higher due to fertilization from oil and gas seeps, but such influences so far appear to be
limited to the immediate vicinity of a seep.

The oceanic oxygen minimum at depths of 200 to 400 m (656 to 1,312 ft) reaches values
between 2.5 and 3 ml/l, levels that are low enough to have an impact on indigenous fauna. This
condition of "near-hypoxia' is not related to the seasonal hypoxia normally observed on the
continental shelf under the Mississippi River plume.

Temperatures, which are known in general to have substantial influences over animal
distributions, are stable below depths of the permanent thermocline, except when influenced by a
warm eddy. Small variations are known to occur as deep as 1.2 km (3,937 ft), but not deeper.
The constant, deepwater temperature reflects the temperature of the source, the Antarctic
Intermediate Water. It has atemperature of 4.3°C and a salinity of 34.9 psu. Thus, temperature
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and salinity variations have minimal effects on the fauna, with the exception of the upper
continental slope environment whenit isinfluenced by awarm eddy.

An ateration of “normal” communities might be expected in the numerous small basins
lining the slope if they are characterized by underlying salt or fossil organics that have seeped
into the basin. If the basin retains this subbottom material because of its density, then the
communities in the immediate proximity of this "lake" will be highly altered. Although thisis
known to occur (MacDonald, 1998), its frequency is so far unknown.

Community Structure

To alarge degree, the oligotrophic nature of the open GOM (Section 3.2.2.1) is reflected
in the structure of the deep Gulf benthos. It iswell established that the density and biomass of
the macrofauna declines precipitously with depth from about 5,000 individuals’'m? in lower shelf
and upper slope environments down to several hundred individualym? on the abyssal plain
(Rowe and Menzel 1971, Rowe et al. 1974; see figure 3-18). A decline in densities with depth
has also been observed in the megafauna and the meiofauna (Pequegnat et al., 1990). A mid-
depth maximum was observed on the upper slope in the macrofauna in some locations
(Pequegnat et al., 1990), and it is inferred that this occurs in regional sediment “depocenters’ of
organically rich particulate matter. Megafauna densities, composed principally of echinoderms
and crustaceans, amount to as many as 600 individuals'ha, but these are in less abundance than at
similar depths on the Florida Escarpment of the eastern Gulf.

It has been suggested that the communities are zoned with depth (Pequegnat 1983). The
upper slope has been designated the Shelf/Slope Transition Zone and extends from about 100 m
(328 ft) down to approximately 500 m (1,641 ft). This zone is populated by echinoderms,
crustaceans, and several abundant bottom fishes, all of which feed on the smaller invertebrates
on or near the bottom. Below the Shelf/Slope Transition Zone are two Archibenthal Zones
(Horizons A and B) at 500 to 775 m (1,641 to 2,543 ft) and 800 to 1,000 m (2,625 to 3,281 ft),
respectively. Within these zones, galatheid crabs are abundant, along with rat tail fishes. Large
sea cucumbers and sea stars are abundant as well in the upper horizon.

A peculiar inhabitant of the Gulf is the giant isopod crustacean, Bathynomus giganteus.
While many of the dominant species mentioned below are common to the U.S. East Coast at
more or less similar depths, B. giganteusis not. In the second zone, the fishes, echinoderms, and
crustaceans decline. This zone is characterized by the red crab, Chaceon quinquedens. The
Upper Abyssal Zone extends from 1 km (3,281 ft) down to 22 km (7,218 ft) depth. It is much
broader than the zones noted previously, but the number of fish species declines. However, the
invertebrate species appear to increase. Common echinoderms are the sea cucumbers
Mesothuria lactea and Benthodytes sanguinolenta. Galatheld crabs are characterized by 12
species of the familiar deep-sea genera Munida and Munidopsis. Although the galatheids, which
are common deep-living decapods, remain speciose, the shallow-living brachyuran crabs decline.

Below this stratum is the Mesoabyssal Zone from 2.3 to 3.2 km (7,546 to 10,500 ft)
depth. This crosses over the stegp Sigsbee Escarpment, demarcating the lower slope and the
upper rise. Fishes are depauperate, and the echinoderms continue to dominate the megafauna.
The Lower Abyssal Zone (3.2 to 3.8 km [10,500 to 12,468 ft]) stretches out onto the abyssal
plain of the Sigsbee Deep, which extends into the Mexican EEZ. The most common megafauna
species at these greatest depths in the Gulf is the large asteroid Dytaster insignis. The
designations for zones noted above are similar to those used previously by Menzieset al. (1973)
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for other oceanic margins, including the northwest Atlantic, but the species composition is
usually different.

Macrofaunal species diversity is high on the continental slope, as would be expected from
other studies worldwide. However, the pattern in diversity relative to depth is somewhat
different. While diversity in the major ocean basins appears to increase down the continental
margin out to depths of 2 to 3 km (6,562 to 9,843 ft), and then decline further offshore at greater
depths, the Gulf has a dlightly different pattern. Based on a recent review of available data
compiled by Lohse (1999), highest diversity values occur on the upper continental slope and the
outer continental shelf at depths of 100 to 1,000 m (328 to 3,281 ft), with adecline from 1,000 m
(3,281 ft) and deeper along the continental slope. This shoaling of the diversity maximum may
be due to variability from phenomena such as warm eddies or fossil hydrocarbon seeps, or it
could be a function of the limitation of larval transport at great depths by the sill across the
Y ucatan Straits.

Community Function

Community function refers to the rates of dynamic processes such as respiration,
predation, recruitment, excretion, growth, and reproduction. Much less is known about these
processes than is known about community structure, especially for deep-sea communities such as
those on continental slopes. Community total oxygen consumption (SOC), which can be
interpreted as the combined respiration of the sediment-dwelling biota (i.e., macrofauna,
meiofauna, bacteria), has been measured at numerous locations on the continental shelf adjacent
to the study area, but few measurements have been made offshore at slope depths. Available
rates presented in figure 3-19 provide a comparison of bay, shelf, slope, and abyssal plain values.
While rates are highly variable, SOC (determined using log SOC in ml Ox/m?/hr) conforms to a
statistically significant decline when plotted with log depth as the independent variable on the x
axis. High values on the slope above the regression line are probably due to the occurrence of
“depocenters’ and fossil hydrocarbon seeps. This line allows for a prediction of the turnover of
organic matter by the community and illustrates that the amount of recycling of organic matter
by the benthos declines rapidly with depth in amanner parallel to the decline in biomass.

Slope macrofauna are dominated by polychaete annelid worms, whose densities vary in
time on the upper slope (figure 3-20). Such temporal variability suggests that seasonality may be
important in determining total biomass and the dynamic aspects of the communities present.
Note that the densities vary by afactor of two between fall and spring samples (Hubbard, 1995);
such variation in time also appears to diminish with depth.

Steady-state budgets of “carbon cycling” in bottom-community food webs have been
constructed for a number of continental margins in the North Atlantic and associated basins,
including the GOM (Cruz-Kaegi, 1998), as depicted in figure 3-21. This budget, which
represents mean values for the stocks and metabolic rates at depths between 300 and 3,000 m
(984 to 9,843 ft), illustrates that the communities of the slope are dominated by smaller
organisms, namely the meiofauna and the bacteria. Bacterial communities of the slope exhibit
standing stocks that are more than ten times greater than co-occurring meiofauna and
macrofaunal communities. Megafaunal assemblages are extremely limited in these
environments, exhibiting standing stocks that are less than two percent (by organic carbon
content) of meiofaunal and macrofaunal assemblages and only afraction of a percent of bacterial
standing stocks. Thisis characteristic of deep-ocean assemblages where the input of organic
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matter is meager and of poor quality asfood. It also suggests that the deep Gulf benthos is food-
limited and harbors few organisms of relatively high biomass (i.e., tens of grams), with the
aexception of areas in and immediately adjacent to hydrocarbon seeps. There is no expectation,
based on such findings, that the deep slope fauna at depths greater than about 1.5 km (4,922 ft)
will ever be utilized as a commercia or recreational fishery or that they constitute a food source
for other organisms higher up the food chain that might be an important resource.

Chemosynthetic Communities

Background

Chemosynthesis is a mode of life practiced by numerous groups of bacteria that are able
to oxidize simple compounds such as hydrogen sulfide (H»S) and methane (CH,4) (Jannasch,
1989). The sulfide-oxidizing forms use energy released by the oxidation process to drive the
cellular machinery of carbon fixation. Starting with the basic building blocks of nutrients and
water, these bacteria produce carbohydrates, proteins, and other complex organic compounds.
Like photosynthetic plants, chemosynthetic bacteria are thus able to form new organic
compounds at the base of the food chain.

Ecologically, chemosynthetic bacteria differ from plants because they do not need light
and require free oxygen. In their free-living forms, chemosynthetic bacteria are found where a
substrate is enriched with H,S or CH4. Such conditions often occur in the anaerobic sediments
of marshes or sewage treatment ponds, where the decomposition of organic matter produces
these chemically reduced compounds in abundance. Because they require the means for
oxidizing their chemical nutrient source, chemosynthetic bacteria typically live at the interface
between reduced sediments and oxygenated water. A common form is Beggiatoa, which form
long filaments that form pale-colored mats on sediment surfaces (Larkin et al., 1994). In shallow
aguatic habitats, chemosynthetic bacteria are one component of complex systems comprising
numerous pathways for producing and recycling organic matter.

Below the photic zone, in depths of 300 m (984 ft) or more, photosynthesis is no longer
possible and nutrient limits sharply constrain the possibilities for complex community structure.
Where seepage of hydrocarbons, venting of hydrothermal fluids, or other geological processes
supply abundant reduced compounds, chemosynthesis becomes the dominant component of the
ecosystem. In the northern GOM, these conditions are met where oil and gas seep into seafloor
sediments at depths of about 400 m (1,312 ft) and greater. Although chemosynthesis remains an
exclusively microbial process at the cellular level, chemosynthetic communities in the deep sea
achieve prominence because of symbiotic partnership between chemosynthetic bacteria and
invertebrate hosts (Fisher, 1990).

Symbiosis with Invertebrates

Free-living chemosynthetic bacteria are limited to interfaces because they simultaneously
require oxygen and reduced compounds that would spontaneously oxidize in the presence of
oxygen. Symbiotic partnership with invertebrate hosts greatly extends the possible habitat for
the chemosynthetic mode of life. Specific adaptations vary, but the basic arrangement is that the
bacteria live within specialized cells in the host organism. The host physiology supplies oxygen
and chemosynthetic substrates to the bacteria, often by means of specialized blood chemistry,
and exploits the resulting bacterial productivity. Major groups from the GOM are briefly
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described below, including vestimentiferan tube worms, seep mussels, vesicomyid and lucinid
clams, and specialized polychaete worms.

Vestimentiferan Tube Worms

These highly adapted polychaetes lack mouth, gut, and anus. They live in a tough
polysaccharide tube, typically 1 cm (0.39 in) in diameter and up to 2 m (6.6 ft) long. Gas
exchange and oxygen uptake is via a vascularized plume (red in color), which extends 1 to 2 cm
(0.39t0 0.79 in) from the anterior tube end. The tubeis often held 1 m (3.3 ft) or more above the
seafloor. Their symbionts utilize H,S, which the tube worm absorbs from root-like structures
that extend below the buried portions of the tubes. Buried tube length may be as much as one-
third the body length. Two species are common to the GOM: Lamellibrachia n. sp. cf. barhami
and Escarpia n. sp. Lamellibrachia, the larger animal, typically forms bush-like clusters of
severa hundred individuals. These animals grow at rates typically less than 1 cm/yr (0.39 in/yr),
so that a large adult may be 200+ years old. A single large cluster marks a location where
hydrocarbon seepage has continued unabated for several hundred years or more (Fisher et al.,
1997).

Seep Mussels

These deep-sea mussels possess methanotrophic oxidizing symbionts, which live in the
linings of greatly enlarged gills(Childress et al., 1986). Methane and oxygen are supplied to the
symbionts through the ventilation of the gills. The mussels retain functional feeding grooves and
gut. Excess bacteria are sloughed out of the gills and digested normally. Because the
requirement is for dissolved CHj4, seep mussels are restricted to locations where CHg
concentrations are high, for example near active gas vents. At such sites, mussels may
completely cover the seafloor in mats that are bound together by byssal threads and extend for
several meters or more. The maximum length of an adult is 12 to 13 cm (4.7 to 5.1 in). The
growth rates are slow, with juveniles requiring possibly 20 years to reach maturity and large
adults frequently surviving 40 years (Nix et al.,, 1995). The most common species is
Bathymodiolus childressi.

Vesicomyid Clams

These are surface-dwelling bivalves that plow long, curving furrows across the seafloor
(Rosman et al., 1987). The foot is thrust forward and down into anoxic soils while the siphon is
extended into the bottom water with the exposed portion of the shell. This alows the animal to
absorb H,S across the foot epithelium, from where it is transported to symbiont-lined gills via
specialized blood chemistry. Adults are 75 to 90 cm (29.5 to 35.4 in) long, with a deep, heavy
shell. The two species known from the GOM are Calyptogena ponderosa and Vesicomya
cordata. Nothing is known of the growth rates, but deep-sea bivalves are typically long lived.
Accumulations of dead shells with clusters of live individuals suggest persistent occupation of
active seep sites. These aggregations have been found on the flow-fields where expulsion of oil-
rich mud generates shallow anoxic layers.
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Lucinid Clams

Although these are possibly the most ubiquitous chemosynthetic invertebrates in the
GOM, living adults are aimost never seen in photo-surveys. These animals live in deep, U-
shaped burrows and manipul ate the oxygen tension in their burrows by moving up and down in
the passage to the surface. Accumulations of dead shells are often seen in photo-surveys. The
chalky shells are subcircular, shallow, and have a small but distinct beak at the hinge. Symbionts
live in enlarged gills and utilize HS. Growth rates and life-spans are unknown. Common
speciesin the GOM are Lucinoma atlantis and Thiasira oleophila (Callender and Powell, 1997).

Polychaete "lce Worms"

This polychaete, Hesiocaeca methanicola, received attention in the press following its
discovery in 1997, but relatively little is published about its life history or ecology (Desbruyeres
and Toulmond, 1998). The worm inhabits shallow depressions on the surface of shallow gas
hydrate deposits. It does not possess chemosynthetic symbionts, but the stable carbon isotope
ratios of itstissue are consistent with a diet derived from chemosynthetic production.

Types of Chemosynthetic Communities in the Northern GOM

Roberts and Carney (1997) distinguish among slowly seeping oil and gas seeps, rapid,
mud-prone expulsion features (mud volcanoes), and quiescent, mineral-prone seeps. Relilly et al.
(1996) categorize complex communities, which comprise a mixture of tube worms and seep
mussels, and simple communities, which consist of a single species—usually seep mussels or
vesicomyid clams. MacDonald et al. (1998a) and MacDonald et al. (in press) identify brine-
pooling and sediment diffusion habitats, noting that so-called simple and complex communities
can occur in close proximity. At slow oil and gas seeps, fluids migrate to the seafloor from deep
(i.e., 3,000 to 5,000 m [9,843 to 16,405 ft] subbottom) reservoirs that are broadly distributed
across the continental slope. Near the seafloor, a layer of unconsolidated hemipelagic sediment
forms that is several hundred meters thick. The upper sediment column diffuses and retains oil
and gas over areas considerably larger than the fault axis (Reilly et al., 1996). In the upper meter
or so of the sediments, microbial degradation of the labile carbon in the oil and gas depletes
available oxygen and reduces seawater sulfate to H,S. This provides chemosynthetic substrates
for invertebrates with sulfide-oxidizing symbionts, notably vestimentiferan tube worms.
Increased akalinity due to microbial productivity causes extensive precipitation of carbonate.
Accumulating fluid and carbonate produces low mounds with basal diameters of 10 m (3.3 ft) to
over 500 m (1,641 ft) and slopes of 10 percent or greater. At localized vents, methane bubbles
through near-bottom waters and generates sufficient local concentrations to support seep
mussels. Gas hydrates form where free gas is trapped beneath layers of rock or other shallow
obstructions. The result is often a patchwork of tube worm clusters and carbonate boulders
extending over the surface of the seep, with the greatest concentrations along fault axes.

At mud volcanoes, formation of chemosynthetic communities is controlled by the
intensity and frequency of mud discharge. Rapid fluid flux often includes abundant
hydrocarbons, but burial of slow-growing fauna will limit community formation at active sites.
Because the fluid flux is associated with shallow salt in most cases, halite dissolution produces
concentrated brines and the increased density of these briny fluids tends to create pools or

14:001000_ MMOZ_00_05_00_T1346 3-72
S3.doc-1/16/01



Section 3.2.2

channels with distinct, stable interfaces. Seep mussels can colonize the stable edges of mud-
filled craters or channels. Repeated burial over thousands of years of activity is indicated by
recovery of mussels shellsin cores taken at mud-prone sites.

Mineral-prone seeps occur with decreased rates of venting and formation of surface
domes capped with lithified layers. Lithification greatly reduces sediment porosity and limits
seepage to faults and fissures in the crust. Layers of bivalve shell may remain over large areas
for many years after most seepage and all chemosynthetic production has ceased.

Dependence upon seeping hydrocarbons places GOM chemosynthetic faunain a deep-sea
locality that may be affected by human activities. Expansion of the offshore energy industry has
experienced severa expansive episodes in the past twenty years. All of these have increased
activities at ever greater depths. The amount of seafloor influenced by seepage is quite small
compared to the extent of the subbottom hydrocarbon system, and industry engineers generaly
strive to avoid the unstable substrate at seeps (Reilly et al., 1996). Current interest lies in
improving the capacity to predict where seep communities will occur and in understanding
processes that contribute to either stability or change in this environment so that anthropogenic
changes could be distinguished from natural processes. Type cases of "typical" chemosynthetic
communities are given below.

Bush Hill

The "Bush Hill" site (lat. 27°47' N., long. 91°30.4 'W.) described by MacDonald et al.
(1989) was the first hydrocarbon seep community to be sampled from a submersible. Reilly et
al. (1996) describe it as the type-example of a complex chemosynthetic community. The
Conoco tension leg work platform (TLWP) was installed <2 km (1.2 mi) west-southwest of the
mound and began producing oil in the late 1980s. The major seep areais a 300-m (984-ft; E-W)
by 500-m (1,641-ft; N-S) mound with a crest depth of 570 m (1,870 ft), rising about 40 m (131
ft) above the surrounding seafloor, and composed of mud, carbonate, and shallow gas hydrate.
The N-S axis of the mound is situated along the surface trace of a west-dipping fault that is the
conduit by which oil and gas reaches the surface from deposits located at approximately 1,200 m
(3,937 ft) subbottom depth. Surface sediments contain, by weight, up to 10 percent liquid
hydrocarbons, which Kennicutt et al. (1988b) described as having fingerprints identical to oil
produced by the TLWP wells. However, reservoirs tapped by TLWP wells were located at
subbottom depths of 3,000 m (9,843 ft) or greater (Cook and D'Onfro, 1991), suggesting that the
field comprises a complex of many reservoirs that are charged from a common source but seep
only from the shallowest strata. Sulfide concentrations in shallow sediments (<10 cm [3.9 in])
associated with tube worm clusters have been measured in the 100 to 250 niM range with use of
micro-€electrode technique (Escorcia et al., 1999). Methane concentrations in near-bottom waters
are 30 to 60 mM in the vicinity of active gas vents and below 1 nM elsewhere (MacDonald et al.,
1989; Nix et al., 1995). Shallow gas hydrates have been recovered by coring at Bush Hill
(Brooks et al., 1986). Layers of gas hydrate breach the sediment layer near the highest point of
the mound (MacDonald et al., 1994). Tube worm clusters extend over much of the mound crest,
while mussels are confined to the active gas vents.
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Brine Pool NR1

The focus of this chemosynthetic community isasmall (190 m2 [2,044 ft?]) pool of brine
(salinity 121.35 psu) found near lat. 27°43.4' N. and long. 91°16.5' W. at a water depth of 650 m
(2,133 ft) (MacDonald et al., 1990). Brinefills a crater at the center of an approximately 100-m
(328-ft)-wide mound. The mound rises about 6 m (19.7 ft) above the surrounding seafloor, but
the crater and its diatreme extend at least 30 m (98 ft) below the surface. The brine contains

microbial methane (C13C = -63.8) in concentrations that are supersaturated at standard
temperature and pressure. Streams of CH,4 bubbles emanate continually from the center of the

pool. The pool is ringed by a large (540 m2 [5,810 ft?]) bed of seep mussels (MacDonald and
Fisher, 1996). Mussels settled on the "shoreline” of the pool include numerous juveniles,
whereas the periphery of the bed comprised a single settlement class without juveniles. Sulfide
levels are below levels of detection in the pool, but rise sharply in fluids collected beneath the
surrounding mussel bed (Fisher, 1999, personal communication). The bed of seep mussels
comprises a striking example of a mono-specific aggregation of chemosynthetic fauna, but
numerous other species of heterotrophic animals are also commonly observed at the site
(MacDonad, 1992; MacDonald and Fisher, 1996). Recent findings challenge the Reilly et al.
(1996) designation that Brine Pool NR1 isa"simple" community, because small but noteworthy
clusters of vestimentiferans are known to occur to the south of the pool (MacDonald et al., in
press).

Garden Banks 386

Located at depths of 580 m (1,903 ft) near lat. 27° 36.9' N. and long. 92° 15.5' W., this
flat-topped mound is described as a mud volcano by Reilly et al. (1996), but active seepage in
the form of gas venting and mud or fluid discharge does not occur over the mound (Rellly et al.,
1996; Lee et al., 1999). A rubble-strewn crust of authigenic carbonate extends over the entire
approximately 600-m (1,969 ft)-wide area of the upper mound. Bivalve shells are common, but
no living seep mussels or clams have been recovered from the site, and tube worms are restricted
to stunted individuals lining small fractures in the rocky substratum (MacDonald et al., 1995).
Because active mud volcanoes of similar morphology are common in the region, and because of
the accumulation of dead bivalve shells, one can surmise that this site was previously more
active in terms of fluid expulsion and biological productivity. Mineral-prone seeps probably do
not generally represent aggregations of biological activity requiring extensive protection. It
would require careful study, however, to distinguish a mineral-prone, relatively inactive seep and
biological assemblage like the mound in Garden Banks 386 from more active features.

Distribution of Chemosynthetic Communities in the Northern GOM

Seeps and chemosynthetic communities can be detected with seismic survey methods by
looking for migration conduits—also caled seismic wipe-outs—that coincide with surface
mounds and low-angle faults (Reilly et al., 1996; Roberts and Carney, 1997). Side-scan sonar
has also shown promise and may be more cost-effective in some applications (Sager et al.,
1999). Asthe discussion above indicates, the timing of migration and seepage is not necessarily
predicted by structures that are detected with seismic data. The geochemistry of hydrocarbon
seeps has been thoroughly described (Anderson et al., 1983; Brooks et al., 1984; Brooks et al.,
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1986; Kennicutt et al., 1987; Kennicutt et al., 1988a) and will reliably predict regional
occurrence of chemosynthetic communities for at least the so-called “lush” communities of most
concern for resource managers (USDOI, MMS, 1988). However, brine-pooling communities
like Brine Pool NR1 are not always associated with thermogenic hydrocarbons in the surface
sediments. Submersible and photo-surveys have been executed haphazardly and with a definite
bias toward sites less than 1,000 m (3,281 ft) deep due to the cost and depth limitations of
available submersibles. Surveys of chemosynthetic communities need to be evaluated critically,
therefore, with an eye to the underlying limits of the data and the motivating goals of the survey.
The following briefly summarizes different evidence for the regiona distribution of
chemosynthetic communitiesin the GOM.

Evidence from Energy Prospecting

Sassen et al. (1993) demonstrated that, where data permit comparison, many major seeps
and associated chemosynthetic communities are correlated with major oil fields in the deepwater
GOM. Recent exploration and production have not been thoroughly documented by submersible
observations, and there is some question about community development in water depths between
1,000 and 2,000 m (3,281 and 6,562 ft) where data are lacking (MacDonald, 1998b). However,
these authors and other researchers (Abrams, 1996; Kaluza and Doyle, 1996) note that salt
tectonism generates migration conduits across the entire GOM slope. All hydrocarbon fields are
therefore highly susceptible to leakage. A map of oil discovery and production could be used to
predict many of the general localities where chemosynthetic communities might be found.
Direct observations are required to confirm community occurrence at scales of 1 km or less.

Evidence from Direct Observation

Table 3-9, reproduced from MacDonald et al. (1996), compiles direct observations of
chemosynthetic communities in the northern GOM. As s evident in the table, the vast majority
of documented chemosynthetic communities in the central and western Gulf occur in the Green
Canyon and Garden Banks lease block areas (21 and 12 sites, respectively). Five or fewer
chemosynthetic community sites have been noted for Alaminos Canyon, East Banks, Mississippi
Canyon, Ewing Bank, and Viosca Knoll lease block areas.

3.2.2.3 Topographic Features

A number of topographic features occur on and at the edge of the continental shelf of the
western and central GOM (figure 3-22), inshore of the study area. Given the potential sensitivity
of these features to oil and gas operations, including shuttle tankering associated with FPSO
operations, their characteristics have been detailed in the following section.

Topographic features, sometimes called “topographic highs’ because they are elevated
above the surrounding seafloor, support a variety of hard-bottom benthic organisms. The
habitats that these topographic features provide are important to the GOM continental shelf
system for a number of reasons. Many of the features support hard-bottom communities that
have high biomass, high diversity, and high species richness. Large numbers of commercially
and recreationally important fish species are also associated with these features. A number of the
features, particularly the East and West Flower Garden Banks (figure 3-22) are sufficiently
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Table 3-9

Sites Where Chemosynthetic M egafauna Have Been Collected
in the Central and Western Gulf of Mexico

Latitude Longitude MMS Depth Observation Data
Fauna (North) (West) L ease Block (m) Method Source
VM 26°21.20' 94°29.80' AC0645 2,200 Sub 1
M 27°23.50' 94°29.45' EB0602 1,111 Trl 2
PG 27°27.55' 93°08.60' GB0500 734 Trl 2
VvC 27°30.05' 93°02.01' GB0458 757 Trl 2
M 27°31.50' 92°10.50' GB0476 750 Sub 3
MC 27°33.40' 92°32.40' GB0424 570 Sub 3
V 27°35.00' 92°30.00' GB0425 600 Sub 3
VvC 27°34.50' 92°55.95' GB0416 580 Sub 3
VvC 27°36.00' 94°46.00' EB0376 776 Sub 3
PG 27°36.15' 94°35.40' EB0380 793 Trl 2
MC 27°36.50' 92°28.94' GB0382 570 Sub 3
VvC 27°36.60' 94°47.35' EB0375 773 Trl 2
VvC 27°36.82' 92°15.25' GB0386 585 Sub, Trl 2,3
VvC 27°37.15 92°14.40' GB0387 781 Sub, Trl 2,3
V 27°37.75' 91°49.15' GC0310 780 Trl 2
VvC 27°38.00' 92°17.50' GB0342 425 Trl 2
C 27°39.15' 94°24.30' EB0339 780 Trl 2
VvC 27°39.60' 90°48.90' GC0287 994 Sub, Trl 2
C 27°40.45' 90°29.10' GC0293 1,042 Trl 2
VvC 27°40.50' 92°18.00' GB0297 589 Trl 2
VMC 27°40.88' 91°32.10' GC0272 720 Sub, Trl 2,3,4
VvC 27°42.65' 92°10.45' GB0300 719 Trl 2
V 27°43.10' 91°30.15' GC0229 825 Trl 2
VM 27°43.30' 91°16.30' GC0233 650 Sub 5
VMC 27°43.70' 91°17.55' GC0233 813 Trl 2
VM 27°44.08' 91°15.27" GC0234 600 Sub 3,6
VM 27°44.30' 91°19.10' GC0232 807 Sub 3
VM 27°44.80' 91°13.30' GC0234 550 Sub 3,7
VvC 27°45.00' 90°16.31' GC0210 715 Sub 3
C 27°45.50' 89°58.30' GC0216 963 Sub, Photosl 8,2
VMC 27°46.33' 90°15.00' GC0210 796 Sub 3
VM 27°46.65' 91°30.35' GC0184/5 580 Sub, Trl 2,3,9
VM 27°46.75' 90°14.70' GC0166 767 Sub, Trl 2,3
VM 27°49.16' 91°31.95' GC0140 290 Sub 1
V 27°50.00' 90°19.00' GC0121 767 Sub 3
VM 27°53.56' 90°07.07" GC0081 682 Photosl 11
VvC 27°54.40' 90°11.90' GC0079 685 Trl 2
VM 27°55.50' 90°27.50' GC0030 504 Sub 3
VPG 27°56.65' 89°58.05' GC0040 685 Trl 2
C 27°57.10' 89°54.30' MC0969 658 Trl 2
Vv 27°57.25' 89°57.50' EW1010 597 Sub, Trl 2,3
V 27°58.70' 90°23.40' EW1001 430 Sub, Trl 2,3
VC 29°11.00' 88°00.00' VK0826 545 Sub, ROV, Trl 3,4,12
Notes:

Fauna indicates type of chemosynthetic megafauna found at site: V=vestimentiferan tube worms, M=seep mytilids, C=vesicomyid or lucinid
clams, PG=pogonophoran tube worms.

Lease block designators follow MMS standard abbreviations.

Observation methods include trawl (Trl) and submarine (Sub), or definitive photography via submarine, remotely operated vehicle (ROV), or
photosled (Photosl).

Data sources give precedence to observations published in open literature. Data sources: 1-Brookset al. (1989), 2—Kennicuttet al. (1988a,b), 3—
GERG unpubl. data, 4-Callender et al. (1990), 5-MacDonald et al . (1990b), 6-MacDonald et al . (1990b), 7-MacDonald et al . (1990a), 8-Rosman
et al. (1987), 9-MacDonald et al. (1989), 10-Robertset al . (1990), 11-Boland 1986, 12-Boss (1968), Gallaway et al. (1990), Volkes (1963).
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Section 3.2.2

elevated above the surrounding seafloor that there is sufficient light to support the growth of
hermatypic coral species.

Seven distinct biotic zones have been identified on the topographic features, as detailed in
table 3-10. These zones have been divided into four categories based on the level of reef-
building activity in a particular zone (Rezak et al., 1983). Major reef building and primary
production occurs in four zones: 1) the Diploria-Montastraea-Porites Zone, a high-diversity
coral reef zone; 2) the Madracis Zone; 3) the Stephanocoenia-Millepora Zone, a low-diversity
coral reef zone; and 4) the Algal-Sponge Zone. Minor reef building occurs in the Millepora-
Sponge Zone, and minor to negligible reef building occurs in the Antipatharian Zone. No reef
building occurs in the Nepheloid Zone.

The Diploria-Montastraea-Porites Zone is only found at the East and West Flower
Garden Banks at depths shallower than 36 m (118 ft). This zone is characterized by the presence
of 18 hermatypic coral species. Coral cover in the Diploria-Montastraea-Porites Zone has been
estimated at 49 to 50 percent at the East Flower Garden Bank and 45 to 48 percent at the West
Flower Garden Bank (Continental Shelf Associates, Inc., 1997c). Montastraea franks is the
dominant coral species, comprising about one-half the living coral cover. Other important coral
species, in order of decreasing dominance, are Diploria strigosa, Montastraea cavernosa,
Colpophyllia spp., and Porites astreoides. Commercially important fishes occurring in this zone
include groupers and hinds (Mycteroperca spp. and Epinephelus spp.), amberjacks (Seriola spp.),
barracuda (Sphyraena barracuda), red snapper (Lutjanus campechanus), vermilion snapper
(Rhomboplites aurorubens), cottonwick (Haemulon melanurum), and porgies (Calamus spp.).
Spiny lobsters (Panulirus argus) and shovel-nose lobsters (Scylliarides aequinoctialis) also
inhabit the high-diversity coral reef.

On the outer edges of the coral reef zone in depths ranging from 28 to 46 m (92 to 151
ft), large areas occur that are completely covered by the small branching coral Madracis
mirabilis. Thisisreferred to as the Madracis Zone, where large amounts of carbonate sediment
are produced. Lush assemblages of leafy algae, including Stypopodium, Caulerpa, Dictyota,
Chaetomorpha, Pocockiella, Rhodymenia, Valonia, and Codium occur in places on the gravel
substratum produced by the Madracis population. These areas are referred to as the Leafy Algae
Zone.

A relatively less diverse assemblage characterized by the presence of 12 hermatypic
species occurs between 36 and 52 m (118 to 171 ft). This is known as the Stephanocoenia-
Millepora Zone. Hermatypic coral species living in this zone include Stephanocoenia michelinii,
Millepora sp., Montastraea cavernosa, Colpophyllia spp., Diploria sp., Agaricia spp. , Mussa
angulosa, and Scolymia sp. Compared to the high- diversity coral reef, considerably less
extensive coral cover exists in the Stephanocoenia-Millepora Zone, and fish populations also are
less diverse. Crustose coralline algae are the predominant encrusting forms covering dead coral
rock. Considerable numbers of American thorny oysters (Soondylus americanus) are present.

An Algal-Sponge Zone is present at a number of continental shelf-edge banks between 55
and 85 m (180 to 279 ft). This zone covers the largest area of the major reef-building zones.
Coralline algae are the dominant organisms in this zone and the most important producer of
carbonate nodules within the zone. Lithothamnium and Lithoporella, along with the encrusting
foraminiferan Gypsina plana, form these algal nodules, which range between <1 to >10 cm
(<0.39 to >3.9 in) in diameter and typically cover 50 to 80 percent of the seafloor in this zone.
The nodules serve as a habitat for diverse infauna and epifauna assemblages. Most of the leafy
algae occurring on the banksis found within the Algal-Sponge Zone, and these algae contribute
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Table 3-10

Biotic Zones on Topographic High Featuresin the Gulf of Mexico

Zone

Diploria
Montastraea
Bank Porites

Stephanocoenia-
Millepora Algal-Sponge

Millepore-Sponge Antipatharian

p
8
=
o
)
o

East Flower Garden X
West Flower Garden X
Bright
McGrail
Geyer

Rankin
Alderdice
Rezak

Sidner

Ewing
Jakkula
Bouma
Elvers

Parker
MacMeil
Sackett
Diaphus
Sweset
Applebaum
Phleger
Claypile

32 Fathom
Coffee Lump
Sonnier
Stetson

29 Fathom
Fishnet
Sebree

Big Dunn Bar
Small Dunn Bar
Big Adam
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Table 3-10

Biotic Zones on Topographic High Featuresin the Gulf of Mexico

Zone

Diploria
Montastraea- Stephanocoenia-
Bank Porites Madracis Millepora Algal-Sponge Millepore-Sponge Antipatharian

p
8
=
o
)
o

Small Adam
Blackfish
Mysterious
Baker
Aransas
Southern
North Hospital
Hosgpital
South Baker
Dream

X X

XXX XX XXX
XXX XX XX XXX
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large amounts of food to the surrounding communities. The calcareous green agae Halimeda
and Udotea and severa species of hermatypic corals (including Helioseris cucullata and
Agaricia sp.) are major contributors to the substrate. Neofibularia nolitangere is the most
distinctive and prominent sponge present. Echinoderms are prominent within the Algal-Sponge
Zone, with sizeable numbers of comatulid crinoids and asteroid species being very common. A
large number of gastropods and pelecypods, the largest of which is the American thorny oyster
(Spondylus americanus), occur in this zone. Characteristic fishes of this zone are yellowtail reef
fish (Chromis enchrysurus), sand tilefish (Malacanthus plumieri), cherubfish (Centropyge argi),
and orangeback bass (Serranus annularis).

Partly drowned cora reefs also occur within the Algal-Sponge Zone. These are
structures that are predominantly covered by crustose coralline algae with occasional small
colonies of hermatypic corals such as Agaricia spp., Helioceris cuculata, and Montastraea
cavernosa. Large anemones, large comatulid crinoids, basket stars, and Millepora also occur on
the partly drowned reefs.

One zone of minor reef building is associated with three mid-shelf banks (the Claypile,
Sonnier, and Stetson Banks) and one shelf-edge bank (the Geyer Bank). This zone, the
Millepora-Sponge Zone, occurs at depths that are comparable to the depths of occurrence of the
Diploria-Montastraea-Porites Zone at the East and West Flower Garden Banks. This zone is
characterized by the presence of the hydrozoan coral Millepora and sponges.

The Antipatharian Zone is a transition between the lower Algal-Sponge Zone and the
deep Nepheloid Zone, where there is no reef building. This zone generally occurs along the
lower portions of the banks down to about 90 m (295 ft) and is identifiable based on the
increased occurrence of the bedspring antipatharian (Cirripathes) with the algal sponge
assemblage. This assemblage is less diverse than the other shallower zones and is characterized
by comatulid crinoids, antipatharians, thin to sparse coralline algae, and few leafy algae. Fish
species present in this zone include yellowtail reeffish (Chromis enchrysurus), queen angelfish
(Holacanthus ciliaris), blue angelfish (Holacanthus bermudensis), and spotfin hogfish (Bodianus
pulchellus).

The Nepheloid Zone occurs at all of the topographic high features, beginning at the limit
of the Antipatharian Zone and extending to the surrounding soft bottom. There is high turbidity,
sedimentation, and resuspension in this zone, and the rocks and drowned reefs are covered with a
veneer of sediment. The most conspicuous of the sparse epifauna are comatulid crinoids,
octocoral whips and fans, antipatharians, encrusting sponges, and solitary ahermatypic corals.
Fishes present in this zone include red snapper (Lutjanus campechanus), Spanish flag
(Gonioplectrus hispanus), snowy grouper (Epinephelus niveatus), bank butterflyfish (Chaetodon
aya), scorpionfishes, and roughtongue bass (Holanthias martinicensis).

3.2.3 Marine Mammals

Twenty-nine species of marine mammals are known to occur in the GOM, as detailed in
table 3-11 (Davis et al., 2000). The Gulf’s marine mammals are represented by members of the
taxonomic order Cetacea, which is divided into the suborders Mysticeti (i.e., baleen whales) and
Odontoceti (i.e., toothed whales, dolphins, and their allies), as well as the order Sirenia, which is
comprised of the manatee and the dugong. Within the GOM, there are 28 species of cetaceans
(seven mysticete and 21 odontocete species) and one sirenian species, the manatee, which is
further split into two subspecies (Jefferson et al., 1992).
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Table 3-11

Marine Mammal's of the Gulf of Mexico

Order Cetacea

Suborder Mysteceti (baleen whales)

Family Balaenidae

Northern right whale (Eubalaena glacialis)
Family Balaenopteridae

Minke whale (Balaenoptera acutorostrata)

Sei whale (Balaenoptera borealis)

Bryde' swhale (Balaenoptera edeni)

Blue whale (Balaenoptera musculus)

Fin whale (Balaenoptera physalus)

Humpback whale (Megaptera novaeanglia€e)
Suborder Odontoceti (toothed whal es)

Family Physeteridae

Pygmy sperm whale (Kogia breviceps)

Dwarf sperm whale (Kogia simus)

Sperm whale (Physeter macrocephal us)

Family Ziphiidae

Sowerby’ s beaked whale (Mesopl odon bidens)
Blainville’' s beaked whale (Mesoplodon densirostris)
Gervais beaked whale (Mesoplodon europaeus)
Cuvier's beaked whale (Ziphius cavirostris)
Family Delphinidae

Pygmy killer whale (Feresa attenuata)
Short-finned pilot whale (Globicephala macrorhynchus)
Risso’ s dolphin (Grampus griseus)

Fraser’ s dolphin (Lagenodel phis hosei)

Killer whale (Orcinus orca)

Melon-headed whale (Peponocephal a electra)
False killer whale (Pseudor ca crassidens)
Pantropical spotted dolphin (Stenella attenuata)
Rough-toothed dolphin (Steno bredanensis)
Clymene dolphin (Stenella clymene)

Striped dolphin (Stenella coeruleoal ba)

Atlantic spotted dolphin (Stenella frontalis)
Spinner dolphin (Stenella longirostris)
Bottlenose dolphin (Tursiops truncatus)

Order Sirenia

Family Trichechidae

Florida manatee (Trichechus manatus latirostris)
Antillean manatee (Trichechus manatus manatus)

(E)

(E)
(E)

(E)
(E)

(E)

(E)
(E)

Key:

(E) = Currently listed as an endangered species under the Endangered Species Act of 1973.
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Though the use of FPSOs is projected for deepwater regions of the central and western
Gulf, support operations (i.e., shuttle tankers carrying FPSO-produced oil, crew and supply
vessels) will traverse coastal waters adjacent to Gulf ports. In addition, the potential for
accidents and oil spills from FPSO operations may have ramifications for nearshore waters.
Therefore, the following description of the Gulf’'s marine mamma community, while
emphasi zing deepwater species, also considers shallow water species.

3.2.3.1 Non-Threatened and Non-Endangered Species

Two of the seven species of mysticetes known to occur in the Gulf are not currently listed
as threatened or endangered. With the exception of the sperm whale, none of the odontocetes
known to occur in the Gulf are currently listed as endangered or threatened.

Cetaceans - Mysticetes

The minke whale (Balaenoptera acutorostrata) is widely distributed from tropica to
polar seas. Minke whales may be found offshore but appear to prefer coastal and inshore waters.
Their diet consists of invertebrates and fishes (Leatherwood and Reeves, 1983; Stewart and
Leatherwood, 1985; Jefferson et al., 1993; Whrsig et al., 2000). Sighting data suggest that
minke whales either migrate into Gulf waters in small numbers during the winter or, more likely,
that sighted individuals represent strays from low-latitude breeding grounds in the western North
Atlantic (Jefferson and Schiro, 1997; Daviset al., 1998, 2000).

The Bryde swhale (Balaenoptera edeni) is generally confined to tropical and subtropical
waters (i.e., between lat. 40° N. and lat. 40° S.). Unlike a few other baleen whales, it does not
have a well-defined breeding season in most areas; thus, calving may occur throughout the year.
The Bryde's whale is represented by more sighting records than any other species of baleen
whale in the Gulf. All Bryde's whale sightings made during the GulfCet | and |1 programs were
from the continental shelf edge in the vicinity of DeSoto Canyon and along the 100-m (328-ft)
isobath in the north-central Gulf. These data suggest that the Gulf may represent at least a
portion of the range of a dispersed, resident population of Bryde's whale (Jefferson and Schiro,
1997; Davis et al., 1998, 2000). Bryde's whales feed on both fishes and invertebrates
(Leatherwood and Reeves, 1983; Cummings, 1985; Jefferson et al., 1993).

Cetaceans - Odontocetes

Pygmy and Dwarf Sperm Whales

The pygmy sperm whale (Kogia breviceps) and its congener, the dwarf sperm whale (K.
simus) are known from deep waters in tropical to warm temperate zones (Jefferson and Schiro,
1997). They appear to be most common on the continental slope and along the shelf edge,
although field identification and differentiation of the two species is problematic. Little is
known of their natural history. Data collected from stomach contents of stranded individuals
suggest that these species feed on cephalopods, fishes, and crustaceans in deep water
(Leatherwood and Reeves, 1983; Jefferson et al., 1993). Kogia has been sighted throughout the
Gulf across a wide range of depths and bottom topographies, though they may be more
commonly associated with water mass fronts along the continental shelf edge break and upper
slope (Baumgartner, 1995).
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Beaked Whales

Two genera and four species of beaked whales are known to occur in the GOM. These
encompass 1) three species in the genus Mesoplodon (i.e., Sowerby’s beaked whale [M. bidens],
Blainville's beaked whale [M. densirostris], and Gervais beaked whale [M. europaeus]), and 2)
one species in the genus Ziphius, Cuvier's beaked whale (Ziphius cavirostris). Generally,
beaked whales appear to prefer deep water, though little is known of their respective life
histories. Stomach content analyses suggest that these whales feed primarily on deepwater
cephaopods, although they will also take fishes and some benthic invertebrates (L eatherwood
and Reeves, 1983; Jefferson et al., 1993). In the Gulf, beaked whales have been sighted at
depths between approximately 700 and 2,000 m (2,297 and 6,562 ft). Cuvier's beaked whale is
probably the most common beaked whale in the Gulf (Jefferson and Schiro, 1997; Davis et al.,
1998, 2000).

Delphinids

All remaining species of non-endangered and non-threatened cetaceans found in the Gulf
are members of the taxonomically diverse family Delphinidae. The pygmy killer whale (Feresa
attenuata) is apparently widely distributed in tropical waters, though little is known of its
biology or life history. Its diet includes cephalopods and fishes, though reports of attacks on
other delphinids have been reported (Leatherwood and Reeves, 1983; Jefferson et al., 1993).
The pygmy killer whale does not appear to be commonly found in the GOM. Sightings of this
species have been at depths of 500 to 1,000 m (1,641 to 3,281 ft) (Jefferson and Schiro, 1997;
Daviset al., 1998, 2000).

The short-finned pilot whale (Globicephala macrorhynchus) is found in warm temperate
to tropical waters of the world. Short-finned pilot whales feed primarily on cephalopods and
fishes. In the Gulf, it is most commonly sighted along the continental slope at depths of 250 to
2,000 m (Jefferson and Schiro, 1997; Davis et al., 1998, 2000).

The Risso’ sdolphin (Grampus griseus) is a pantropical species that inhabits deep oceanic
and continental slope waters. Risso’s dolphinsfeed primarily on cephalopods and secondarily on
fish and crustaceans (L eatherwood and Reeves, 1983; Jefferson et al., 1993; Baumgartner, 1997,
Whrsgig et al., 2000). In the Gulf, its distribution appears to be widespread at depths of 150 to
2,000 m (492 to 6,562 ft), with aggregations sighted in areas along the upper continental slope
with steep bottom topography (Baumgartner, 1995).

The Fraser’s dolphin (Lagenodelphis hosei) has a pantropical distribution in oceanic
waters and nearshore in areas where deep water approaches the coast. Fraser’s dolphins feed on
fishes, cephalopods, and crustaceans (Leatherwood and Reeves, 1983; Jefferson et al., 1993;
Jefferson and Schiro, 1997). Fraser’s dolphins have been sighted in the western and eastern Gulf
at depths of around 1,000 m (3,281 ft) (Leatherwood et al., 1993; Jefferson and Schiro, 1997,
Daviset al., 2000).

The killer whale (Orcinus orca) is one of the most cosmopolitan of all of the delphinids.
Generally, they appear to prefer nearshore, cold temperate to subpolar zones. Killer whales feed
on marine mammals, marine birds, fishes, sea turtles, and cephalopods (Leatherwood and
Reeves, 1983; Jefferson et al., 1993). In the Gulf, most sightings of killer whales have been
along the continental slope, within a broad area of the north-central Gulf (Jefferson and Schiro,
1997; O’ Sullivan and Mullin, 1997).
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The melon-headed whale (Peponocephala electra) is a deepwater, pantropical species. It
is known to feed on cephalopods and fishes (Leatherwood and Reeves, 1983; Jefferson et al.,
1993; Mullin et al., 1994c; Jefferson and Schiro, 1997). Sightings of this species in the Gulf
have been primarily in continental slope waters west of the Mississippi River (Jefferson and
Schiro, 1997; Daviset al., 1998, 2000).

The false killer whale (Pseudorca crassidens) is found in tropical to warm temperate
zones in deep offshore waters. It feeds on primarily fishes and cephal opods, although it has been
known to also feed on cetaceans (L eatherwood and Reeves, 1983; Jefferson et al., 1993). In the
Gulf, most sightings of false killer whales have occurred along the continental slope, although
some have been sighted in shallower shelf waters (Daviset al., 1998).

The pantropical spotted dolphin (Stenella attenuata) is a tropical species known from the
Atlantic, Pacific, and Indian Oceans. It is known to feed on epipelagic fishes and cephal opods
(Leatherwood and Reeves, 1983; Jefferson et al., 1993). The pantropical spotted dolphin is the
most common and abundant cetacean on the slope, especially outer slope waters of the Gulf at
depths greater than 1,200 m (3,937 ft) (Davis and Fargion, 1996; Jefferson and Schiro, 1997).

The rough-toothed dolphin (Steno bredanensis) is a circumtropical and subtropical
species that feeds on cephalopods and fishes (Leatherwood and Reeves, 1983; Jefferson et al.,
1993). Inthe Gulf, they are sighted almost exclusively west of the Mississippi River at depths of
900 to 2,000 m (2,953 to 6,562 ft), and occur year-round (Davis et al., 1998; Jefferson and
Schiro, 1997).

The Clymene dolphin (Stenella clymene) is endemic to the Atlantic and found only in
tropical and subtropical waters. This species appears to feed on fishes and cephalopods
(Leatherwood and Reeves, 1983; Jefferson et al., 1993; Mullin et al., 1994a). Data suggest that
Clymene dolphins are widespread within deeper Gulf waters (i.e., shelf edge and slope) (Davis et
al., 2000; Whrsig et al., 2000).

The striped dolphin (Stenella coeruleoalba) is primarily atropical species, though it may
also range into temperate seas. Striped dolphins are known to feed on cephalopods and fishes.
In the Gulf, they are found offshore of the shelf edge, at depths of >200 m (<656 ft) (Jefferson
and Schiro, 1997; Daviset al., 2000; Whrsig et al., 2000).

The Atlantic spotted dolphin (Stenella frontalis) is endemic to the Atlantic within tropical
to temperate waters. They are known to feed on a wide variety of fishes and cephalopods
(Leatherwood and Reeves, 1983; Jefferson et al., 1993). The Atlantic spotted dolphin is the only
other species of cetacean (other than the bottlenose dolphin) that commonly occurs on the
continental shelf of the GOM (Davis and Fargion, 1996; Jefferson and Schiro, 1997). Previous
Gulf surveys sighted the Atlantic spotted dolphin primarily on the continental shelf and shelf
edge at depths less than 250 m (820 ft), although some individuals were sighted along the slope
at depths of up to approximately 600 m (1,969 ft) (Daviset al., 1998).

The spinner dolphin (Senella longirostris) is a pantropical species (Jefferson and Schiro,
1997). Spinner dolphins appear to feed on fishes and cephalopods (Whrsig et al., 2000). In the
Gulf, most sightings of spinner dolphins have been east of the Mississippi River at depths of 500
to 1,800 m (1,641 to 5,906 ft) (Jefferson and Schiro, 1997; Daviset al., 2000).

The bottlenose dolphin (Tursiops truncatus) is a common inhabitant of the continental
shelf and upper slope waters of the Gulf. Sightings of this species in the Gulf are rare beyond
approximately 1,200 m (3,937 ft) (Mullin et al., 1994b; Jefferson and Schiro, 1997; Daviset al.,
2000). Opportunistic feeders, they prey on awide variety of species (Davis and Fargion, 1996;
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Jefferson and Schiro, 1997). Current data suggest that there are genetically discrete inshore and
offshore populations of bottlenose dolphins.

3.2.3.2 Threatened and Endangered Species

Five mysticete (or baleen) whales (the northern right, blue, fin, sei, and humpback), one
odontocete (or toothed) whale (the sperm whale), and two subspecies of one sirenian (the West
Indian manatee) occur or have been reported in the GOM and are currently listed as endangered
species. No listed mysticetes (baleen whales) normally occur in the Gulf (Jefferson and Schiro,
1997). Sperm whales are common and perhaps a resident species in certain deepwater areas of
the Gulf. The West Indian manatee (Trichechus manatus) inhabits only coastal marine, brackish,
and freshwater habitats.

Cetaceans - Mysticetes

The northern right whale (Eubalaena glacialis) inhabits primarily temperate and subpolar
waters. The western North Atlantic population ranges between the Maritime Provinces of
eastern Canada to northeastern Florida. Right whales forage primarily on subsurface and
localized concentrations of zooplankton such as calanoid copepods (L eatherwood and Reeves,
1983; Jefferson et al., 1993). Sparse, historical sightings and stranding records suggest that this
species is not a normal inhabitant of the GOM. Records that do exist are considered to be those
of extralimital strays from their wintering grounds off the southeastern United States (Jefferson
and Schiro, 1997).

The sei whale (Balaenoptera borealis) is an oceanic species that is not commonly sighted
near the coast. They occur from the tropics to polar zones in both hemispheres, but appear to be
more common in mid-latitude temperate zones. Sei whales feed on localized concentrations of
zooplankton, small fishes, and cephalopods (Gambell, 1985; Jefferson et al., 1993). Sparse
sighting data in the GOM suggest that their presence there is rare, or of accidental occurrence
(Jefferson and Schiro, 1997).

The blue whale (Balaenoptera musculus) is an oceanic species that moves into shallower
habitats to feed. Blue whales are distributed from the equator to polar regions of both
hemispheres. Blue whales feed ailmost exclusively on localized concentrations of zooplankton
(Yochem and Leatherwood, 1985; Jefferson et al., 1993). Their presence in the GOM is
considered to be very rare, as sighting records consist of two stranded individuals on the Texas
coast and two non-confirmed sightings (Jefferson and Schiro, 1997).

The fin whale (Balaenoptera physalus) is also an oceanic species of both hemispheres,
and may be found from the tropics to polar zones. They are sighted near the coast in certain
areas where deep water approaches the coast. Fin whales feed on localized concentrations of
zooplankton, fishes, and cephaopods (Leatherwood and Reeves, 1983; Jefferson et al., 1993).
Their presence in the GOM is considered to be uncommon to rare. Sparse sighting data on this
species suggest that individuals in the Gulf may be extralimital strays from their western Atlantic
population (Jefferson and Schiro, 1997; Whrsig et al., 2000).

The humpback whale (Megaptera novaeangliae) feeds and breeds in coastal waters and
migrates from its tropical breeding areas to polar or sub-polar regions. Humpback whales feed
on localized concentrations of zooplankton and fishes (Winn and Reichley, 1985; Jefferson et al.,
1993). Humpback whales sighted in the GOM may be extralimital strays during their breeding
season or during their migrations (Whrsig et al., 2000).
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Cetaceans - Odontocetes

The sperm whale (Physeter macrocephalus) is the largest toothed whale and is distributed
from the tropics to polar zones in both hemispheres. They are deep-diving mammals and inhabit
oceanic waters, although they may come close to shore in certain areas where deep water
approaches the coast. Sperm whales are known to feed on cephalopods, demersal fishes, and
benthic invertebrates (Rice, 1989; Jefferson et al., 1993). The sperm whale is the only great
whale that is considered to be common in the GOM (Jefferson and Schiro, 1997). Sighting data
suggest a Gulf-wide distribution on the slope. Congregations of sperm whales are commonly
found in waters over the shelf edge in the vicinity of the Mississippi River deltain water depths
of 500 to 2,000 m (1,641 to 6,562 ft). From these consistent sightings, it is believed that thereis
a resident population of sperm whales in the Gulf consisting of adult females, calves, and
immature individuals (Mullin et al., 1994b; Davis and Fargion, 1996; Sparks et al., 1996;
Jefferson and Schiro, 1997; Daviset al., 2000). Recent minimum population estimates of sperm
whales in the entire GOM totaled 411 individuals, as cited in the NMFS stock assessment report
for 1996 (Waring et al., 1997). Subsequent abundance estimates of sperm whalesin the “oceanic
northern GOM” survey areatotalled 387 individuals (Daviset al., 2000).

Sirenians

The West Indian manatee (Trichechus manatus) is the only sirenian found in tropical and
subtropical coastal waters of the southeastern United States, GOM, Caribbean Sea, and Atlantic
coast of northern and northeastern South America (Reeves et al., 1992; Jefferson et al., 1993,
O’ Sheaet al., 1995). There are two subspecies of the West Indian manatee: the Florida manatee
(T. m. latirostris), which ranges from the northern GOM to Virginia; and the Antillean manatee
(T. m. manatus), which ranges from northern Mexico to eastern Brazil, including the islands of
the Caribbean Sea. The West Indian manatee typically ranges no further north than the Suwanee
River in northwest Florida, though individuals are occasionally found asfar west as Texas. West
Indian manatees are herbivorous, feeding on aguatic plants.

Distributions of Cetaceans within Offshore Waters of the Northern GOM

Factors that may influence the spatial and temporal distribution and abundance of
cetaceans may be environmental, biotic, or anthropogenic. Environmental factors encompass
those that are physiochemical, climatological, or geomorphological. Biotic factors include the
distribution and abundance of prey, inter- and intra-specific competition, reproduction, natural
mortality, catastrophic events (e.g., die offs), and predation (Davis et al., 1998). Anthropogenic
factors include such items as historical hunting pressure (in some species), pollution, habitat 1oss
and degradation, shipping traffic, recreational and commercial fishing, oil and gas devel opment
and production, and seismic exploration (USDOI, MMS, 1997b).

Within the northern GOM, many of the aforementioned environmental and biotic factors
are strongly influenced by various circulation patterns. These patterns are generally driven by
river discharge, wind stress, and the Loop Current. The major river system in this area is the
Mississippi-Atchafalaya. Most of the river discharge into the northern Gulf is transported to the
west and along the coast. Circulation on the continental shelf is largely wind-driven, with
localized effects from fresh water (i.e., riverine) discharge. Beyond the shelf, mesoscale
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circulation is largely driven by the Loop Current in the eastern Gulf. Meanders of the Loop
Current create warm-core anticyclonic eddies (anticyclones) once or twice annually that migrate
westward. The anticyclones in turn spawn cold-core cyclonic eddies (cyclones). Together,
anticyclones and cyclones govern the circulation of the continental slope in the central and
western Gulf. The Loop Current and anticyclones are dynamic features that transport large
quantities of high-salinity, nutrient-poor water across the near-surface waters of the northern
Gulf. Cyclones, in contrast, contain high concentrations of nutrients and stimulate localized
production. The combination of input of nutrients into the Gulf from river outflow and
mesoscale circulation features enhances productivity, and thus the abundance, of cetacean prey
species such as fishes and cephalopods within the Gulf. The dynamics of these oceanographic
features in turn affect the spatial and temporal distribution of prey species and ultimately
influence cetacean diversity, abundance, and distribution (Mullin et al., 1994b; Davis et al.,
2000).

Studies conducted during the GulfCet | program demonstrated correlation of cetacean
distribution patterns with certain geomorphic features such as bottom depth or topographic relief.
These studies suggested that bottom depth was the most important variable in habitat partitioning
among cetacean species in the northern Gulf (Baumgartner, 1995; Davis et al., 1998). For
example, GulfCet | surveys, aong with other surveys (such as the subsequent GulfCet 1l
program) and opportunistic sightings of cetaceans within the U.S. GOM, found that only the
Atlantic spotted dolphin and the coastal form of the bottlenose dol phin were common inhabitants
of the continental shelf. The remaining species of cetaceans known to regularly occur in the
Gulf (with possible exception of the Bryde's whale) were sighted on the continental slope
(Mullin et al., 1994b; Jefferson, 1995; Daviset al., 1998, 2000). During the GulfCet Il program,
the most commonly sighted cetaceans on the continental slope were bottlenose dolphins (pelagic
form), pantropical spotted dolphins, Risso’s dolphins, and dwarf/pygmy sperm whales. The
most abundant species on the slope were pantropical spotted and spinner dolphins. Sperm
whales sighted during GulfCet Il surveys were found almost entirely in the north-central and
northeastern Gulf, and near the 1,000-m (3,281-ft) isobath on the continental slope (Davis et al.,
2000).

An objective of the GulfCet Il program was to correlate a number of environmental
parameters such as selected hydrographic features with cetacean sighting data in an effort to
characterize cetacean habitats in the GOM (Davis et al., 2000). From GulfCet Il surveys,
sightings of cetaceans along the slope were concentrated in cyclones where production (in this
case, measured chlorophyll concentration) was elevated; increased primary production within
these cyclonic features enhances secondary production, including preferred prey items.
Sightings of these deepwater species, however, were much less frequent in water depths greater
than 2,000 m (6,562 ft) and in anticyclones. Sperm whales tended to occur along the mid-to-
lower slope, near the mouth of the Mississippi River and, in some areas, in cyclones and zones of
confluence between cyclones and anticyclones. From these data, it was suggested that the
greater densities of cetaceans sighted along the continental slope, rather than abyssal areas, of the
northern Gulf probably result from localized conditions of enhanced productivity, especially
along the upper slope, and as a result of the collisions of mesoscale eddies with the continental
margin (Daviset al., 2000).

In the north-central Gulf, the relatively narrow continental shelf south of the Mississippi
River delta may be an additional factor affecting cetacean distribution, especially in the case of
sperm whales (Davis et al., 2000). Outflow from the Mississippi River mouth transports large
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volumes of low salinity, nutrient-rich water southward across the continental shelf and over the
dope. River outflow may also be entrained within the confluence of a cyclone-anticyclone eddy
pair and transported beyond the continental slope. In either case, thisinput of nutrient-rich water
leads to a localized deepwater environment with enhanced productivity and may explain the
presence of aresident population of sperm whales within 50 km (31 mi) of the Mississippi River
deltain the vicinity of the Mississippi Canyon.

Temporal variability in the distribution of cetaceans in the northern GOM may also be
primarily dependent upon the extent of river discharge and the presence and dynamic nature of
mesoscale hydrographic features such as cyclones. Consequently, the distribution of cetacean
species will change in response to the movement of prey species associated with these
hydrographic features. GulfCet | and Il survey data determined that most of the cetacean species
that were routinely or commonly sighted in the northern Gulf apparently occur in these waters
throughout the year, although seasonal abundance of certain species or species assemblages in
slope waters may vary at least regionally (Baumgartner, 1995; Daviset al., 1998, 2000).

3.2.4 Sea Turtles

Of the seven or eight extant species of seaturtles, five are known to inhabit the waters of
the GOM (Pritchard, 1997): the green turtle, the loggerhead, the hawksbill, the Kemp's ridley,
and the leatherback (table 3-12).

As a group, sea turtles possess elongated, paddlelike forelimbs that are substantially
modified for swimming and shells that are depressed and streamlined (Marquez, 1990; Ernst et
al., 1994; Pritchard, 1997). They depend on land only during the reproduction period, when
females emerge to nest on sandy beaches. They are long-lived and slow-maturing. Generadly,
their distributions are primarily circumtropical, although the various species differ widely in their
seasonal cycles, geographical ranges, and behavior. There are also considerable differences in
behavior among populations of the same species (Marquez, 1990).

Most sea turtles (except perhaps the leatherback) exhibit differential distributions among
their various life stages - hatchling, juvenile, and adult (Marquez, 1990; Musick and Limpus,
1997; Hirth, 1997). After reaching the sea, hatchling turtles actively swim directly away from
the nesting beach until they encounter zones of water mass convergence and/or sargassum rafts
that are rich in prey and provide shelter (NMFS and USFWS, 1991ab; NMFS and USFWS,
1992a; Hirth, 1997). Most then undergo a passive migration, drifting pelagically within
prevailing current systems such as oceanic gyres. After a period of years (the number varies
among species), the juveniles actively move into neritic developmental habitats. When
approaching maturity, subadult juvenile turtles move into adult foraging habitats, which in some
populations are geographically distinct from their juvenile developmental habitats (Musick and
Limpus, 1997).

All sea turtle species that inhabit the Gulf are listed as either endangered or threatened
under the authority of the Endangered Species Act of 1973 (Pritchard, 1997). It is believed that
human activities are the cause of the collapse of sea turtle numbers. These activities impact
every stage of their life cycle and encompass 1) the loss of nesting beach and foraging habitats;
2) harvesting of eggs and adults for consumption; 3) incidental mortalities at sea through pelagic
and ground fishing practices, and 4) harm or mortality from increasing loads of non-
biodegradable waste and pollutants (L utcavage et al., 1997).

The loggerhead (Caretta caretta) is alarge sea turtle that inhabits the continental shelves
and estuaries of temperate and tropical environments of the Atlantic, Pacific, and Indian Oceans.
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Table 3-12

Sea Turtles of the Gulf of Mexico

Family Cheloniidae

Loggerhead turtle (Caretta caretta) (T)

Green turtle (Chelonia mydas) (MIE)

Hawksbill turtle (Eretmochelys imbricata) (E)

Kemp’sridley turtle (Lepidochelys kempi) (E)

Family Dermochelyidae

L eatherback turtle (Dermochelys coriacea) (E)

Key:

(E) = Currently listed as endangered under the Endangered Species Act of 1973.
(T) = Currently listed as threatened under the Endangered Species Act of 1973.
(E*) = Listed asendangered in the State of Florida.
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This species typically wanders widely throughout the marine waters of its range and is capable of
living in varied environments for a relatively long time (Marquez, 1990; NMFS and USFWS,
1991b; Ernst et al., 1994). They may remain dormant during winter months, buried in
moderately deep, muddy bottoms (Marquez, 1990). Loggerheads are carnivorous and, though
considered primarily predators of benthic invertebrates, are facultative feeders over a wide range
of food items (Ernst et al., 1994). Loggerheads are considered to be the most abundant sea turtle
in the GOM (Dodd, 1988). Loggerhead nesting along the Gulf Coast occurs primarily along the
Florida panhandle, although some nesting also has been reported from Texas through Alabama
(NMFS and USFWS, 1991b). Theloggerhead is currently listed as a threatened species.

The green turtle (Chelonia mydas) is the largest hardshell turtle and considered to be a
circumglobal species. They are commonly found throughout the tropics and as stragglersin afar
more extensive area, generally between lat. 40° N. and lat. 40° S. (NMFS and USFWS, 19914
Hirth, 1997). In the continental U.S,, they are found from Texas to Massachusetts. Green turtles
are omnivorous, adults prefer feeding on plants, but juveniles and hatchlings are more
carnivorous (Ernst et al., 1994; Hirth, 1997). The adult feeding habitats are beds or pastures of
seagrasses and algae in relatively shallow, protected waters; juveniles may forage in areas such
as coral reefs, emergent rocky bottom, sargassum mats, and in lagoons and bays. Movements
between principal foraging areas and nesting beaches can be extensive, with some populations
regularly carrying out transoceanic migrations (NMFS and USFWS, 1991a; Ernst et al., 1994,
Hirth, 1997). Green turtles occur in some numbers over grass beds along the south Texas coast
and the Florida Gulf Coast. Reports of nesting along the GOM coast are infrequent, and the
closest important nesting aggregations are along the east coast of Florida and the Y ucatan
Peninsula (NMFS and USFWS, 19914). The green turtle is currently listed internationaly as a
threatened species and as an endangered species in the State of Florida.

The hawksbill (Eretmochelys imbricata) is a small to medium-sized sea turtle that occurs
in tropical to subtropical seas of the Atlantic, Pacific, and Indian Oceans. In the continental U.S.,
the hawksbill has been recorded in all the Gulf States and along the Atlantic coast from Florida
to Massachusetts, although sightings north of Florida are rare. They are considered to be the
most tropical of all seaturtles and the least commonly reported sea turtle in the GOM (Marquez,
1990; Hildebrand, 1995). Coral reefs are generally recognized as the resident foraging habitat
for juveniles and adults. Adult hawksbills feed primarily on sponges and demonstrate a high
degree of selectivity, feeding on a relatively limited number of sponge species, primarily
demosponges (Ernst et al., 1994). Nesting within the continental U.S. is limited to southeastern
Florida and the Florida Keys. Juvenile hawksbills show evidence of residency on specific
foraging grounds, although some migrations may occur (NMFS and USFWS, 1993). Some
populations of adult hawksbills undertake reproductive migrations between foraging grounds and
nesting beaches (Marquez, 1990; Ernst et al., 1994). The hawksbill is presently listed as an
endangered species.

The Kemp’s ridley (Lepidochelys kempi) is the smallest sea turtle. This species occurs
mainly in the GOM and along the northwestern Atlantic coast as far north as Newfoundland.
Juveniles and adults are typically found in shalow areas with sandy or muddy bottoms,
especialy in areas of seagrass habitat. Kemp's ridleys are carnivorous and feed primarily on
crabs, though they also feed on a wide variety of other prey items as well (Marquez, 1990;
NMFS and USFWS, 1992a; Ernst et al., 1994). The mgor Kemp's ridley nesting area is near
Rancho Nuevo, along the northeastern coast of Mexico (Tamaulipas), athough scattered nests
have also been reported in other areas of Mexico and in Texas (e.g., within the Padre Island
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National Seashore), Colombia, Florida, and South Carolina (NMFS and USFWS, 1992a; Ernst et
al., 1994). Adult Kemp's ridleys exhibit extensive internesting movements but appear to travel
near the coast, especially within shallow waters along the Louisiana coast. The Kemp’sridley is
currently listed as an endangered species.

The leatherback (Dermochelys coriacea) is the largest and most distinctive living sea
turtle. This species possesses a unique skeletal morphology, most evident in its flexible, ridged
carapace, and in cold water maintains a core body temperature several degrees above ambient.
They also have unique deep-diving abilities. This species is also the most pelagic and most
wide-ranging sea turtle, undertaking extensive migrations from the tropics to boreal waters.
Though considered pelagic, leatherbacks will occasionally enter the shallow waters of bays and
estuaries.  Leatherbacks feed primarily on gelatinous zooplankton such as jellyfish,
siphonophores, and salps, though they may, perhaps secondarily, ingest some algae and
vertebrates (Ernst et al., 1994). Datafrom analyses of leatherback stomach contents suggest that
they may feed at the surface, nocturnally at depth within deep scattering layers, or in benthic
habitats. Florida is the only site in the continental U.S. where the leatherback regularly nests
(NMFS and USFWS, 1992b; Ernst et al., 1994; Meylan et al., 1995). The leatherback is
currently listed as an endangered species.

Distributions of Sea Turtles in the Offshore Waters of the Northern GOM

Surveys conducted during the GulfCet | and Il programs represent the most recent
assessments of sea turtle distribution and abundance within the oceanic northern GOM (Davis et
al.,, 1998, 2000). During these surveys, only three species of sea turtles were sighted:
loggerheads, Kemp’ sridleys, and |eatherbacks.

GulfCet | and Il surveys found the abundance of sea turtles in the GOM to be
considerable higher on the continental shelf and within the eastern Gulf, east of Mobile Bay
(Lohoefener et al., 1990; Davis et al., 2000). Kemp's ridleys were sighted only along the shelf.
The number of sightings of loggerheads were also found to be considerably higher on the
continental shelf than the slope. There were also sightings of individual loggerheads over very
deep waters (>1,000 m). The importance of the oceanic Gulf to loggerheads was not clear from
these surveys, though it was suggested that they may transit through these waters to distant
foraging sites or while seeking warmer waters during winter (Davis et al., 2000). From historic
sighting data, |eatherbacks appear to spatially utilize both shelf and slope habitats in the GOM
(Frittset al., 1983a,b; Collard, 1990; Daviset al., 1998). GulfCet | and Il surveys suggested that
the region from Mississippi Canyon to DeSoto Canyon, especially near the shelf edge, appearsto
be an important habitat for leatherbacks (Daviset al., 2000).

Seasonally, loggerheads were widely distributed across the shelf during both summer and
winter, though their abundance on the slope was considerably higher during winter surveys than
summer (Davis et al., 2000). Temporally, variability in leatherback distribution and abundance
suggest that specific areas may be important to this species, either seasonally or for short periods
of time. Overal, leatherbacks occurred in substantial numbers during both summer and winter
surveys, and the high variability in the relative numbers of individual leatherbacks sighted within
specific areas suggest that their distribution patterns were irruptive in nature (Daviset al., 2000).
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3.2.5 Coastal and Marine Birds

The distributions and populations of birds in offshore waters (i.e., outer continental shelf,
slope, and abyssal areas) of the central and western GOM are not well known, whereas coastal
and nearshore distributions have been studied more extensively. Generally, offshore waters are
inhabited by seabird species, both resident and migratory. The area is also seasonally traversed
by adiverse and sizeable array of migratory coastal bird and landbird species.

3.2.5.1 Non-Threatened and Non-Endangered Species

Three taxonomic orders of seabirds (defined as species that spend a large portion of their
lives on or over seawater) are found in the offshore waters of the central and western GOM: 1)
Procellariiformes (albatrosses, petrels, shearwaters, and storm-petrels); 2) Pelicaniformes
(frigatebirds, tropicbirds, gannets, and boobies); and 3) Charadriiformes (phalaropes, skuas and
jaegers, gulls, and terns) (Clapp et al., 1982ab,c; Harrison, 1983; Warham, 1990; Olsen and
Larsson, 1995; Peake et al., 1995; Harrison, 1996; Olsen and Larsson, 1997; National
Geographic Society, 1999). Species known to occur in these areas of the Gulf are listed in table
3-13.

GOM seabirds were categorized by Fritts and Reynolds (1981) according to their
seasonal and geographic presence and their migratory or resident status. Magjor categories
encompass summer migrant pelagics, summer residents, winter marine species, and permanent
residents. Summer migrant pelagic species are present in the Gulf during the summer but
primarily breed elsewhere. Examples include shearwaters, storm-petrels, boobies, tropichirds,
and black terns. Summer residents (i.e., seabirds that breed in the Gulf) include sooty terns, least
terns, and sandwich terns. Wintering marine birds include northern gannet, herring gulls, and
jaegers. Permanent residents include laughing gulls, royal terns, bridled terns, and magnificent
frigatebirds.

In contrast, near-coastal and inner continental shelf waters of the central and western Gulf
support a larger, more diverse compliment of bird species than offshore waters. These
encompass seabirds; shorebirds (i.e.,, members of the Order Charadriiformes, which outside of
their specific migratory pathways are generaly restricted to coastline margins); wading birds
(i.e., herons and egrets, ibises and spoonbills, and cranes); rails; and waterfowl (Clapp et al.,
1982a,b,c; Harrison, 1983; Olsen and Larsson, 1995; Peake et al., 1995; Harrison, 1996; Olsen
and Larsson, 1997; National Geographic Society, 1999). Many of these birds are migrants that
seasonally inhabit coastal waters, beaches, flats, sandbars, and wetland habitats.

The GOM is an important pathway for migratory birds. Most of the migrant birds
(especially passerines) that overwinter in the neotropics and breed in eastern North America
either directly cross the GOM or traverse the Gulf Coast or the Florida peninsula (Hagan and
Johnston, 1992). Radar studies indicate that the flight pathway of the maority of trans-Gulf
migrant birds during spring is directed toward the coastlines of Louisiana and eastern Texas. An
ongoing study conducted by Louisiana State University’s Museum of Natural Science
(LSUMNYS) is studying the use of offshore oil and gas production platforms by migrating birds
(other than seabirds) for rest or temporary shelter to avoid inclement weather. It is believed that
these platforms may serve as artificial islands for these species during their migrations (Bob
Russell, LSUMNH, pers. comm, 7 September 1999). These data are updated regularly and
published via email or on selected website addresses, including: 1) migrants@msn.com; 2)
migrants@hotmail.com; and 3) www.geocities.com/NapaV alley/8596/).
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Table 3-13

Seabirds of the Offshore Waters of the Gulf of Mexico (from: Clapp et al., 1983; Harrison, 1992,
1996; Olsen And Larsson, 1995, 1997; National Geographic Society, 1999)

Order Procellariiformes

Family Diomedeidae

Y ellow-nosed a batross (Diomedea chrysostoma)
Family Procellariidae

Cory’ sshearwater (Calonectris diomedea)
Black-capped petrel (Pterodroma hasitata)
Greater shearwater (Puffinus gravis)

Sooty shearwater (Puffinus griseus)
Audubon’ s shearwater (Puffinus Iherminieri)
Manx shearwater (Puffinus puffinus)

Family Hydrobatidae

Wilson's storm-petrel (Oceanites oceanicus)
Band-rumped storm-petrel (Oceanodroma castro)
Leach’s storm-petrel (Oceanodroma leucorhoa)
Order Pelicaniformes

Family Fregatidae

Magnificent frigatebird (Fregata magnificens)
Family Phaethontidae

Red-billed tropichird (Phaethon aethereus)
White-tailed tropicbird (Phaethon lepturus)
Family Sulidae

Northern gannet (Morus bassanus)

Masked booby (Sula dactylatra)

Brown booby (Sula leucogaster)

Red-footed booby (Sula sula)

Order Charadriiformes

Family Scolopacidae

Red phalarope (Phalaropus fulicaria)
Red-necked phalarope (Phalaropus lobatus)
Family Laridae

Black noddy (Anous minutus)

Brown noddy (Anous stolidus)

Black tern (Chlidonias niger)

Herring gull (Larus argentatus)

Laughing gull (Larus atricilla)

Ringed-bill gull (Larus delwarensis)

Lesser black-backed gull (Larus fuscus)
Glaucous gull (Larus hyperboreus)

Great black-backed gull (Larus marinus)
Bonaparte’ s gull (Larus philadelphia)
Franklin’s gull (Larus pipixcan)

Parasitic jaeger (Stercorarius parasiticus)
Long-tailed jaeger (Stercorarius longicaudus)
Pomarine jaeger (Stercorarius pomarinus)
Bridled tern (Sterna anaethetus)

Least tern (Sterna antillarum)

Caspian tern (Sterna caspia)

Roseate tern (Sterna dougallii)

Forster'stern (Sterna forsteri)

Sooty tern (Sterna fuscata)

Common tern (Serna hirundo)

Royal tern (Sterna maxima)

Gull-billed tern (Sterna nilotica)

Sandwich tern (Sterna sandvicensis)
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3.2.5.2 Threatened and Endangered Species

Most species of coastal and marine birds that occur in the central and western GOM and
are currently listed as endangered or threatened inhabit or frequent coastal areas and waters of
the inner continental shelf. These include the sandhill crane (Gulf Coast race) (Grus canadensis
pulla), piping plover (Charadrius melodus), eskimo curlew (Numenius borealis), brown pelican
(Pelicanus occidentalis), and bald eagle (Haliaeetus leucocephalus) (USFWS, 1998). Because
of their normal coastal or inner continental shelf ranges, these species are not expected to occur
in deepwater portions of the central and western GOM.

Distributions of Seabirds in Offshore Waters of the Northern GOM

Systematic survey data collected during the GulfCet | and Il programs represent the most
recent contributions toward the understanding of seabird distributions and abundances in the
offshore waters of the GOM (Davis et al., 1998, 2000). GulfCet | surveys were conducted
between the Alabama-Florida and Texas-Mexico borders, between the 100- and 2,000-m (328-
and 6,562-ft) isobaths. GulfCet Il surveyed the oceanic northern Gulf, the previous GulfCet |
survey area, and along the continental slope of the eastern Gulf.

Fourteen species represented over 99 percent of the total sightings made during the
GulfCet | survey program. In descending order of abundance, the principal species sighted were
terns, storm-petrels, jaegers, and laughing gulls (Larus atricilla). GulfCet | surveys found that
species groups and individual species of seabirds present in the GOM varied spatially and
seasonally, and that water depth appeared to substantially influence their distributions in the
central and western Gulf (Daviset al., 1998).

Subsequent GulfCet 11 surveys measured several environmental parameters along with
correlated sightings in an effort to analyze the affinities of seabird species for various
hydrographic environments (Davis et al., 2000). For example, certain seabird species groups
tended to be associated with oceanographic conditions of higher or, in some cases, lower sea
surface productivity. Further, all seabird groups generally tended to concentrate at fronts defined
by steep temperature gradients (Ribic et al., 1997). Generally, species diversity was highest
within cyclonic eddies and lowest on the continental shelf. Anaysis of GulfCet | and Il data
showed that seabird groups and individual species present in the GOM exhibited seasonal
patterns of shifting species abundances. Seasonally, survey data showed that species diversity
was greatest in spring and lowest in winter and fall, and that the sighting rate, or numbers of bird
sightings per day, was highest in summer and lowest in fall (Daviset al., 1998, 2000).

3.2.6 Fish Resources

Beyond the 200-m (656-ft) isobath, fish broadly associate with the pelagic or benthic
realms. Pelagic fishes may be further subdivided by their preferred position in the water column,
which leads to three primary groups: epipelagic, mesopelagic, and bathypelagic.

Epipelagic fishes inhabit the upper 200 m (656 ft) of the water column and include
several shark species (mako, silky, oceanic whitetip, and whale shark), billfishes (marlins,
sailfish, and swordfish), herrings, flyingfish, halfbeaks, opahs, oarfish, bluefish, scads, jacks,
pilotfish, dolphin, remoras, pomfrets, tunas, butterfish, and tetraodontiform fishes (molas and
triggerfish). A number of these species, including dolphin, sailfish, white marlin, blue marlin,
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and tunas, are important to commercial and recreational fisheries. Information on commercial
fisheries is provided in Section 3.3.1; this section also addresses Essential Fish Habitat (EFH), a
regulatory and legal requirement that has ramifications on select, managed fishery resources.

Epipelagic fishes in the Gulf are reportedly associated with mesoscale hydrographic
features such as fronts and eddies. Fishermen contend that yellowfin tuna aggregate near sea
surface temperature boundaries or frontal zones; however, Power and May (1991) found no
correlation between longline catches of yellowfin tuna and sea surface temperature in the GOM.
The occurrence of bluefin tuna larvae in the GOM associated with the Loop Current boundary
and the Mississippi River discharge plume is evidence that these species spawn in the Gulf
(Richards et al., 1989). All of the epipelagic species are migratory, but specific patterns are not
well understood. Many of the oceanic species associate with flotsam, which provides forage
areas and/or nursery refuge.

Floating sea weed (Sargassum), jellyfishes, siphonophores, and driftwood attract juvenile
and adult epipelagic fishes. Many species will associate with drifting objects. Larger predators
forage around flotsam. As many as 54 fish species are closely associated with floating
Sargassum at some point in their life cycle, but only two spend their entire lives there: the
sargassum fish and the sargassum pipefish (Adams, 1960; Dooley, 1972; Bortone et al., 1977).
Most fishes associated with Sargassum are temporary residents such as juvenile forms of species
that reside in shelf or coastal waters as adults (Dooley, 1972; Bortone et al., 1977; Moser et al.
1998). However, several larger species of recreational or commercial importance, including
dolphinfish, yellowfin tuna, blackfin tuna, skipjack tuna, Atlantic bonito, little tunny, and wahoo,
feed on the small fishes and invertebrates attracted to Sargassum (Manooch et al., 1983;
Manooch and Mason, 1984; Morgan et al., 1985).

Mesopelagic fishes assemblages in the GOM are numerically dominated by myctophids
(lanternfish), with gonostomatids (bristlemouths) and sternoptychids (hatchetfish) common but
less abundant in collections. Myctophids are small silver fishes that can be extremely abundant,
often responsible for the deep scattering layer in sonar images of the deep sea. Assemblages
have only been studied in the eastern GOM by Backus et al. (1977), Hopkins and Lancraft
(1984), Gartner et al. (1987), Sutton and Hopkins (1996), and Hopkinset al. (1997). Lanternfish
were most common in the catches by Backus et al. (1977) and Hopkins and Lancraft (1984).
Backus et al. (1977) analyzed lanternfish distribution in the western Atlantic Ocean and
recognized the GOM as a distinct zoogeographic province. Species with tropical and subtropical
affinities were most prevalent in the GOM lanternfish assemblage. Thiswas particularly true for
the eastern Gulf, where Loop Current effects on species distribution were most pronounced.

Gartner et al. (1987) sampled three stations in the northeastern Gulf, including one near
De Soto Canyon (29101#N, 87101#W). Forty-two of the 49 lanternfish species collected from
all stations were taken from the northeastern stations. The most abundant were similar to those
for the entire eastern Gulf. Ichthyoplankton collections from oceanic waters yielded higher
numbers of mesopelagic larvae than larvae of other species (Richards et al., 1989). Lanternfish
of the eastern Gulf generaly spawn year-round, with peak activity in spring and summer
(Gartner, 1993). Some lanternfish were reported by Darnell and Kleypas (1987) in trawl
collections from near the rim of De Soto Canyon.

Members of the mesopelagic group spend the daytime in depths of 200 to 1,000 m,
migrating vertically at night into food-rich, near-surface waters. Mesopelagic fishes, while less
commonly known, are important ecologically because they transfer substantial amounts of
energy between mesopelagic and epipelagic zones over each daily cycle. The lanternfishes are
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important prey for meso- and epipelagic predators, particularly the mesopelagic group of
stomiids (Hopkinset al., 1997).

Deeper-dwelling bathypelagic fishes occur in the water column at depths greater than
1,000 m and seldom migrate to shalower waters. This group is composed of bizarre, little
known species such as snipe eels, slickheads, deep-sea anglers, bigscales, and whalefish
(Helfman et al. 1997; McEachran and Fechhelm, 1998). Most species are capable of producing
and emitting light (i.e., bioluminescence) to aid in communicating in an environment devoid of
sunlight.

Fishes inhabiting the benthic realm are referred to as demersal because of their close
association with the substrate. Within the study area, the substrate is typically sty and
featureless offshore of the continental shelf of the GOM. Cutthroat eels, grenadiers, and cusk-
eels numerically dominate fish assemblages within this habitat.  Deepwater trawling
investigations indicate that species assemblages segregate with water depth along the continental
dope and rise (Pequegnat, 1983; Galaway and Kennicut, 1988; Pequegnat et al.,1990).
Pequegnat et al. (1990) established the following six depth zones for the megafauna (i.e.,
demersal fishes and large invertebrates) of the deep GOM:

Shelf/slope transition Zone (118 to 475 m [387 to 1,558 ft)]);
Archibenthal Zone-Horizon A (500 to 775 m [1,641 to 2,543 ft)]);
Archibenthal Zone-Horizon B (800 to 975 m [2,625 to 3,199 ft]);
Upper Abyssal Zone (1,000 to 2,275 m [3,281 to 7,464 ft));
Mesoabyssal Zone (2,300 to 3,225 m [7,546 to 10,581 ft]);
Lower Abyssal Zone (3,250 to 3,850 m [10,663 to 12,632 ft]).

The fish assemblage found in each zone is characterized by one or several common
species. In the Shelf/slope Transition Zone, the goby flathead (Bembrops gobioides), a batfish
(Dibranchus atlanticus), a grenadier (Coelorhincus caribbaeus), and a flatfish (Poeceliopsetta
beani) were most common. The Archibenthal Zone-Horizon A was characterized by two
grenadiers (Coelorhincus coelorhincus and Bathygadus macrops), whereas, the Archibenthal
Zone-Horizon B supported high numbers of two additional grenadier species (Nezumia aequalis
and Bathygadus melanobranchus). In the Upper Abyssal Zone, the dominant fish species was
Gadomus longifilis. The Mesoabyssal Zone supported a depauperate fish assemblage consisting
of only five species, including Dicrolene kanazawai and Basozetus normalis. The Lower
Abyssal Zone was depauperate, but supported a unique fish assemblage represented by
Barathronus bicolor and Bathytroctes macrolepis.

3.3 Other Relevant Activities and Resources

3.3.1 Commercial Fisheries

Commercial fisheries are very important to the economies of the Gulf coastal states
(Browder et al., 1991). In 1998, commercia fishery landings in the GOM, which includes the
waters off western Florida, Alabama, Mississippi, Louisiana, and Texas, totaled over 1.5 billion
pounds and were worth over $700 million (NMFS, 1999a). Of the individual states, Louisiana
led in total landings and value in 1998 with 1.1 billion pounds landed worth $291 million
(NMFS, 1999a). Mississippi was second with landings exceeding 210 million pounds worth $48
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million, followed by Texas with landings of 89 million pounds worth $183 million, Florida with
87 million pounds worth $148 million, and Alabama with 30 million pounds worth $46 million.
Most of these landings were of fishes and invertebrate species caught in estuarine, coastal, and
shelf waters of the region.

Commercial fishing in deeper waters (i.e., >200 m [656 ft]) of the GOM targets fewer
gpecies and produces landings that historically contribute less than one percent of the regiona
total weight and dollar value. These deepwater fisheries are specialized, involving gear and
methods that differ somewhat from their shallow-water counterparts. Species sought by
deepwater commercial fishers can be divided into three basic groups—epipelagic fishes, reef
fishes, and invertebrates. The subsections below describe the target species, fishing activities,
and recent landings trends.

Target Species

Epipelagic fishes found in the commercial catch include dolphin, sharks (i.e., mako,
silky, and thresher), snake mackerels (i.e., escolar and oilfish), swordfish, tunas (i.e., bigeye,
blackfin, bluefin, and yellowfin), and wahoo. These species are widespread in the oceanic
waters of the Gulf and are generally found in the upper 200 m (656 ft) of the water column.
Sharks, swordfish, and tunas are the most important fishery species and are currently managed as
aunit (Highly Migratory Species) by the NMFS (1999b).

Reef fishes typically caught in deepwater include groupers (snowy, Warsaw, and
yellowedge), snappers (queen and silk), and tilefish (blueline tilefish, goldface tilefish, and
tilefish). Tilefishes are not true reef fishes, given that they prefer level, clayey bottomsin 80 to
450 m (1,476 ft) water depths, not reefs or hard bottoms; however, tilefish have been classified
in this analysis according to GOM Fishery Management Council (GMFMC, 1981) guidelines.
These guidelines place tilefish within the Council's reef fishes management unit. Deepwater
snappers and groupers associate with hard-bottom outcrops in water depths ranging from 80 to
600 m (262 to 1,969 ft).

Deepwater invertebrates important to commercia fisheries in the GOM include royal red
shrimp and golden crab. Royal red shrimp occur over specific substrata in different areas of the
Gulf, including the blue-black terrigeneous silts and silty clays found off the Mississippi Delta
and the calcareous muds found off the Dry Tortugas (Roe, 1969; GMFMC, 1996). Peak
abundances of royal red shrimp in the GOM occur in depths ranging from 250 to 500 m (820 to
1,641 ft) (Roe, 1969). Golden crab occur in a similar depth range but prefer hard bottoms and
outcroppings such as the Florida Escarpment (Lindberg and L ockhart, 1993).

Types of Activity

Epipelagic fishes are primarily caught with drifting longlines fished in the upper water
column. Longlines consist of a monofilament mainline suspended in the water column by
regularly spaced buoys. Buoy lines are used to adjust the fishing depth of the mainline. Leaders
with baited hooks are attached along the length of the mainline as it is being deployed.
Mainlines range from 8 to 64 km (5 to 40 mi) in length and have 32 to 48 hooks per km (20 to 30
hooks per mile) (Berkeley et al., 1981; NMFS, 1999b). Longlines are often set near
oceanographic features such as fronts or areas of downwelling, often with the aid of
sophisticated onboard temperature sensors, depth finders, and positioning equipment.
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From 1994 to 1998, permitted longlines set in the GOM ranged from 40 to 103 km (25 to
64 mi) and averaged 60 km (37 mi). The number of sets per month ranged from 77 to 502 and
averaged 322. 1n 1998, the number of sets ranged from 77 to 391 and averaged 259. This year-
round fishery typically targets yellowfin tuna. The primary homeports for longline vessels are
Dulac and Venice, Louisiana, and Destin, Madiera Beach, and Panama City, Florida (Tanaguchi,
1987; NMFS, 1999h).

Deepwater demersal/reef fishes are caught with bottom longlines, traps, and hook-and-
line, with most of the landings being produced by bottom longlines. Bottom longlines are
similar to surface longlines except that bottom longlines are anchored to the seafloor and are
much shorter (usualy <2 km [1.2 mi]) than surface longlines (GMFMC, 1981).

Shrimp trawling is one of the most important commercial endeavors in the GOM.
However, most of the shrimp grounds lie well inshore of the 200-m (656-ft) isobath. Most
trawling for royal red shrimp occurs in water depths of 400 to 500 m (1,312 to 1,641 ft) offshore
of Florida, Alabama, and Texas (GMFMC, 1996). The trawling gear used to catch roya red
shrimp is very similar to that used to catch shallow-water shrimp. However, all components,
including winches, trawl doors, lines, and vessels must be heavier to accommodate the greater
depths involved. Golden crab gear consists of rectangular wire mesh traps attached in a series
along aweighted mainline (Otwell et al., 1984). Most of the Gulf fishing for golden crab occurs
offshore of western Florida.

Commercial Landings

Epipelagic fishes comprised most of the value and weight of deepwater landings in the
GOM during 1998 (NMFS, 1999c; tables 3-14 and 3-15). Y ellowfin tuna represented 55 percent
of the value and 47 percent of the weight of all deepwater species landed. Swordfish, dolphin,
and wahoo collectively accounted for another 19 percent of the value and 21 percent of the
weight. Louisianaand Florida led Gulf coastal statesin terms of value and weight of epipelagic
species landed, followed by Texas. Alabama and Mississippi reported no landings of epipelagic
fishesin 1998 (NMFS, 1999c).

Y ellowedge grouper, which accounted for 9.7 percent of the value and 8.8 percent of the
weight of deepwater species landed in 1998, dominated reef fish landings (NMFS, 1999¢). Two
tilefish species and snowy grouper contributed another five percent of the value and seven
percent of the weight, respectively, for deepwater species reported in 1998. Most 1998 catches
of reef fishes were landed in Louisiana and Florida. Alabama and Texas contributed little to
these landings, and Mississippi did not report any deepwater reef fish landingsin 1998.

Invertebrate landings for the Gulf Coast waters were restricted to specific states. A
majority of the royal red shrimp were landed off Alabama, where total 1998 landings weighed
123.5 metric tons (272,317.5 Ibs) and were valued at $586,575 (NMFS, 1999c). Florida and
Texas reported only small fractions of this amount during 1998. Florida was the only Gulf Coast
state to report catches of golden crab in 1998, landing 133 metric tons (293,265 |bs) valued at
$205,000 (NMFS, 1999c).
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Table 3-14

Dollar Value of Deepwater Species Landed off Gulf Coast Statesin 1998

State?
Species Alabama Florida Louisana  Texas Grand Total Percent
Epipelagic Fish
Tuna, yellowfin 1,233,884 7,338,444 691,142 9,263,470 554
Swordfish 924,546 1,335,696 166,690 2,426,932 145
Dolphin 494,432 71,054 5,595 571,081 34
Wahoo 67,432 143,740 4,611 215,783 13
Tuna, bluefin 7,316 113,605 120,921 0.7
Escolar 21,105 96,643 117,748 0.7
Tuna, bigeye 24,545 71,281 95,826 0.6
Tuna, blackfin 26,374 22,425 5,864 54,663 0.3
Shark, shortfin mako 15,315 32,911 48,226 0.3
Qilfish 11,855 22,332 34,187 0.2
Tunaunc 23,555 23,555 0.1
Shark, silky 3,177 3,177 0.0
Tuna, albacore 3,079 3,079 0.0
Shark, longfin mako 2,256 2,256 0.0
Shark, thresher 1,055 1,055 0.0
Tuna, skipjack 466 466 0.0
Reef Fishes
Grouper, yellowedge 1,277,115 254,121 93,160 1,624,396 9.7
Tilefish 269,540 53,062 38,725 361,327 22
Grouper, snowy 252,151 14,809 266,960 16
Snapper, silk 216,501 3,064 219,565 13
Grouper, warsaw 48,663 67,973 35,603 152,239 0.9
Tilefish, blueline 112,586 112,586 0.7
Speckled hind 85,537 85,537 0.5
Snapper, queen 37,801 23,181 60,982 04
Brotula, bearded 276 14,799 9,570 24,645 0.1
Barrelfish 6,194 6,194 0.0
Hake, Atlantic, red and white 1,715 1,715 0.0
Tilefish, goldface 1,439 1,439 0.0
Bass, longtail 591 591 0.0
Invertebrates
Shrimp, royal red 586,575 30,778 5,068 622,421 3.7
Crab, deepsea golden 205,440 205,440 12
GRAND TOTAL 586,851 5,388,607 9,704,309 1,048,714 16,728,481

Source; National Marine Fisheries Service, 1999c.

# No landings of deepwater species were reported by Mississippi.
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Table 3-15

Weight (metric tons) of Deepwater Species Landed off Gulf Coast Statesin 1998

States”
Grand

Species Alabama  Florida Louisana Texas Total Percent
Epipelagic Fish
Tuna, yellowfin 237.6 1,341.8 1374 1,716.8 47.0
Swordfish 162.1 306.2 412 509.5 14.0
Dolphin 157.8 30.7 24 190.9 52
Wahoo 17 62.6 2 81.6 22
Escolar 85 51.1 59.6 16
Shark, shortfin mako 6.1 358 419 11
Tuna, blackfin 124 209 29 36.2 1.0
Qilfish 4.8 101 149 0.4
Tuna, bluefin 13 12.2 135 0.4
Tuna, bigeye 44 8.9 133 04
Tuna,unc 57 57 0.2
Tuna, abacore 2.6 2.6 0.1
Shark, silky 23 23 0.1
Shark, longfin mako 14 14 0.0
Shark, thresher 1 1 0.0
Tuna, skipjack 0.5 0.5 0.0
Reef Fish
Grouper, yellowedge 252.7 46.2 20.8 319.7 8.8
Tilefish 104.6 171 144 136.1 3.7
Grouper, snowy 58.9 31 62 17
Tilefish, blueline 585 585 16
Snapper, silk 46.8 0.7 475 13
Grouper, warsaw 13.7 151 9.9 38.7 11
Speckled hind 226 226 0.6
Snapper, queen 85 54 139 04
Brotula, bearded 59 4.7 10.6 0.3
Barrelfish 17 17 0.0
Hake, Atlantic, red and white 0.9 0.9 0.0
Tilefish, goldface 0.6 0.6 0.0
Bass, longtail 0.2 0.2 0.0
Invertebrates
Shrimp, royal red 1235 9.7 12 134.4 3.7
Crab, deepsea golden 113 113 31
GRAND TOTAL 1235 1,3124 1,982.6 233.6 3,652.1

Source; National Marine Fisheries Service, 1999c.

& No landings were reported for Mississippi.
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Section 3.3.1

Essential Fish Habitat

Requlatory Framework for Essential Fish Habitat (EFH)

The Magnuson-Stevens Fishery Conservation and Management Act (16 U.S.C.
8§ 1801-1882) established regional Fishery Management Councils and mandated that Fishery
Management Plans (FMPs) be developed to responsibly manage exploited fish and invertebrate
species in Federal waters of the U.S. When Congress reauthorized the Act in 1996, several
reforms and changes were realized. For example, one change required the NMFS to designate
and conserve Essential Fish Habitat (EFH) for species managed under an existing FMP. The
intentions of such changes are to minimize, to the extent practicable, any adverse effects on
habitat caused by fishing or nonfishing activities and to identify other actions to encourage the
conservation and enhancement of such habitat.

The phrase “essential fish habitat” as defined in the Magnuson-Stevens Act encompasses
“those waters and substrate necessary to fishes for spawning, breeding, feeding, or growth to
maturity.” The interim final rules promulgated by the NMFS in 1997 (50 CFR Sections 600.805
- 600.930) further clarify EFH with the following definitions.

Waters. Aquatic areas and their associated physical, chemical, and biological
properties that are used by fishes and may include aguatic areas historically used by
fishes where appropriate;

Substrate. Sediment, hard bottom, and structures underlying the waters, as well as
associated biological communities,

Necessary. Refers to the habitat required to support a sustainable fishery and the
managed species contribution to a healthy ecosystem; and

Spawning, breeding, feeding, or growth to maturity. Refersto stages representing
aspecies full life cycle.

EFH Presence in the Central and Western GOM

EFH present within the central and western GOM fall under the jurisdiction of the Gulf
of Mexico Fishery Management Council (GMFMC). In addition to this regional council, the
NMFES Highly Migratory Species Management Division, Office of Sustainable Fisheries,
manages Atlantic tunas, swordfish, and sharks within a broad geographic region that
encompasses the GOM (NMFS, 1999b). Both documents were reviewed for this
characterization and assessment.

The FMP for the GOM was recently amended to address EFH for managed species
(GMFMC, 1998). This document was reviewed and has been summarized pertinent to EFH for
deepwater portions (i.e., >200 m [656 ft]) of the central and western GOM. The FMP provides
maps and tabular information on the geographical distribution of various life stages of managed
Species.

Table 3-16 lists species and life stages for each EFH that might be present both inshore
and beyond water depths of 200 m (656 ft) in the central and western GOM. For each species,
the table also indicates whether the habitat for the appropriate life stage is pelagic (i.e., water
column), soft bottom benthic, or hard bottom benthic. EFH designations are pending for several
species (e.g., royal red shrimp, golden crab, several grouper species) and have been established
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Table 3-16

Managed Species for Which Essential Fish Habitat has been Identified
in the Central and Western Gulf of Mexico
(from Gulf of Mexico Fishery Management Council, 1998;
National Marine Fisheries Service, 1999D).

Species Life Stages (Reproductive Activity) Habitat and Depth Range(s)
Invertebrates

Shrimp:

Brown shrimp Adults Soft bottom; <200 m
White shrimp Adults Soft bottom; <200 m
Pink shrimp Adults Soft bottom; <200 m
Crabs:

Stone crab Adults Hard bottom; <200 m
Fish @

Sharks:

Blacknose shark Adults Pelagic; <200 m
(Carcharhinus acronotus)

Silky shark All life stages Pelagic; >200 m
(Carcharhinus falciformis)

Bull shark All life stages Pelagic; <200 m
(Carcharhinusleucas)

Blacktip shark All life stages Pelagic; <200 m
(Carcharhinus limbatus)

Tiger shark Adults; Late juveniles/subadults Pelagic; <200 m
(Galeocerdo cuvier)

Lemon shark Adults Pelagic; <200 m
(Negaprion brevirostris)

Atlantic sharpnose shark Adults; Late juveniles/subadults Pelagic; <200 m
(Rhizoprionodon terraenovae)

Longfin mako shark All life stages Pelagic; >200 m
(I'surus paucus)

Bonnethead All life stages Pelagic; <200 m
(Sphyrna tiburo)

Scalloped hammerhead Adults Pelagic; <200 m
(Sphyrna lewini)

Sea basses:

Red grouper Adults Hard bottom; <200 m
(Epinephelus morio)

Gag (grouper) Adults Hard bottom;<200 m
(Mycteroperca microlepis)

Scamp Adults Hard bottom; <200 m
(Mycteroperca phenax)

Tilefishes:

Tilefish All life stages Soft bottom; >200 m
(Lopholatilus chamael eonticeps)

Cobias:

Cobia All life stages Pelagic;<200 m
(Rachycentron canadum)
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Table 3-16

Page 2 of 2

Managed Species for Which Essential Fish Habitat has been Identified

in the Central and Western Gulf of Mexico

(from Gulf of Mexico Fishery Management Council, 1998;

National Marine Fisheries Service, 1999D).

Species Life Stages (Reproductive Activity) Habitat and Depth Range(s)
Jacks:

Greater amberjack All life stages Pelagic/Hard bottom; <200
(Seriola dumerili) m; >200 m

Dolphins:

Dolphin All life stages (spawning area) Pelagic; <200 m; >200 m
(Coryphaena hippurus)

Snappers:

Red snapper Adults; juveniles/subadults Hard bottom; <200 m; >200
(Lutjanus campechanus) m

Gray snapper Adults Hard bottom; <200 m
(Lutjanus griseus)

L ane snapper Adults Hard bottom; <200 m
(Lutjanus synagris)

Drums:

Red drum Adults Soft bottom; <200 m
(Sciaenops ocellatus)

Mackeréls:

Skipjack tuna All life stages Pelagic; >200 m
(Katsuwonus pelamis) (spawning areq)

King mackerel Adults Pelagic; <200 m; >200 m
(Scomberomorus cavalla)

Spanish mackerel Adults Pelagic; <200 m
(Scomberomorus macul atus)

Y ellowfin tuna All life stages Pelagic; >200 m

(Thunnus albacares)
Bluefin tuna
(Thunnus thynnus)
Swordfishes:
Swordfish

(Xiphias gladius)
Leatherjackets:
Gray triggerfish
(Balistes capriscus)

(spawning areq)
Adults; Larvae and eggs
(spawning areq)

Adults; larvae and eggs
(spawning areq)

Adults

Pelagic; <200 m; >200 m

Pelagic; <200 m; >200 m

Hard bottom; <200 m

@ Fish species are listed in phylogenetic order.

Note: GMFMC continues to gather information on habitat requirements for managed deepwater species,
which are expected to be included under EFH provisionsin the near future (e.g., royal red shrimp,

Pleoticus robustus; golden crab, Chaceon quinquedens; yellowedge grouper, Epinephel us flavolimbatus;
Warsaw grouper, E. nigritus; snowy grouper, E. niveatus).

14:001000_ MMOL_00 05 00 T1346
T3 16.doc-4/12/00

3-104



Section 3.3.1 - Section 3.3.2

for 32 other fish and invertebrate species (GMFMC, 1998). For highly migratory species, EFH
was recognized for silky shark, tunas, and swordfish (NMFES, 1999b). For those species with
current EFH designations, the three shrimp species, tilefish, and red drum are soft bottom benthic
species with variable depth distributions (i.e., shrimp and red drum <200 m [656 ft]; tilefish
>200 m [>656 ft]). Stone crab, groupers, scamp, gray triggerfish, and snappers are benthic
species associated with hard-bottom habitats; depth ranges for these speciesis typically <200 m
(<656 ft); however, red snapper may be found in deeper water. Remaining fish species (e.g.,
sharks, cobia, mackerels) are pelagic species with varying depth distributions.

3.3.2 Social and Economic Environment
Geographic Considerations

The MMS Western and Centra GOM Planning Areas are adjacent to coastal Texas,
Louisiana, and Mississippi. An important task in the socioeconomic analysis is selection of
meaningful spatial units of analysis. Counties and county equivalents such as the parishes of
Louisiana are obvious candidates because they are recognized spatial units that are relatively
autonomous in political terms. In socioeconomic terms, however, counties can be less than
satisfactory choices because they rarely provide boundaries for socioeconomic behavior. In this
analysis, sets of counties were grouped in a very meaningful way: the extent of intercounty
commuting patterns. These labor market areas (LMAS) are commuting zones identified by
Tolbert and Sizer (1996). County-to-county flows of commuters from the 1990 Census were
analyzed with a hierarchical cluster algorithm. The results of the cluster analysis were used to
identify 741 commuting zones, or groups of counties, with strong commuting ties. Thirteen
commuting zones that span the Gulf Coast from the southern tip of Texas to easternmost
Mississippi and Alabama were used in this socioeconomic analysis. The LMASs characterized
are Brownsville, Corpus Christi, Victoria, Brazoria, Houston-Galveston, Beaumont-Port Arthur,
Lake Charles, Lafayette, Baton Rouge, Houma, New Orleans, Biloxi-Gulfport, and Mobile Bay.
The LMASs encompass both the large urban center counties and surrounding hinterland counties,
asindicated in figure 3-23. In this way, they represent regional economies bounded by journey-
to-work patterns.

3.3.2.1 Oil and Gas

The GOM region exhibits one of highest concentrations of oil axd gas activity in the
world. Given the dynamic and often volatile nature of oil and gas exploration and development
activities, oil and gas consumption rates, and international politics and finance, the domestic ail
and gas industry has realized moderate to severe fluctuations over the past several decades. EISs
developed for several recent MMS lease sales for the central and western Gulf region provide
abbreviated, concise synopses of historical trends in mobile rig utilization, leased acreage, and
oil and gas wellhead prices for the period 1974 to 1995, as well as OCS oil and gas production
figures for offshore Texas and Louisiana for the period 1954 to 1995 (USDOI, MMS, 1997b,
1998b). At present, industry streamlining (e.g., company reorganization, corporate acquisitions)
coupled with royalty relief and new exploration and extraction technologies has resulted in
renewed interest in offshore reserves. Most of the recent offshore activity has occurred off the
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Section 3.3.2

coasts of Texas and Louisiana, whileit is projected that most of the future activity will occur in
deeper OCS waters (e.g., >300 m [984 ft]) throughout the GOM (USDOI, MMS, 2000b).

The high level of oil and gas activity on the OCS and nearshore state or territorial waters
is supported by an extensive network of onshore support and service facilities. Refining,
separation, and processing facilities are present to handle natural gas and crude oil produced
offshore or tankered into Gulf Coast ports or viaLOOP. Offshore infrastructure includes oil and
gas platforms, pipelines, and terminas, which route their production to onshore facilities.
Support facilities include pipecoating and storage yards, support bases and airports, and platform
and ship fabrication yards. It is expected that future deepwater operations (including FPSOs)
will utilize, to the greatest extent possible, the existing infrastructure of support and service
facilities, as well as the extensive onshore transport, refining, and processing capabilities of the
Gulf Coast region.

3.3.2.2 Population, Labor, and Employment

The following section summarizes past historical trends in population, labor, and
employment for the Gulf Coast region of interest (i.e., Alabama, Louisiana, Mississippi, Texas),
with an emphasis on descriptions and socioeconomic profiles of the 13 LMAs. Consideration is
also given to regional trends as a basis for comparison. The historical discussion of population,
labor, and employment is followed by an analysis of future projections for these socioeconomic
components for the 2000 to 2020 time period.

Table 3-17 provides a basic population overview since the 1970 decennial population
census for the 13 LMAs employed in the current analysis. The bottom row of the table presents
total population figures for the Gulf Coast region. This is an area that saw a 27 percent
population increase between 1970 and 1980. This was followed by much more modest increase
of 10 percent between 1980 and 1990. Since the 1990 decennial census, the Bureau of the
Census estimates that the region’s population had grown 13 percent as of 1998, yielding a total
of nearly 11 million persons. Table 3-17 also shows overall population figures for the 13 LMAS
along the Gulf Coast. The areas exhibiting the most growth across the period are Brownsville,
Brazoria, and Houston-Galveston. Much of this growth is driven by expansion of the Hispanic
population in these areas. Other labor market areas exhibit slower growth; some even show
population declines between 1980 and 1990. This coincides with a major contraction in oil and
gas industry activity along the Gulf Coast. As the activity began to pick up again in the 1990s,
population expansion resumed yet again in the region.

Table 3-18 provides a general socioeconomic profile of the Gulf Coast region as awhole,
outlining age structure, race and ethnic composition, education, and employment by industrial
sector and occupational group. Inthe U.S,, it istypically the case that population age structures
reflect the prevailing presence of the Baby Boom generation. Thisis only somewhat the case for
the Gulf Coast region. Population growth has kept the lower age groups relatively constant in
size. While some aging of the population structure is evident, the increase from 1980 to 1990 in
the youngest cohort (i.e., ages 0 to 5) suggests that further growth isin the offing for the area.

A more distinctive trend is the changing race and ethnic composition of the region, which
has a longstanding tradition of cultural heterogeneity (Freudenburg and Gramling, 1994). While
the African-American population has remained relatively constant over time, the Hispanic
population nearly doubled (11 percent in 1970 versus 19 percent in 1990), and the white
population declined by nearly 10 percent. Interms of education, the region has exhibited a
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Table 3-17

Decennial Census Population Figures and Percent Change for Coastal Commuting Zones

Coastal Commuting Percent Percent Percent
Zone 1970 1980 Change 1990 Change 1998 Change
Brownsville 355,180 537,717 514 701,888 30.5 924,181  31.7
Corpus Christi 389,905 441,121 131 465,297 55 511,342 99
Victoria 125,896 144,833 150 149,963 3.5 162,403 8.3
Brazoria 172,954 247,657 43.2 268,590 85 308,433 148
Houston-Galveston 2,112,332 3,001,402 42.1 3,601,782 20.0 4,251,578 18.0
Beaumont-Port Arthur 409,262 460,162 124 453,230 -1.5 493,961 9.0
Lake Charles 280,639 313,284 116 321,386 2.6 328,434 2.2
L afayette 407,042 476,339 17.0 496,579 4.2 535059 7.7
Baton Rouge 533,221 672,081 26.0 709,562 5.6 770,723 8.6
Houma 225396 263,213 16.8 263,681 0.2 274,047 3.9
New Orleans 1,186,117 1,348,007 13.6 1,328,455 -1.5 1,352,504 1.8
Biloxi-Gulfport 296,851 368,852 24.3 388,725 54 440,657 134
Mobile 435,958 502,814 15.3 534,425 6.3 591,388  10.7
Tota 6,930,753 8,777,482 26.6 9,683,563 10.3 10,944,710 13.0
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Table 3-18

General Socioeconomic Profile of the Gulf Coast Region

Gulf Coast Summary 1970 1980 1990 1998
Population 6,494,795 8,274,668 9,149,138 10,944,710
Age Structure (%)

0-5 95 8.6 9.9
6-15 225 17.5 16.5
16- 17 6.2 5.6 31
18-24 11.7 13.7 10.3
25-34 12.7 17.6 179
35-44 115 11.3 15.2
45-54 104 9.5 9.9
55-64 8.0 7.9 7.6
65 + 7.4 8.3 9.6
Race and Ethnic Composition (%)

African American 213 20.7 20.7
Hispanic 10.8 14.7 18.8
White 68.0 64.7 60.5
Education of Persons Age 25+ (%)

0 - 8 years schooling 34.3 223 15.4
9 - 11 years schooling 20.7 16.2 16.2
High School graduates 24.8 30.0 29.0
13 -15 years schooling 10.0 154 19.9
College graduates 10.2 16.2 19.5
Labor Force Size

Civilian 2,404,436 3,759,135 4,115,971
Military 59,969 37,350 43,269
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 6.4 7.4 5.1
Construction 8.3 114 7.7
Business Services 3.2 5.2 5.2
Communications, Utilities 31 35 2.9
Nondurable Manufacturing 17.0 19.2 13.7
Durable Manufacturing 7.7 9.6 6.3
Finance, Insurance, Real Estate 4.3 6.3 6.0
Services 12.8 134 133
Wholesale, Retail Trade 20.2 24.0 22.1
Transportation 4.2 59 4.7
Employment by Occupation Group (%)

Management, Professional 10.3 12.1 14.1
Technical 18 4.0 49
Sdes 8.6 12.7 153
Clerical 19.2 19.9 19.0
Precision Craft 18.1 194 15.6
Operative, Transportation 12.7 8.0 6.2
Service, except household 16.1 14.1 16.4
Farming, Fishing, Forestry 31 25 2.6
Household Service 3.2 1.0 0.9
Laborers 7.0 6.3 5.1
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steady upgrading of skill levels, such that the number persons having attended or graduated from
college doubled between 1970 and 1990.

The civilian labor force in the region expanded substantially from 1970 to 1980 and more
modestly from 1980 to 1990. The largest industry sectors in terms of employment are services
and wholesale/retall trade. The most notable change in the occupation distribution is the
increased share for management and professional occupations. These overal trends vary
substantially from one labor market area to another. Profiles for each coastal LMA are analyzed
in the following sections.

Brownsville Labor Market Area

Situated with its sister city Matamoros, Mexico, in the rich, agricultural area known as
the Rio Grande Valley, Brownsville developed in the early part of this century as a maor
processing and shipping point for agricultural products (figure 3-23). More recently, with the
impetus of NAFTA, it has become a growth center for manufacturing employment.

As indicated in table 3-19, the Brownsville area has nearly tripled in population since
1970. Its age structure reflects a robust, growing area with youthful cohorts of constant sizes.
Distinctive in its racial and ethnic composition, Brownsville has the lowest proportion of
African-American residents of any of the coastal LMAs in this analysis. Moreover, as the only
border area, it has by far the highest Hispanic proportion. The Brownsville population exhibits
lower education levels than other coastal LMAS. Yet, its labor force more than doubled between
1970 and 1990. While the largest industrial sectors across time are wholesale/retail trade and
services, the manufacturing sector shows absolute growth from 1970 to 1990, which has been
vastly accelerated since with the advent of free trade in the 1990s. Over this same period,
manufacturing employment declined substantially on a national basis and to a certain extent
across the Gulf Coast area.

Net migration estimates have been derived from Bureau of the Census county data on
population estimates, births, and deaths. Combining this information provides an estimate of net
migration for the Gulf Coast LMAs. Figure 3-24 depicts these estimates for the Brownsville
LMA. Asthe fastest growing of the coastal LMAS, Brownsville exhibits positive net migration
throughout the 1970 to 1998 period. Obviously, many more persons are moving into the area
than are leaving.

Corpus Christi Labor Market Area

The largest city directly on the Texas Gulf Coast, Corpus Christi, developed as a
processing and distribution point for agricultural products (figure 3-23). Just offshore is Padre
Island, the longest barrier island off the U.S. and amajor tourist attraction.

Table 3-20 provides a socioeconomic profile of the Corpus Christi labor market area,
which has a population of more than one-half million according to 1998 estimates. In terms of
racial and ethnic composition, this south-Texas area exhibited a 10 percent increase in its
Hispanic population from 1970 to 1990. Conversely, the white population declined by 11
percent over the same period. Education attainment in this area by 1990 was dightly below
overall Gulf Coast region education levels. By the end of the 20-year period, the decennid
census data show the labor force approaching 200,000. Employment by industry sector in
Corpus Christi paralelsthat of the overal Gulf Coast region except that local manufacturing
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Table 3-19

Socioeconomic Profile of the Brownsville Labor Market Area

Brownsville Labor Market Area 1970 1980 1990 1998
Population 355,180 537,717 701,888 924,181
Age Structure (%)

0-5 109 104 111
6-15 258 220 20.9
16 - 17 74 6.5 43
18-24 109 11.8 11.2
25-34 10.0 145 14.6
35-44 104 94 128
45-54 9.0 8.6 8.1
55-64 7.5 74 6.9
65 + 8.1 9.3 10.0
Race and Ethnic Composition (%)

African American 0.2 0.2 0.2
Hispanic 42.0 494 52.3
White 57.8 50.4 47.5
Education of Persons Age 25+ (%)

0 - 8 years schooling 57.3 48.1 414
9 - 11 years schooling 111 10.7 13.3
High School graduates 16.5 19.3 20.2
13 -15 years schooling 7.9 115 134
College graduates 7.2 10.3 11.7
Labor Force Size

Civilian 100,435 180,414 225,208
Military 338 435 406
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 17.9 13.6 7.8
Construction 6.4 8.4 6.3
Business Services 27 4.3 4.8
Communications, Utilities 31 33 21
Nondurable Manufacturing 8.6 15.8 11.2
Durable Manufacturing 18 59 4.5
Finance, Insurance, Real Estate 31 5.1 4.4
Services 118 16.1 14.9
Wholesale, Retail Trade 26.3 29.5 25.1
Transportation 29 39 35
Employment by Occupation Group (%)

Management, Professional 104 9.1 10.2
Technical 0.5 23 26
Sdes 8.6 13.2 159
Clerical 153 16.9 16.9
Precision Craft 12.2 14.9 12.8
Operative, Transportation 12.6 10.0 8.1
Service, except household 13.7 15.4 17.9
Farming, Fishing, Forestry 16.6 10.1 8.0
Household Service 24 11 12
Laborers 7.6 7.0 6.3
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Table 3-20

Socioeconomic Profile of the Corpus Christi Labor Market Area

Corpus Christi Labor Market Area 1970 1980 1990 1998
Population 389,905 441,121 465,297 511,342
Age Structure (%)

0-5 9.6 9.2 9.9
6-15 231 18.3 174
16- 17 6.6 5.9 32
18-24 125 133 9.9
25-34 11.8 16.0 16.5
35-44 11.2 104 14.2
45-54 10.3 9.6 9.8
55-64 8.0 8.3 8.3
65 + 6.8 9.0 10.7
Race and Ethnic Composition (%)

African American 26 25 25
Hispanic 29.1 36.8 40.6
White 68.3 60.7 56.9
Education of Persons Age 25+ (%)

0 - 8 years schooling 37.3 29.2 20.2
9 - 11 years schooling 18.1 155 16.5
High School graduates 24.3 26.5 26.3
13 -15 years schooling 10.9 155 211
College graduates 9.4 13.3 15.9
Labor Force Size

Civilian 128,670 179,121 185,443
Military 7573 4,066 3,079
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 11.3 12.0 7.6
Construction 9.2 119 9.0
Business Services 33 5.1 49
Communications, Utilities 3.6 3.9 31
Nondurable Manufacturing 10.0 13.3 9.3
Durable Manufacturing 4.0 5.8 31
Finance, Insurance, Real Estate 4.3 6.0 5.1
Services 14.8 15.8 16.8
Wholesale, Retail Trade 225 25.3 22.6
Transportation 34 4.4 3.8
Employment by Occupation Group (%)

Management, Professional 10.8 10.7 11.6
Technical 14 34 4.0
Sdes 8.2 11.8 14.3
Clerical 179 18.3 17.0
Precision Craft 18.2 20.8 18.2
Operative, Transportation 10.8 6.6 4.7
Service, except household 17.0 15.8 19.8
Farming, Fishing, Forestry 4.9 4.0 3.8
Household Service 3.6 13 12
Laborers 7.1 7.1 5.2
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employment is somewhat lower. Occupational distributions, however, show a higher share of
precision craft and skilled jobsin Corpus Christi.

Figure 3-24 displays net migration data for the Corpus Christi labor market area. Two
periods of negative net migration (i.e., more out-migration than in-migration) are evident. One
occurred very early on in the 1970s. The other and more protracted episode of negative net
migration occurred between 1982 and 1988, coincident with a major contraction in oil and gas
industry activity along the Gulf Coast. The Corpus Christi area clearly recovered, as values are
mostly positive since 1989.

Victoria Labor Market Area

Like its neighboring labor market areas to the south, Victoria has a rich cultural tradition
rooted in its proximity to Mexico (figure 3-23). Modern Victoria, however, adds to this Hispanic
influence a growing petrochemical industry presence. Coupled with the development of these
industries is development of the deepwater port at Port Lavaca-Point Comfort and highway
expansion.

The socioeconomic profile of the Victoria labor market area in table 3-21 puts the
estimated 1998 population at just over 160,000. The higher age intervals indicate that the
population of the areais older on average than is the norm for the balance of the Gulf Coast |abor
market areas (e.g., compare to table 3-18). Barring new substantial in-migration, this portends a
slower rate of growth in the near-term for the Victorialabor market area.

The Victoria area’s racial composition is also somewhat at variance with the typical
composition of the Gulf Coast labor market areas. Though strikingly constant over time, the
percent of African-American residents is lower than the overall coastal figures. The percentage
of Hispanic residents is higher than the norm, as is the percentage of white residents. A
relatively larger agriculture, forestry, and mining sector is evident, though it has declined
somewhat over time. The largest occupational group at all decennial census time points is
precision craft. This signas the importance of skilled, blue-collar employment in the local
economy.

As figure 3-25 indicates, net migration into the Victoria labor market area was generally
positive from 1970 through 1997. The mid-1980s represent a clear exception, however, as
negative values were apparent from 1982 through 1988. Like Corpus Christi, these migration
data show a shift that coincides with an episode of contraction in the oil and gas industry.

Brazoria Labor Market Area

The Brazoria labor market area encompasses a loca economy driven by the
petrochemical industry. Situated between the Houston area and the less densely populated
Victoria labor market area (figure 3-23), the Brazoria area serves as a transition to the highly
urbanized labor markets of southeast Texas.

A socioeconomic profile of the Brazoria labor market area can be found in table 3-22.
Brazoria was a high-growth area over the 1970 to 1998 period relative to most other coastal 1abor
market areas. Its age structure mirrors the overall age structure for the coastal region (e.g.,
compare to table 3-18). Table 3-22 shows that the racial and ethnic composition of Brazoria
exhibits fewer African-Americans and more whites than the typical coastal labor market area,
while Brazoria's education levels typify the Gulf Coast region. Indicative of the presence of the
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Table 3-21

Socioeconomic Profile of the VictoriaLabor Market Area

Victoria Labor Market Area 1970 1980 1990 1998
Population 125,896 144,833 149,963 162,403
Age Structure (%)

0-5 8.3 8.3 9.2
6-15 223 16.6 16.6
16 - 17 6.2 55 31
18-24 91 12,0 7.9
25-34 10.7 14.9 151
35-44 111 10.3 14.2
45-54 11.3 9.9 10.1
55-64 9.7 9.7 9.2
65 + 113 126 14.6
Race and Ethnic Composition (%)

African American 7.1 6.4 6.1
Hispanic 18.6 224 24.7
White 74.3 71.2 69.2
Education of Persons Age 25+ (%)

0 - 8 years schooling 43.2 31.7 19.9
9 - 11 years schooling 19.6 17.9 18.0
High School graduates 219 275 31.0
13 -15 years schooling 8.1 12.9 18.8
College graduates 7.1 10.1 12.3
Labor Force Size

Civilian 44,175 62,514 62,741
Military 222 43 125
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 13.7 14.9 10.7
Construction 8.7 12.9 8.7
Business Services 24 31 4.0
Communications, Utilities 31 3.2 2.9
Nondurable Manufacturing 16.3 18.6 15.8
Durable Manufacturing 6.3 8.4 5.7
Finance, Insurance, Real Estate 3.2 47 5.1
Services 13.8 13.9 14.0
Wholesale, Retail Trade 19.9 23.8 216
Transportation 22 3.2 29
Employment by Occupation Group (%)

Management, Professional 8.2 8.3 9.6
Technical 15 35 4.2
Sdes 7.0 11.8 144
Clerica 13.2 14.8 151
Precision Craft 184 24.0 19.3
Operative, Transportation 15.4 85 7.8
Service, except household 16.5 145 16.7
Farming, Fishing, Forestry 95 6.5 6.7
Household Service 3.9 14 1.0
Laborers 6.5 6.7 5.2
14:001000 MMOL_00_05_00 T1346 3-115

T3_21.doc-12/14/00



Table 3-22

Socioeconomic Profile of the BrazoriaLabor Market Area

Brazoria Labor Market Area 1970 1980 1990 1998
Population 172,954 247,657 268,590 308,433
Age Structure (%)

0-5 94 8.3 10.1
6-15 21.6 16.8 15.7
16- 17 6.0 5.2 29
18-24 114 138 10.3
25-34 14.3 20.2 19.9
35-44 124 124 16.7
45-54 10.7 9.5 10.1
55-64 1.7 7.2 6.9
65 + 6.5 6.5 74
Race and Ethnic Composition (%)

African American 119 9.4 9.4
Hispanic 9.7 14.6 18.0
White 784 76.0 727
Education of Persons Age 25+ (%)

0 - 8 years schooling 31.3 210 13.0
9 - 11 years schooling 21.7 18.4 16.6
High School graduates 26.8 309 31.1
13 -15 years schooling 111 17.0 24.1
College graduates 9.1 12.7 15.2
Labor Force Size

Civilian 62,604 11,721 118,376
Military 111 84 179
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 11.2 9.4 6.3
Construction 111 18.1 10.1
Business Services 29 4.6 44
Communications, Utilities 2.4 3.0 41
Nondurable Manufacturing 216 24.3 20.8
Durable Manufacturing 5.3 7.2 6.3
Finance, Insurance, Real Estate 2.6 3.9 41
Services 12.9 12.3 12.9
Wholesale, Retail Trade 17.3 20.2 19.6
Transportation 2.6 3.7 3.6
Employment by Occupation Group (%)

Management, Professional 8.7 9.0 11.5
Technical 25 45 5.8
Sdes 55 104 11.8
Clerica 14.2 158 17.0
Precision Craft 218 26.7 211
Operative, Transportation 14.7 9.2 7.1
Service, except household 15.6 13.1 15.5
Farming, Fishing, Forestry 6.5 4.3 4.1
Household Service 35 0.9 0.7
Laborers 7.0 6.1 5.4
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Section 3.3.2

petrochemical industry, the Brazoria market has a much higher share (20 percent in 1990) of
nondurable manufacturing workers than is generally the case for the Gulf Coast (13 percent).
Further, there is a corresponding larger share of precision craft jobs.

Like the Victoria labor market area, net migration in the Brazoria labor market shows
clear out-migration during the oil and gas industry downturn of the mid-1980s (figure 3-25).
Prior to that, and unlike Victoria, Brazoria showed high in-migration that peaked about 1976,
followed by out-migration from 1984 to 1987. Positive net migration resumed in 1988 and
continued through the data series.

Houston-Galveston Labor Market Area

The Houston-Galveston labor market area (figure 3-23) has by far the largest population
of any of the Gulf Coast labor markets, as reflected in table 3-17. With the exception of the
Brownsville area, Houston-Galveston also exhibits the highest rate of population growth.
Though the local economy was driven for much of this century by industries related to oil and
gas exploration and production, the economy has diversified recently. Emerging sectors include
high technology (e.g., National Aeronautics and Space Administration), medical research and
health care delivery, and international exporting and importing. Recent data indicates that the
Port of Houston ranks as high as eighth in global shipping tonnage and leads all U.S. ports in
international tonnage.

Table 3-23 provides a socioeconomic profile for the Houston-Galveston labor market
area. Because this labor market represents nearly one-half of the coasta population being
analyzed, any departures from the overall trend indicate distinctive aspects of the Houston-
Galveston area. The core of the population age structure is in the middle years of the local
distribution. This is especialy evident in a comparison of the 55 and over age groups for
Houston-Galveston (i.e., 14 percent of the population) and for the combined coastal labor market
areas (i.e., 19 percent). Thisyounger population structure should fuel continued growth.

The racia and ethnic composition of the Houston labor market area, however, does more
closely parallel the overall coastal makeup. With respect to education levels, Houston-Galveston
diverges from the coastal norm to some extent. This is especialy apparent among individuals
with some college and those who are college graduates. Major industrial sectors in the Houston-
Galveston area largely parallel those of the coast as awhole. In terms of occupation groups, the
area shows a higher percentage of management and professional occupations, especially in 1980
and 1990. This reflects the centralization of headquarter operations, the expansion of the
massive medical center complex, and the development of opportunities for engineers, scientists,
and technical personnel.

It is expected that a major metropolitan area with a robust growth rate would exhibit
positive net migration in most years. The Houston-Galveston labor market areais no exception,
as reflected in figure 3-26. Only five years out of 27 show negative net migration. Those years
reflect the now familiar pattern observed in other coastal labor market areas. a sharp downturn
coinciding with a contraction in the oil and gas industry. For Houston, however, the recovery
was striking, and an upward trend in 1990s was a distinctive feature.
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Table 3-23

Socioeconomic Profile of the Houston-Galveston Labor Market Area

Houston-Galveston Labor Market Area 1970 1980 1990 1998
Population 2,112,332 3,001,402 3,601,782 4,251,578
Age Structure (%)

0-5 94 8.3 10.1
6-15 21.6 16.8 15.7
16- 17 6.0 5.2 29
18-24 114 138 10.3
25-34 14.3 20.2 19.9
35-44 124 124 16.7
45-54 10.7 9.5 10.1
55-64 1.7 7.2 6.9
65 + 6.5 6.5 74
Race and Ethnic Composition (%)

African American 18.6 17.8 17.3
Hispanic 85 135 19.2
White 73.0 68.7 63.5
Education of Persons Age 25+ (%)

0 - 8 years schooling 26.1 155 11.8
9 - 11 years schooling 233 154 14.7
High School graduates 24.4 29.0 254
13 -15 years schooling 12.6 18.4 225
College graduates 135 21.7 25.7
Labor Force Size

Civilian 845,504 1,491,443 1,739,758
Military 2,930 1,801 2,89
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 39 6.0 4.6
Construction 8.3 115 8.1
Business Services 39 6.1 6.1
Communications, Utilities 2.9 34 2.8
Nondurable Manufacturing 17.8 19.7 13.2
Durable Manufacturing 9.6 11.7 6.9
Finance, Insurance, Real Estate 5.0 7.2 6.9
Services 115 11.3 12.2
Wholesale, Retail Trade 20.1 23.2 21.8
Transportation 4.2 59 5.0
Employment by Occupation Group (%)

Management, Professional 104 14.3 16.8
Technical 2.2 4.6 5.4
Sdes 9.9 133 15.7
Clerical 224 222 19.9
Precision Craft 18.0 18.4 14.3
Operative, Transportation 11.9 7.4 5.3
Service, except household 15.3 12.3 15.4
Farming, Fishing, Forestry 12 12 15
Household Service 2.6 0.8 0.9
Laborers 6.2 55 4.9
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Section 3.3.2

Beaumont-Port Arthur Labor Market Area

The Beaumont-Port Arthur area (figure 3-23) is one of only two labor markets to show a
decline in population between 1980 and 1990 (table 3-17). Since 1990, however, population
estimates indicate a substantial rebound in growth. The nearby Spindletop oilfield dates to 1901,
signaling a longstanding presence of the oil and gas industry in the area. Today, industrial
employment is anchored by large petrochemical and refining operations. Beaumont also has one
of the busiest Texas ports as measured by shipping tonnage. Industrial diversification is aso
evident in newer plants specializing in precision manufacturing and medical equipment. This
latter development is undoubtedly reflected in population growth since 1990.

A socioeconomic profile of the Beaumont-Port Arthur labor market area is contained in
table 3-24. Age structure information indicates that this area has a relatively older population
relative to the norm for all coastal areas (e.g., compare to table 3-18). While this suggests that
natural population growth will slow in the years to come, such a reduction in growth can be
offset by in-migration to the area.

The racial and ethnic composition of the Beaumont-Port Arthur area includes fewer
Hispanics than is typically the case in Gulf Coast labor market areas. Local education levels are
dlightly higher than average for the coastal region, especially in terms of high school graduates.
Manufacturing employment for this labor area is distinctive by Gulf Coast standards. Both
nondurable and durable manufacturing sectors show larger shares of the Beaumont-Port Arthur
labor market area than elsewhere along the coast. Similarly, there are more precision craft
workers locally than observed at nearly all other Gulf Coast labor market areas (table 3-24).

Figure 3-26 shows net migration in and out of the Beaumont-Port Arthur area since the
early 1970s. Most years show more in-migration than out-migration, with the usual exception of
the mid-1980s. The rebound in migration is especialy strong after 1990.

Lake Charles Labor Market Area

Lake Charles, a mgor petrochemical center in coastal Louisiana (figure 3-23), has
experienced only modest growth since 1980, as reflected in table 3-17. As most other coastal
labor markets were recovering from twin downturns in the chemical and oil and gas industries,
Lake Charles experienced closure of a mgjor Boeing manufacturing facility in 1992. That loss
has since been ameliorated by the addition of another large aerospace concern.

As the socioeconomic profile in table 3-25 indicates, the Lake Charles labor market
ared’ s age structure closely paralels the overall age distribution of the Gulf Coast region. The
racial and ethnic composition exhibits proportionately fewer Hispanics and more whites than is
the coastal norm. Theindustrial composition of the Lake Charles areais also distinctive in terms
of somewhat higher manufacturing employment. Similarly, Lake Charles has a higher share of
precision craft production occupations than do other coastal |abor market areas (table 3-25).

The Lake Charles labor market area is also distinctive in the extent of out-migration since
1970, where negative net migration is evident for more than half of the years in the data series
(figure 3-27). Further, migration patterns for this area are more volatile than most other coastal
labor market areas. Of particular importance are the episodes of out-migration that do not
correspond to the oil and gas industry downturn in the mid 1980s.
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Table 3-24

Socioeconomic Profile of the Beaumont-Port Arthur Labor Market Area

Beaumont-Port Arthur Labor Market Area 1970 1980 1990 1998
Population 409,262 460,162 453,230 493,961
Age Structure (%)

0-5 8.3 8.0 8.7
6-15 220 16.5 15.8
16- 17 6.0 54 3.0
18-24 10.3 124 8.7
25-34 11.2 151 154
35-44 121 10.8 13.7
45-54 116 10.7 10.6
55-64 9.5 9.9 10.0
65 + 9.1 11.2 14.0
Race and Ethnic Composition (%)

African American 20.6 20.8 21.8
Hispanic 3.0 3.0 3.8
White 76.4 76.2 74.4
Education of Persons Age 25+ (%)

0 - 8 years schooling 30.8 19.9 11.8
9 - 11 years schooling 26.0 20.3 18.7
High School graduates 26.0 33.6 36.5
13 -15 years schooling 9.2 14.9 19.9
College graduates 8.1 11.3 13.2
Labor Force Size

Civilian 143,269 186,611 179,825
Military 790 324 517
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 34 3.7 2.7
Construction 7.6 10.6 8.3
Business Services 25 39 4.5
Communications, Utilities 3.0 4.1 37
Nondurable Manufacturing 271 29.4 19.3
Durable Manufacturing 8.8 114 7.0
Finance, Insurance, Real Estate 2.9 4.6 4.0
Services 12.4 13.9 14.4
Wholesale, Retail Trade 18.4 23.0 215
Transportation 34 5.4 4.3
Employment by Occupation Group (%)

Management, Professional 8.8 9.0 10.9
Technical 19 39 4.9
Sdes 7.8 12.2 14.0
Clerica 15.7 16.1 171
Precision Craft 226 24.0 194
Operative, Transportation 155 9.7 7.4
Service, except household 15.6 14.8 17.6
Farming, Fishing, Forestry 11 18 22
Household Service 2.8 0.9 0.7
Laborers 8.2 7.7 5.8
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Table 3-25

Socioeconomic Profile of the Lake Charles Labor Market Area

Lake Charles Labor Market Area 1970 1980 1990 1998
Population 280,639 313,284 321,386 328,434
Age Structure (%)

0-5 8.9 9.0 10.0
6-15 214 171 16.6
16 - 17 6.2 5.7 31
18-24 17.6 155 11.7
25-34 114 15.7 17.3
35-44 10.6 10.6 137
45-54 94 94 9.3
55-64 7.5 8.1 8.2
65 + 7.0 8.8 10.1
Race and Ethnic Composition (%)

African American 18.6 19.6 20.7
Hispanic 16 20 21
White 79.8 78.3 77.3
Education of Persons Age 25+ (%)

0 - 8 years schooling 375 24.8 15.1
9 - 11 years schooling 18.1 18.6 16.7
High School graduates 28.7 333 375
13 -15 years schooling 7.8 11.8 17.8
College graduates 7.8 115 12.8
Labor Force Size

Civilian 78,064 114,148 112,762
Military 26,238 11,081 14,676
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 9.0 11.0 6.2
Construction 10.0 13.8 8.6
Business Services 24 3.6 3.8
Communications, Utilities 34 35 2.9
Nondurable Manufacturing 16.9 19.4 16.7
Durable Manufacturing 4.6 5.8 5.1
Finance, Insurance, Real Estate 33 45 4.3
Services 14.2 15.0 14.2
Wholesale, Retail Trade 21.0 23.8 20.8
Transportation 3.8 5.2 5.1
Employment by Occupation Group (%)

Management, Professional 9.8 9.4 11.1
Technical 13 3.2 41
Sdes 7.0 114 135
Clerica 16.5 16.2 174
Precision Craft 19.9 23.6 20.0
Operative, Transportation 13.0 8.4 6.4
Service, except household 16.7 15.3 17.1
Farming, Fishing, Forestry 4.1 35 35
Household Service 3.8 1.0 0.6
Laborers 7.8 8.0 6.2
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Section 3.3.2

Lafayette Labor Market Area

The Lafayette labor market area anchors the Acadian region of coastal Louisiana (figure
3-23), sustaining a rich cultural tradition and an economy intricately tied to the oil and gas
industry. Of the Louisiana labor market areas described in table 3-17, Lafayette ranks second in
growth since 1980. This growth has occurred despite a mgjor downturn in the oil and gas
industry during the mid-1980s.

Table 3-26 presents a socioeconomic profile for the Lafayette area. The age structure of
the Lafayette area exhibits a dlightly younger population than most coastal market areas,
suggestive of a potential for future natural population growth. The racial and ethnic makeup of
the Lafayette labor market area shows a higher percentage of African-Americans, fewer
Hispanics, and more whites than is the norm along the Gulf Coast. Education levels are
strikingly lower in Lafayette than elsewhere. Laska et al. (1993) contend that students cannot
pass up the high pay in the oil industry and consequently drop out of school. Indicative of the
presence of the oil and gas industry, employment in mining industries is double that of the
typical coastal labor market area. Though the industrial mix in the Lafayette area is distinctive,
its occupational distribution is much closer to the typical Gulf Coast labor market area.

Migration patterns since 1970 for the Lafayette area are presented in figure 3-27. Most
years show net in-migration with the clear exception of the oil and gas downturn years of the
mid-1980s. Coupled with the likely natural increase in population, this reasonably constant in-
migration suggests that the area can anticipate growth in the years to come.

Baton Rouge Labor Market Area

Home to Exxon’s massive refinery complex, the Baton Rouge labor market area (figure
3-23) is buttressed by employment strength in three large sectors: industrial, government, and
education. As a state capital and home to two large universities (LSU and Southern), the area
exhibits a distinctive white-collar labor force paired with its industrial labor force. The Baton
Rouge labor market area exhibits the most growth of any of the coastal Louisiana labor markets.
This is largely due to the inclusion of two of the three fastest growing Louisiana parishes--
Ascension and Livingston--in the labor market.

Table 3-27 summarizes the socioeconomic profile of the Baton Rouge labor market area.
The local age structure shows dlightly smaller proportions in the highest age intervals than does
the summary Gulf Coast profile (table 3-18). Further, there are fewer Hispanic residents than is
the norm elsewhere along the coast. This is balanced by the presence of 10 percent more
African-Americans and seven percent more whites. Baton Rouge exhibits higher educational
levels with fewer non-high-school graduates than most coastal market areas.

The most distinctive aspect of the local industrial distribution is the relatively larger
service component that contains education and government workers. The occupation
composition of Baton Rouge closely mirrors the general coastal job distribution pattern.

Figure 3-28 graphs net migration in and out of the Baton Rouge labor market area since
1970. While most years are positive, it is clear that most of the higher positive rates of migration
occurred before the chemical industry and oil and gas industry downturns of the mid-1980s. The
fact that two of the parishes in the market areas are state leaders in population growth in the
1990s is obviously a product of internal realignment due to suburban development.
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Table 3-26

Socioeconomic Profile of the Lafayette Labor Market Area

Lafayette Labor Market Area 1970 1980 1990 1998
Population 407,042 476,339 496,579 535,059
Age Structure (%)

0-5 10.3 9.0 10.3
6-15 24.2 184 17.6
16- 17 6.5 6.0 31
18-24 110 14.3 10.2
25-34 114 154 17.0
35-44 10.8 104 136
45-54 9.9 94 9.6
55-64 8.2 8.0 8.0
65 + 7.8 9.1 105
Race and Ethnic Composition (%)

African American 26.6 24.3 26.1
Hispanic 1.0 21 12
White 724 737 72.7
Education of Persons Age 25+ (%)

0 - 8 years schooling 51.3 34.8 226
9 - 11 years schooling 155 16.0 17.1
High School graduates 19.8 26.9 32.6
13 -15 years schooling 6.4 104 14.0
College graduates 7.0 11.9 13.7
Labor Force Size

Civilian 119,699 184,668 184,670
Military 130 145 461
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 18.0 18.8 12.6
Construction 9.0 10.7 6.4
Business Services 3.0 4.6 4.2
Communications, Utilities 3.2 2.9 2.4
Nondurable Manufacturing 8.1 12.2 111
Durable Manufacturing 29 4.8 4.0
Finance, Insurance, Real Estate 3.2 4.6 47
Services 15.6 13.8 134
Wholesale, Retail Trade 216 245 23.0
Transportation 3.6 55 4.0
Employment by Occupation Group (%)

Management, Professional 10.3 10.2 11.2
Technical 14 35 4.4
Sdes 74 124 156
Clerical 135 16.9 164
Precision Craft 14.9 21.9 174
Operative, Transportation 134 7.9 8.4
Service, except household 18.1 14.6 16.3
Farming, Fishing, Forestry 8.7 4.2 39
Household Service 5.3 14 11
Laborers 7.0 6.9 5.3
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Table 3-27

Socioeconomic Profile of the Baton Rouge Labor Market Area

Baton Rouge Labor Market Area 1970 1980 1990 1998
Population 533,221 672,081 709,562 770,723
Age Structure (%)

0-5 9.6 8.7 9.6
6-15 226 174 16.3
16- 17 6.4 5.6 3.0
18-24 135 159 12.3
25-34 124 17.6 17.5
35-44 10.8 10.7 15.2
45-54 9.8 8.7 9.6
55-64 1.7 7.5 7.2
65 + 7.3 7.9 9.5
Race and Ethnic Composition (%)

African American 31.9 30.8 318
Hispanic 13 17 13
White 66.8 67.5 66.9
Education of Persons Age 25+ (%)

0 - 8 years schooling 34.0 20.3 11.7
9 - 11 years schooling 19.2 16.8 16.8
High School graduates 25.7 315 33.0
13 -15 years schooling 9.8 14.4 18.7
College graduates 11.3 17.0 19.9
Labor Force Size

Civilian 170,446 267,900 293,749
Military 243 298 588
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 5.0 4.6 29
Construction 10.9 13.6 8.6
Business Services 28 45 44
Communications, Utilities 2.9 3.8 31
Nondurable Manufacturing 17.4 205 14.0
Durable Manufacturing 4.3 5.4 39
Finance, Insurance, Real Estate 4.3 6.9 6.3
Services 151 16.1 13.6
Wholesale, Retail Trade 18.2 24.4 216
Transportation 2.6 4.6 3.8
Employment by Occupation Group (%)

Management, Professional 10.0 11.8 13.7
Technical 20 4.6 5.1
Sdes 7.2 119 14.9
Clerical 18.0 19.7 19.7
Precision Craft 194 19.7 16.1
Operative, Transportation 10.8 75 5.7
Service, except household 18.2 15.6 16.4
Farming, Fishing, Forestry 3.7 21 24
Household Service 44 11 0.8
Laborers 6.3 6.0 5.0
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Section 3.3.2

Houma Labor Market Area

The economy of the Houma labor market area (figure 3-23) is based on agriculture,
seafood, mining (especialy oil and gas extraction and related services), and services (e.g.,
medical, education). The areaisrich in natura resources. The Houma area is a state leader in
terms of onshore production of natural gas and condensate. It also serves as a staging area for
offshore services. Port Fuchon in La Fourche Parish is one of the few deepwater ports along the
Gulf Coast. Since the mid-1990s, the port has become a major center for launching deepwater
oil and gas activities. Despiteitsindustrial character, the Houma area has exhibited only modest
population growth since 1970 (table 3-17).

The socioeconomic profile of the Houma labor market area is provided in table 3-28.
With larger population components at younger age intervals, the Houma area is clearly destined
for natural population growth over the next decade. Fewer Hispanics in the local population are
offset by relatively more whites than is typical for Gulf Coast labor market areas. Education
levels in Houma are distinctly lower than is the norm, as 42 percent of the population in 1990
had not graduated from high school. However, the strength of the agricultural and mining
components in the local economy is evident by the fact that 12 percent of the labor force is
employed in those sectors, more than double the typical proportion along the Gulf Coast. Fewer
managerial and professional occupations are offset by proportionally more precision craft jobs.

The net migration data reflected in figure 3-28 suggest that the Houma labor market area
has not quite recovered from a substantial exodus that coincided with the decline of chemical and
oil and gas activities of the mid-1980s. In the later 1990s, however, the net migration rate for
Houma shows an upward trend that suggests in-migration may soon surpass out-migration in the
area. Coupled with the natural population growth potential noted above, this pending positive
net migration signals likely growth ahead.

New Orleans Labor Market Area

In similar fashion to the Houston-Galveston area, the New Orleans labor market area
(figure 3-23) exhibits the complexity and heterogeneity associated with a very large urban area.
The service sector dominates the area’s economy, accounting for as much as one-third of
earnings generated in the area. The oil and gas industry has had a major presence in the New
Orleans area. Recently, however, the industry has consolidated manageria and professional
positions in the Houston area, resulting in a downsizing of administrative operations in New
Orleans that will not show up in census data until 2000. Though St. Tammany Parish is the
fastest growing county-equivalent in Louisiana, its presence in the New Orleans labor market
area is not sufficient to offset a weak area growth rate of 2 percent since 1990 and an actua
population decline between 1980 and 1990 (table 3-17).

The socioeconomic profile of the New Orleans labor market area presented in table 3-29
indicates one reason for slow growth: an aging population relative to other coastal labor market
areas (e.g., compare the age interval percentages to the summary presented in table 3-18). A
smaller Hispanic component in the area is almost entirely offset by a larger African-American
component. New Orleans sports fewer persons with only grade-school education than do most
other coastal labor market areas. Other aspects of education are similar to other coastal areas.
The industry mix in the New Orleans labor areais skewed more toward services and wholesale
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Table 3-28

Socioeconomic Profile of the Houma Labor Market Area

Houma Labor Market Area 1970 1980 1990 1998
Population 225,396 263,213 263,681 274,047
Age Structure (%)

0-5 11.8 95 10.3
6-15 248 194 18.1
16- 17 6.9 6.3 32
18-24 116 14.7 10.7
25-34 13.0 16.2 17.3
35-44 10.7 110 139
45-54 9.0 9.0 9.8
55-64 6.4 6.9 7.6
65 + 5.8 7.0 9.1
Race and Ethnic Composition (%)

African American 191 18.8 20.2
Hispanic 24 21 16
White 78.6 79.2 78.2
Education of Persons Age 25+ (%)

0 - 8 years schooling 49.8 34.7 24.9
9 - 11 years schooling 16.6 16.5 18.8
High School graduates 224 30.3 35.1
13 -15 years schooling 5.7 9.1 11.8
College graduates 55 9.3 9.4
Labor Force Size

Civilian 67,981 103,337 96,409
Military 143 100 195
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 18.3 16.2 12.6
Construction 7.2 116 7.3
Business Services 31 49 4.8
Communications, Utilities 2.8 3.0 2.7
Nondurable Manufacturing 13.1 16.1 125
Durable Manufacturing 6.8 10.2 7.6
Finance, Insurance, Real Estate 2.6 41 4.0
Services 119 116 12.0
Wholesale, Retail Trade 18.7 21.7 21.3
Transportation 6.7 85 6.9
Employment by Occupation Group (%)

Management, Professional 12.6 10.1 104
Technical 14 28 35
Sdes 6.2 11.3 137
Clerica 125 16.5 159
Precision Craft 18.3 24.3 21.0
Operative, Transportation 18.4 10.7 9.1
Service, except household 145 12.8 15.2
Farming, Fishing, Forestry 4.4 3.8 4.2
Household Service 34 1.0 0.6
Laborers 8.2 6.8 6.5
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Table 3-29

Socioeconomic Profile of the New Orleans Labor Market Area

New Orleans Labor Market Area 1970 1980 1990 1998
Population 1,186,117 1,348,007 1,328,455 1,352,504
Age Structure (%)

0-5 9.3 8.2 94
6-15 221 16.9 15.7
16 - 17 6.1 55 3.0
18-24 11.2 135 10.1
25-34 124 17.5 17.5
35-44 11.3 111 15.2
45-54 109 9.5 10.1
55-64 84 8.7 8.1
65 + 8.2 9.2 11.0
Race and Ethnic Composition (%)

African American 304 31.9 343
Hispanic 3.2 3.7 39
White 66.4 64.4 61.8
Education of Persons Age 25+ (%)

0 - 8 years schooling 35.2 216 12.6
9 - 11 years schooling 19.7 16.1 17.0
High School graduates 26.1 321 30.6
13 -15 years schooling 9.0 14.4 19.9
College graduates 10.0 15.8 19.8
Labor Force Size

Civilian 409,009 554,736 547,717
Military 2,771 4,392 7,534
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 3.8 5.1 34
Construction 7.0 10.0 5.9
Business Services 33 5.0 5.0
Communications, Utilities 37 41 31
Nondurable Manufacturing 14.7 14.8 10.3
Durable Manufacturing 7.1 7.7 5.0
Finance, Insurance, Real Estate 5.2 6.7 6.8
Services 138 15.8 14.7
Wholesale, Retail Trade 215 25.6 23.1
Transportation 6.3 8.7 59
Employment by Occupation Group (%)

Management, Professional 10.7 12.7 14.4
Technical 15 3.8 4.8
Sdes 9.0 131 16.2
Clerical 225 219 217
Precision Craft 16.5 16.8 13.2
Operative, Transportation 115 6.7 4.8
Service, except household 17.2 16.5 18.2
Farming, Fishing, Forestry 0.8 12 17
Household Service 31 11 0.9
Laborers 7.0 6.2 4.3
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and retail trade than most coastal labor markets. The occupation composition shows a larger
service occupation share than most other coastal markets.

Net migration has been negative for the New Orleans area since the early 1980s, as
reflected in figure 3-29. The trend was clearly exacerbated at about the time of downturns in
both the chemical and oil and gas industries. Though migration rebounded in the late 1980s and
early 1990s, there has yet to be net in-migration into this labor market area.

Biloxi-Gulfport Labor Market Area

The Biloxi-Gulfport area is Mississippi’s only coastal labor market area (figure 3-23).
This area exhibits an increasingly diversified local economy that once was based in beach
tourism, seafood harvesting, and forestry. While the Biloxi-Gulfport area now has major
chemical plants and shipbuilding yards, a major NASA installation and Keesler Air Force base
aso anchor the local economy. Since 1990, development of the gaming industry has been
nothing short of remarkable and is now estimated to employ 15,000 persons (Harrison County
Development Commission, 1999, personal communication). Not surprisingly, the growth of the
Biloxi-Gulfport area has been robust and rivals the Texas coast |abor markets (table 3-17).

As the socioeconomic profile in table 3-30 indicates, the age structure of the Biloxi-
Gulfport area mirrors the age structure of the typical coastal labor market area. Smaller African-
American and Hispanic proportions are offset by arelatively large white population component.
Education levels are higher for Biloxi-Gulfport, especialy among high-school and college
graduates. While the military component of the Biloxi-Gulfport labor force is proportionately
small, it is interesting to note that one quarter of all military employees along the western and
central Gulf Coast reside in thislabor market area.

The census data presented in table 3-30 do not reflect the service employment growth
associated with the gaming industry, which has developed since the census was completed for
1990. However, the 30 percent share of industry employment accounted for by manufacturing is
quite distinctive for the Gulf Coast. Even so, the occupational mix iswell within the parameters
typical of acoastal labor market area.

The net migration data presented in figure 3-29 indicate more in-migration into the
Biloxi-Gulfport area than out-migration in most years. Even the mid-1980s dip experienced by
virtually all coastal labor market areas is muted in the Biloxi-Gulfport data. Further population
growth is quite likely in view of this propensity for in-migration.

Mobile Labor Market Area

The five-county Mobile labor market area in coastal Alabama is distinctive among the
Gulf’s coastal labor markets due to its large manufacturing sector. Major industries include
chemicals, paper, shipyards, and aircraft. According to the Mobile Chamber of Commerce,
growth of the local manufacturing sector has accelerated in the 1990s due to major plant
expansions and new plant construction. This strong economic component is complemented by a
large service sector, which includes a substantial tourism base in nearby Baldwin County (Gulf
Shores, Alabama).

Table 3-31 presents a socioeconomic profile of the Mobile labor market area. The age
composition information in the table indicates that the Mobile areais typical of Gulf Coast |abor
market areas. A relatively large cohort of young personsin 1970 moves through time, aging the
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Table 3-30

Socioeconomic Profile of the Biloxi-Gulfport Labor Market Area

Biloxi-Gulfport Labor Market Area 1970 1980 1990 1998
Population 296,851 368,852 388,725 440,657
Age Structure (%)

0-5 9.8 8.6 9.2
6-15 224 18.1 16.2
16 - 17 5.9 5.8 31
18-24 141 14.2 10.8
25-34 13.0 156 16.6
35-44 110 114 14.0
45-54 9.6 9.6 105
55-64 74 8.2 8.7
65 + 6.9 8.4 10.9
Race and Ethnic Composition (%)

African American 16.1 17.7 184
Hispanic 14 17 13
White 825 80.6 80.3
Education of Persons Age 25+ (%)

0 - 8 years schooling 27.2 18.4 115
9 - 11 years schooling 209 16.7 18.3
High School graduates 322 36.8 334
13 -15 years schooling 11.0 16.1 21.3
College graduates 8.6 11.9 154
Labor Force Size

Civilian 90,726 130,981 151,312
Military 17,159 12,989 11,122
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 2.6 39 2.8
Construction 9.7 10.3 7.8
Business Services 21 4.3 3.9
Communications, Utilities 2.8 35 2.8
Nondurable Manufacturing 233 26.3 214
Durable Manufacturing 14.9 17.9 14.8
Finance, Insurance, Real Estate 31 51 45
Services 119 15.8 14.3
Wholesale, Retail Trade 16.0 24.3 21.3
Transportation 2.7 4.7 4.0
Employment by Occupation Group (%)

Management, Professional 10.6 10.8 11.7
Technical 18 4.2 5.2
Sdes 6.8 11.8 141
Clerical 15.8 16.3 16.2
Precision Craft 223 211 18.8
Operative, Transportation 14.7 9.8 8.9
Service, except household 155 15.9 16.9
Farming, Fishing, Forestry 15 2.6 25
Household Service 28 0.8 0.6
Laborers 8.2 6.6 5.1
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Table 3-31

Socioeconomic Profile of the Mobile Labor Market Area

Mabile Labor Market Area 1970 1980 1990 1998
Population 435,958 502,814 534,425 591,388
Age Structure (%)

0-5 9.2 85 9.1
6-15 231 176 16.0
16-17 6.4 5.7 32
18-24 10.6 129 9.8
25-34 118 15.7 159
35-44 10.8 10.7 14.6
45-54 10.6 9.5 10.1
55- 64 8.9 8.9 8.7
65 + 8.6 105 12.6
Race and Ethnic Composition (%)

African American 317 305 295
Hispanic 18 11 0.9
White 66.5 68.4 69.6
Education of Persons Age 25+ (%)

0 - 8 years schooling 35.7 214 12.2
9 - 11 years schooling 232 18.9 19.9
High School graduates 26.7 341 339
13 -15 years schooling 74 138 18.2
College graduates 7.1 119 15.9
Labor Force Size

Civilian 143,854 191,541 218,001
Military 1321 1592 1491
Employment by Industrial Sector (%)

Agriculture, Forestry, Mining 34 35 2.6
Construction 7.1 10.8 79
Business Services 22 4.1 4.6
Communications, Utilities 29 35 25
Nondurable Manufacturing 232 25 18.3
Durable Manufacturing 9.7 10.9 8.2
Finance, Insurance, Real Estate 4.0 6.2 49
Services 133 14.3 129
Wholesale, Retail Trade 19.2 24.2 22.6
Transportation 4.7 54 4.6
Employment by Occupation Group (%)

Management, Professional 9.1 10.6 121
Technica 13 34 4.4
Sales 8.1 128 15.7
Clerica 16.7 176 17.8
Precision Craft 182 186 16.0
Operative, Transportation 15.2 105 9.1
Service, except household 16.4 14.8 15.8
Farming, Fishing, Forestry 25 31 2.7
Household Service 4.0 13 0.8
Laborers 8.4 7.3 5.7
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Section 3.3.2

population. By 1990, the older age groups increase in size, and younger age groups decrease.
This aging of the population is a national phenomenon exhibited within other coastal labor
market areas. The Mobile area has an above-average over-55 population component. This is
likely due to the increasingly popularity of coastal Baldwin County as a retirement destination.
As is characteristic of the easternmost coastal labor market areas, Mobile has a relatively larger
African-American population component and a relatively smaller Hispanic component than is
the case for coastal labor market areas in genera. While Mobile sports an above-average
percentage of high-school graduates, the area also has a dightly lower percentage of personswho
have attended college.

In terms of industry of employment, Mobile exhibits adistinctively high proportion of the
labor forced employed in nondurable manufacturing in 1990. The occupationa distribution
shows dlightly fewer white collar workers and dlightly more precision craft and operative
workers, as would be expected in an area with alarge manufacturing presence.

Figure 3-29 depicts net migration since 1970 for the Mobile labor market area. In most
years, the net migration estimates are positive, indicating more in-migration and natural
population growth as opposed to out-migration. Like the Biloxi area, Mobil€e's response to the
mid-1980s downturn in the oil and gas industry is less exaggerated than coastal labor markets
further west.

Future Population Projections

Perhaps the most immediate and discernable impact any new economic activity has on a
community is the way that activity alters trends in population growth (Keyfitz, 1981, 1985).
Changes in expected growth patterns require atering public planning for school growth,
government service activity (such as police and fire protection), for infrastructura growth (i.e.,
roads, water and sewer systems), among other aspects. Local area projections are built upon the
assumption that there are continuities between past patterns of population growth and future
patterns. Based upon previously observed relationships, interactions among the components of
demographic and economic processes are specified as constants in a model. Such models are
then extrapolated forward (as in projection) or are driven by a leading set of indicators (as in
estimation). In the present projection series, past county level estimates have been used (i.e.,
population change, labor force participation, and industrial activity) in conjunction with
projections series conducted by the U.S. Census Bureau (Campbell, 1996), U.S. Bureau of Labor
Statistics (BLS, 1997a, b), and U.S. Bureau of Economic Analysis (BEA, 1995). Fina
projections provide an original set of demographic, labor force, and industrial projections that are
consistent with the series named above, and provide new information about the coastd
communities along the GOM from Alabama to Texas. The basic methodology used to create
these projectionsis shift-share analysis.

Population Projections

Shift-share methodology utilizes direct standardization and decomposition techniques to
allocate observed local population or employment growth rates into: 1) the direct share of place
population or employment change derived from state growth, 2) the share of change a place
experiences due to its unique population composition, and 3) change unique to each place.
These three observed components are then applied to state level projection series to allocate state
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growth among places. In practice, shift-share projection methods applied to small area
projections have been shown to be as accurate as, for instance, population cohort component
methods.

Shift-share projections for small areas are driven by state level projectionsin conjunction
with information about local areas. In the current projection series, Census Bureau information
on county population for 1990 and Census Bureau estimates for 1995 (i.e., each by five-year age
groups, race, and sex) were employed. This information was used to adjust the shift-share
components and the projection series.

From a series of equations, the population growth rates for a particular location may be
decomposed into three distinct components, encompassing: 1) state growth effect, or the amount
of population growth in a given group within a select location due to state growth; 2) share
effect, or a particular location’s additional share in state population growth due the unique
population composition of that particular location; and 3) shift effect, or the amount of
population growth in a particular location due to that location’s unique growth trends. In
general, the observed population growth of a particular location is expressed as a function of
these three components; that is, the observed rate of growth for a particular location is equal to
that place's state growth effect plus its share effect plus its shift effect. Each component of
shift-shareis expressed as arate. Components are then converted to absol ute population change.

Of the three shift-share components of place growth between 1990 and 1995 described
above, two components are entirely determined by state level population change: the state
growth effect and the share effect. When future trends in state population growth are projected,
these components allocate shares of this population growth differentially among places. The
third component, the shift effect, describes unique patterns of population change specific to each
place. Such trends are often the result of the competitive advantages or disadvantages specific to
local areas

Data Inputs for Population Projections

State level projections provide an important control in the shift-share methodology. In
the present analysis, Census Bureau data (i.e., Projections, Series B) are used as controls. The
Census Bureau provides two sets of population projections comprised of: 1) a series using a
demographically-based time series, and 2) an alternative series using an economically-based set
of assumptions. These series differ only in the internal migration assumptions. Series A is a
time-series model and uses state-to-state migration observed from 1975 to 1976 through 1993 to
1994. Series B, the Economics Model, uses the BEA employment projections. In this series,
state-to-state migration flows are derived from BEA-projected changes in employment.

Census evaluation of Series B indicates that short-term projections in Series B are very
nearly as accurate as those of Series A. The long-term projections of Series B show migration
patterns consistent with BEA economic projections. Since the projections used in this series
focus on certain economic assumptions and utilize BEA employment projections, the present
analysis has been conducted using the Series B as control projections on the state level.

From these population projections, two sets of economic projections were derived. First,
labor force participation ratios for each age, race, and sex group were derived from BLS.
Second, BEA employment projections were used to allocate labor force into industry groups.
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From Population to Labor Force Projections

In the BLS labor force series (i.e., 1997 to 2006), the national labor force was determined
by projections of the age, sex, and racial composition of the population and by trends in labor
force participation rates (i.e., the percent of the specified group in the population who will be
working or seeking work). Projections of labor force participation rates for each group were
developed by first estimating a trend rate of change, usually based on participation rate behavior
during the prior eight-year period. Second, the rate was modified when the time-series
projections for the specific group appeared inconsistent with the results of cross-sectiona and
cohort analyses. Following BLS procedure, the size of the anticipated labor force has been
estimated by multiplying the labor force participation for each age, race, and sex group rates by
the corresponding group within cited population projections. Labor force participation rates for
2006 have been carried forward to all subsequent years in the current projection models.

From Labor Force to Employment by Industry Projections

Once labor force projections had been derived from the BLS series, BEA employment
projections were used to allocate labor force into industry groups. BEA provides industry
projections by both individual state and economic area (EA) through 2025. Their employment
projection series provides the basis for the Series B census projections developed by the Census
Bureau. At the state level, the present population projection series were deemed to be consistent
with the BEA employment series. BEA also provides employment by industry projections for
sub-state economic areas. However, BEA does not provide demographically detailed projections
at the sub-state level. In general, these economic areas cover a much wider geographic area than
the commuting zones used in this study. Industrial proportions for each BEA projected year
were used to allocate the labor force projections into appropriate industrial categories. The
resultant industry projections of commuting zones are consistent with BEA projections for the
large sub-state economic areas.

Results

Figures 3-30 and 3-31, as well astable 3-32, present population trends and projections for
the four-state region (i.e., Alabama, Louisiana, Mississippi, and Texas) and for the 13 coastal
commuting zones of interest from 2000 to 2020. As is evident in figure 3-31, both the Gulf
Coast area and the region as a whole are projected to realize increases in population, although
this tapers off throughout the projection period. In the 1980s, growth rates for the Gulf Coast
area were below that of the four-state region. Notably, with the decline in oil prices and
subsequent loss of jobs for oil-dependant areas, the population growth rate between 1985 and
1990 dipped to 1.43 percent (table 3-32), while the region as a whole maintained a much higher
population growth rate of 6.75 percent. After the 1985 to 1990 period, five-year growth rates
converged in the 1990s, with the coastal area maintaining slightly higher growth rates than the
region as a whole. This slight edge in growth is projected to remain over the 2000 to 2020
period.

During this period, both the four-state region and Gulf Coast are projected to experience
a considerable shift in age structure. There are three demographic factors at work which creates
this change in age composition. First, the bulk of the population of both areas was born during
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Table 3-32

Summary of Recent Population Trends (1980-1995) and Population Projections for the Gulf Coastal
Commuting Zones and the Four-state Region (2000-2020)

Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Total Number % of Total Number % of Total Number % of Total Total 5 Year Rates
All Coastal Commuting Zones
1980 3,115,160 35.5% 2,410,200 27.4% 2,523,030 28.7% 731,970 8.3% 8,780,360
1985 3,209,960 33.5% 2,629,800 27.5% 2,908,900 30.4% 823,720 8.6% 9,572,470 9.02%
1990 3,170,670 32.6% 2,439,170 25.1% 3,169,250 32.6% 933,630 9.6% 9,712,720 1.47%
1995 3,390,170 32.2% 2,382,150 22.6% 3,737,200 35.5% 1,024,700 9.7% 10,534,220 8.46%
2000 3,604,830 31.9% 2,350,490 20.8% 4,202,400 37.2% 1,127,790 10.0% 11,285,510 7.13%
2005 3,743,520 31.2% 2,473,110 20.6% 4,536,880 37.9% 1,227,070 10.2% 11,980,580 6.16%
2010 3,899,810 30.7% 2,638,740 20.8% 4,776,930 37.6% 1,383,790 10.9% 12,699,270 6.00%
2015 4,053,270 30.1% 2,836,470 21.1% 4,912,050 36.5% 1,645,580 12.2% 13,447,370 5.89%
2020 4,280,110 30.1% 2,933,800 20.6% 5,026,330 35.4% 1,968,920 13.9% 14,209,250 5.67%
Four-State Region
1980 8,582,060 34.5% 6,526,570 26.3% 7,220,930 29.1% 2,510,280 10.1% 24,839,840
1985 8,790,950 32.5% 7,271,150 26.9% 8,223,560 30.4% 2,739,110 10.1% 27,024,770 8.80%
1990 8,816,520 31.6% 7,010,820 25.2% 9,019,790 32.4% 3,027,180 10.9% 27,874,310 3.14%
1995 9,335,640 31.1% 6,841,490 22.8% 10,545,460 35.1% 3,279,270 10.9% 30,001,860 7.63%
2000 9,837,740 30.9% 6,679,900 21.0% 11,800,410 37.0% 3,548,010 11.1% 31,866,060 6.21%
2005 10,181,920 30.2% 6,974,130 20.7% 12,755,110 37.8% 3,828,980 11.3% 33,740,140 5.88%
2010 10,566,810 29.6% 7,395,860 20.7% 13,450,770 37.7% 4,284,090 12.0% 35,697,530 5.80%
2015 10,940,950 29.0% 7,939,110 21.0% 13,831,190 36.6% 5,051,470 13.4% 37,762,720 5.79%
2020 11,527,630 28.9% 8,201,180 20.6% 14,148,880 35.5% 5,996,380 15.0% 39,874,070 5.59%
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the baby-boom years (1946 to 1963). As this cohort ages, the balance of the population
correspondingly shifts towards the older groups. Second, the low fertility levels of the late 1960s
throughout the 1970s ensured that there were not as many people in the cohorts that followed the
Boomers. As Baby Boomers aged, they were not entirely replaced in those age groups by the
next cohort. Third, population growth in the nation, the South, and in these areas are likely to
slow throughout the next twenty years, since birthrates will remain below death rates, and
immigration is not likely to increase from current low levels.

The effect of these factors is seen clearly in table 3-32. Between 1980 and 1995, the
proportion of the population less than 20 dropped from 32.5 percent in the region to 29.4 percent.
Similarly, within the coastal commuting zones, the percentage of the population at ages less than
20 dropped from 35.5 percent to 32.3 percent. In the age group from 20 to 34, there are greater
declines. In the region, this age group drops from 25.3 percent to 22.0 percent. There are
absolute declines in this age group between 1985 and 1995, which coincides with the aging of
the baby bust cohorts of the 1970s. Similarly there are absolute declines in the coastal areain
this age group, corresponding to a proportional decline from 27.6 percent to 22.7 percent.

During the same time period, the older working ages, from 35 to 64, increased
proportionally and accounted for much of the region’s and coastal area’s population increase
during this time period. Simply, this meant that the cohort structure of the two regions drove
much of the population change between 1980 and 1995. This age composition is likely to
continue to drive the patterns and rates of population change to 2020.

Until 2010, when the baby boom begins to retire, the fastest growing age group will
continue to be the 35 to 64 year olds. After 2010, the proportion in this age group begins to
decline. However the younger age groups (i.e. 0 to 19, 20 to 34) will continue to grow slowly
and maintain the same proportion throughout the post-2000 period. The net result is that
population growth will moderate around one percent per year by the end of this period and the
age structure of the region and coast have shifted toward older age groups.

Differences in age structure, as well as in net migration, among the coastal commuting
zone areas could create variations in population growth. As seen in figure 3-32, Texas areas are
projected to have the higher popul ation growth rates, exceeding those expected for Louisiana and
Mississippi. The highest population growth rates from 2000 to 2020 are projected to be in
Brownsville and Beaumont-Port Arthur, followed by Brazoria and the Houston-Galveston area.
All have rates above 27 percent for this time period. The lowest population growth rates (under
14 percent) are found in the coastal Louisiana commuting zones of Lake Charles, Lafayette,
Houma, and New Orleans. Biloxi-Gulfport, Baton Rouge, Corpus Christi, Mobile, and Victoria
are all expected to exhibit low to moderate population growth during this time period.

As seenin figure 3-32, population growth rates are all projected to decline throughout the
first two decades of the 21% century. The major difference among the Gulf’s coastal commuting
zones in final growth levelsis set by the apex of population growth projected for the year 2000.
Table 3-33 summarizes the recent population trends and future population projections for each of
the 13 coastal commuting zones. The local growth rates in the decade between 1995 and 2005
may well be the determining factor for further growth rates in the early 21% century in these
areas.
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Recent Population Trends and Future Population Projections for Each of the 13 Coastal Commuting Zones

Table 3-33

Coastal Commuting Zone

Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Totalk Number %of Totaa Number %of Totaa Number % of Total Total 5 Year Rates
Mobile
1980 177,800 35.4% 124,630 24.8% 147,170 29.3% 52,910 10.5% 502,510
1985 170,640 32.5% 130,300 24.8% 162,820 31.0% 60,850 11.6% 524,610 4.40%
1990 166,430 31.1% 122,790 22.9% 179,180 33.5% 67,230 12.6% 535,630 2.10%
1995 172,920 30.1% 123,010 21.4% 205,480 35.8% 73,210 12.7% 574,620 7.28%
2000 179,280 29.4% 118,950 19.5% 232,880 38.2% 78,570 12.9% 609,680 6.10%
2005 182,820 28.5% 118,700 18.5% 254,870 39.8% 84,140 13.1% 640,530 5.06%
2010 186,690 27.7% 121,660 18.1% 271,260 40.3% 93,770 13.9% 673,380 5.13%
2015 188,170 26.7% 128,250 18.2% 277,260 39.4% 110,410 15.7% 704,090 4.56%
2020 192,270 26.3% 130,630 17.8% 279,100 38.1% 130,380 17.8% 732,380 4.02%
Biloxi-Gulfport
1980 135,840 36.9% 93,140 25.3% 107,780 29.3% 31,410 85% 368,170
1985 133,010 34.2% 99,360 25.5% 119,360 30.7% 37,380 9.6% 389,110 5.69%
1990 122,190 31.4% 93,760 24.1% 131,060 33.7% 41,750 10.7% 388,760 -0.09%
1995 131,060 30.7% 96,760 22.7% 151,990 35.6% 46,630 10.9% 426,440 9.69%
2000 142,460 30.1% 100,750 21.3% 178,580 37.7% 52,150 11.0% 473,940 11.14%
2005 148,040 29.2% 103,980 20.5% 197,600 39.0% 57,290 11.3% 506,910 6.96%
2010 152,360 28.4% 106,840 19.9% 213,000 39.7% 65,000 12.1% 537,200 5.98%
2015 154,310 27.3% 113,070 20.0% 219,710 38.9% 77,810 13.8% 564,900 5.16%
2020 158,020 26.8% 116,260 19.7% 222,120 37.7% 93,330 15.8% 589,730 4.40%
New Orleans
1980 459,700 34.2% 366,470 27.3% 393,360 29.3% 123,880 9.2% 1,343,410
1985 447,710 32.3% 376,050 27.2% 427,860 30.9% 132,910 9.6% 1,384,530 3.06%
1990 407,960 30.7% 327,630 24.7% 444900 33.5% 146,720 11.1% 1,327,210 -4.14%
1995 413,150 30.5% 297,390 22.0% 491,060 36.3% 151,920 11.2% 1,353,520 1.98%
2000 410,940 29.8% 282,790 20.5% 526,320 38.2% 159,030 11.5% 1,379,080 1.89%
2005 407,750 28.9% 285,970 20.3% 549,830 39.0% 167,580 11.9% 1,411,130 2.32%
2010 409,140 28.2% 292,620 20.2% 563,480 38.9% 183,320 12.7% 1,448,560 2.65%
2015 411,880 27.6% 301,480 20.2% 566,030 38.0% 211,800 14.2% 1,491,190 2.94%
2020 420,850 27.4% 301,780 19.7% 565,080 36.8% 246,930 16.1% 1,534,640 2.91%
Houma
1980 102,930 39.2% 70,060 26.7% 70,730 27.0% 18550 7.1% 262,270
14:001000 MMOL_00_05_00 T1346 Page 1 of 5

T3 33.doc-12/14/00



vi-€

Recent Population Trends and Future Population Projections for Each of the 13 Coastal Commuting Zones

Table 3-33

Coastal Commuting Zone

Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Totalk Number %of Totaa Number %of Totaa Number % of Total Total 5 Year Rates
1985 99,380 36.4% 73,900 27.1% 78,700 28.8% 20,980 7.7% 272,960 4.08%
1990 90,180 34.2% 65,980 25.0% 83,400 31.6% 24,060 9.1% 263,620 -3.42%
1995 90,490 33.8% 60,190 22.5% 91,870 34.3% 25540 95% 268,090 1.70%
2000 89,680 32.9% 57,170 21.0% 98,340 36.1% 27,350 10.0% 272,540 1.66%
2005 88,070 31.8% 57,720 20.8% 102,270 36.9% 29,010 10.5% 277,070 1.66%
2010 87,490 31.0% 59,000 20.9% 103,860 36.8% 31,890 11.3% 282,240 1.87%
2015 87,210 30.2% 60,640 21.0% 103,360 35.9% 37,100 12.9% 288,310 2.15%
2020 88,160 29.9% 60,600 20.6% 102,190 34.7% 43,580 14.8% 294,530 2.16%
Baton Rouge
1980 244,610 36.3% 193,460 28.7% 182,030 27.0% 53,440 7.9% 673,540
1985 246,230 34.1% 206,560 28.6% 210,880 29.2% 59,460 8.2% 723,130 7.36%
1990 229,080 32.2% 185,750 26.1% 228,490 32.2% 67,160 9.5% 710,480 -1.75%
1995 240,760 32.0% 175,560 23.3% 262,850 34.9% 72,950 9.7% 752,120 5.86%
2000 249,340 31.3% 174,750 21.9% 292,690 36.7% 79,830 10.0% 796,610 5.92%
2005 251,560 30.4% 180,420 21.8% 309,710 37.4% 85,710 10.4% 827,400 3.87%
2010 256,000 29.8% 188,730 21.9% 320,330 37.2% 95,070 11.1% 860,130 3.96%
2015 260,110 29.2% 196,720 22.1% 323,220 36.3% 111,450 12.5% 891,500 3.65%
2020 267,510 29.0% 199,290 21.6% 323,190 35.1% 131,770 14.3% 921,760 3.39%
Lake Charles
1980 113,950 36.3% 83,640 26.6% 88,450 28.2% 27,850 8.9% 313,890
1985 112,850 34.2% 90,760 27.5% 96,580 29.3% 29,660 9.0% 329,850 5.08%
1990 104,950 32.6% 83,230 25.9% 100,600 31.3% 32,660 10.2% 321,440 -2.55%
1995 103,000 31.5% 77,620 23.8% 111,300 34.1% 34,720 10.6% 326,640 1.62%
2000 100,560 30.1% 75,780 22.7% 120,350 36.0% 37,480 11.2% 334,170 2.31%
2005 97,950 28.7% 77,880 22.8% 125,990 36.9% 39,930 11.7% 341,750 2.27%
2010 96,820 27.6% 80,510 23.0% 129,220 36.9% 43,900 12.5% 350,450 2.55%
2015 96,160 26.7% 83,440 23.2% 129,580 36.0% 50,760 14.1% 359,940 2.71%
2020 97,100 26.3% 84,180 22.8% 129,150 34.9% 59,280 16.0% 369,710 2.71%
Lafayette
1980 179,400 37.5% 122,230 25.6% 132,890 27.8% 43,850 9.2% 478,370
1985 182,410 35.4% 134,700 26.1% 150,410 29.2% 48,310 9.4% 515,830 7.83%
1990 167,000 33.6% 120,920 24.3% 155,980 31.4% 52,760 10.6% 496,660 -3.72%
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Table 3-33

Recent Population Trends and Future Population Projections for Each of the 13 Coastal Commuting Zones

Coastal Commuting Zone Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Totalk Number %of Totaa Number %of Totaa Number % of Total Total 5 Year Rates
1995 172,570 33.2% 113,700 21.9% 176,790 34.0% 57,200 11.0% 520,260 4.75%
2000 176,090 32.2% 111,260 20.3% 196,620 35.9% 62,980 11.5% 546,950 5.13%
2005 175,960 31.1% 114,300 20.2% 208,210 36.8% 67,570 11.9% 566,040 3.49%
2010 177,480 30.3% 118,450 20.2% 215,290 36.8% 74,510 12.7% 585,730 3.48%
2015 179,010 29.6% 122,950 20.3% 217,350 35.9% 86,310 14.3% 605,620 3.40%
2020 182,880 29.3% 123,770 19.8% 217,700 34.8% 1,850 0.3% 625,200 3.23%
Victoria
1980 49,710 34.2% 33,560 23.1% 43,710 30.1% 18,450 12.7% 145,430
1985 50,310 32.4% 35,790 23.0% 49,100 31.6% 20,210 13.0% 155,410 6.86%
1990 47,480 31.6% 30,970 20.6% 49,710 33.1% 21,860 14.6% 150,020 -3.47%
1995 49,900 31.3% 29,170 18.3% 57,250 35.9% 23,000 14.4% 159,320 6.20%
2000 51,750 31.4% 27,170 16.5% 61,830 37.5% 23,980 14.6% 164,730 3.40%
2005 53,120 30.8% 28,060 16.3% 65,930 38.2% 25,480 14.8% 172,590 4.77%
2010 54,650 30.2% 29,500 16.3% 68,650 38.0% 28,090 15.5% 180,890 4.81%
2015 56,430 29.6% 31,570 16.5% 70,340 36.9% 32,420 17.0% 190,760 5.46%
2020 59,490 29.5% 32,050 15.9% 72,140 35.8% 37,700 18.7% 201,380 5.57%
Brownsville
1980 232,290 42.8% 122,310 22.5% 137,640 25.3% 50,810 9.4% 543,050
1985 260,430 40.8% 150,080 23.5% 168,710 26.4% 59,130 9.3% 638,350 17.55%
1990 284,200 40.2% 157,360 22.2% 194,940 27.6% 70,890 10.0% 707,390 10.82%
1995 337,980 39.4% 178,140 20.8% 256,150 29.8% 85,930 10.0% 858,200 21.32%
2000 397,590 38.9% 202,900 19.8% 317,890 31.1% 104,170 10.2% 1,022,550 19.15%
2005 434,760 38.0% 232,290 20.3% 358,180 31.3% 108,660 9.5% 1,143,890 11.87%
2010 473,580 37.3% 265,170 20.9% 389,870 30.7% 139,530 11.0% 1,268,150 10.86%
2015 510,220 36.7% 298,620 21.5% 410,130 29.5% 169,530 12.2% 1,388,500 9.49%
2020 554,870 36.7% 320,720 21.2% 430,810 28.5% 25,970 1.7% 1,512,370 8.92%
Corpus Christi
1980 164,120 37.2% 112,250 25.4% 125,300 28.4% 39,820 9.0% 441,490
1985 165,920 35.0% 120,830 25.5% 142,450 30.0% 44900 9.5% 474,100 7.39%
1990 158,680 34.1% 107,950 23.2% 148,760 32.0% 50,180 10.8% 465,570 -1.80%
1995 167,350 33.5% 105,530 21.1% 172,070 34.4% 54,670 10.9% 499,620 7.31%
2000 173,590 33.2% 102,930 19.7% 186,550 35.7% 59,360 11.4% 522,430 4.57%
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Table 3-33

Recent Population Trends and Future Population Projections for Each of the 13 Coastal Commuting Zones

Coastal Commuting Zone Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Totalk Number %of Totaa Number %of Totaa Number % of Total Total 5 Year Rates
2005 178,210 32.4% 108,930 19.8% 198,540 36.1% 64,190 11.7% 549,870 5.25%
2010 183,900 31.7% 116,810 20.2% 206,560 35.6% 72,270 12.5% 579,540 5.40%
2015 190,390 31.1% 126,400 20.6% 210,970 34.4% 85,200 13.9% 612,960 577%
2020 201,090 31.0% 130,780 20.2% 215800 33.3% 101,000 15.6% 648,670 5.83%
Brazoria
1980 86,460 34.8% 69,040 27.8% 72,910 29.4% 19,720 7.9% 248,130
1985 88,960 33.2% 73,440 27.4% 83,800 31.2% 22130 8.2% 268,330 8.14%
1990 88,410 32.8% 66,490 24.7% 89,340 33.2% 24990 9.3% 269,230 0.34%
1995 95,720 32.5% 63,060 21.4% 108,060 36.7% 27,250 9.3% 294,090 9.23%
2000 102,530 32.7% 58,440 18.7% 122,650 39.2% 29560 9.4% 313,180 6.49%
2005 107,120 32.2% 60,150 18.1% 133,250 40.1% 32,090 9.6% 332,610 6.20%
2010 111,890 31.6% 65,010 18.4% 140,810 39.8% 36,100 10.2% 353,810 6.37%
2015 116,780 31.1% 70,120 18.7% 145,870 38.8% 43,010 11.4% 375,780 6.21%
2020 124,060 31.1% 72,060 18.1% 150,790 37.8% 51,620 13.0% 398,530 6.05%
Houston-Galveston
1980 1015470 33.8% 910,580 30.3% 877,050 29.2% 199,580 6.6% 3,002,680
1985 1104890 32.2% 1026580 30.0% 1064970 31.1% 230,970 6.7% 3,427,410 14.15%
1990 1165150 32.2% 979,790 27.0% 1208680 33.4% 269,710 7.4% 3,623,330 5.72%
1995 1272860 31.7% 968,060 24.1% 1472970 36.7% 303,030 7.5% 4,016,920 10.86%
2000 1385130 31.9% 946,340 21.8% 1670550 38.5% 339,370 7.8% 4,341,390 8.08%
2005 1466870 31.4% 1007140 21.6% 1816760 38.9% 374,980 8.0% 4,665,750 7.47%
2010 1554680 31.1% 1088160 21.8% 1923650 38.5% 429,670 8.6% 4,996,160 7.08%
2015 1641970 30.7% 1186100 22.2% 1995160 37.3% 523,450 9.8% 5,346,680 7.02%
2020 1763410 30.9% 1239020 21.7% 2062610 36.1% 641,350 11.2% 5,706,390 6.73%
Beaumont-Port Arthur
1980 152,880 33.4% 108,830 23.8% 144,010 31.5% 51,700 11.3% 457,420
1985 147,220 31.4% 111,540 23.8% 153,260 32.7% 56,830 12.1% 468,850 2.50%
1990 138,960 30.6% 96,550 21.3% 154,210 34.0% 63,660 14.0% 453,380 -3.30%
1995 142,410 29.4% 93,960 19.4% 179,360 37.0% 68,650 14.2% 484,380 6.84%
2000 145,890 28.7% 91,260 18.0% 197,150 38.8% 73,960 14.6% 508,260 4.93%
2005 150,290 27.6% 97,570 17.9% 215,740 39.7% 80,440 14.8% 544,040 7.04%
2010 155,130 26.6% 106,280 18.2% 230,950 39.6% 90,670 15.6% 583,030 7.17%
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Recent Population Trends and Future Population Projections for Each of the 13 Coastal Commuting Zones

Table 3-33

Coastal Commuting Zone

Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Total Number %of Total Number %of Totad Number %of Total Totd 5Year Rates
2015 160,630 25.6% 117,110 18.7% 243,070 38.8% 106,330 17.0% 627,140 7.57%
2020 170,400 25.3% 122,750 18.2% 255,650 37.9% 125,160 18.6% 673,960 7.47%
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zones (a-d).

3-148



02:001000_MMO01_00_03_90-B0266
Fig3-32eg.CDR-7/14/00-GRA

15%

10%

5%

0%

-5%

-10%

Preceeding Five Year Growth Rate

Population
—

Growth Rates

15%

10%

| | 5%

0%

-5%

-10%

Preceeding Five Year Growth Rate

Population
—

Growth Rates

Houston-Galveston
6
o 5 [
H ~ N
- - M - M —
5 @
(e) 2t
J= 3 —
=
5
B 2 |
=
2
4
N |
0
1980 1990 1995 2000 2005 2010 2015 2020
Year
Beaumont-Port Arthur
800
700
3 R .
5., )w ~ M
5 8 500
E
2 G
(f) 5 ¢ 400 =
20
S £ 300 —
z B
M 200
100 —
0
1990 1995 2000 2005 2010 2015 2020
Year
Lake Charles
400
o
e 300 —|
5
L o
= T
25 a * o ¢ ¢
@ i Ty
£ o
SE
2 |
M 100
0
1980 1990 1995 2000 2005 2010 2015 2020
Year

15%

10%

5%

0%

-5%

-10%

Preceeding Five Year Growth Rate

Population
—

Growth Rates

Fig. 3-32. Historical trends and population projections for each of the 13 Gulf coast commuting

zones (e-g).

3-149




02:001000_MMO01_00_03_90-B0266
Fig3-32hj.CDR-7/14/00-GRA

700
600
500
400

(h)

300

Thousands

200

ResidentLabor Force

100

Lafayette

L 4

1985

1990

1995

2000

Year

2005

2010

2015

2020

15%

10%

5%

0%

[ | -5%

-10%

Preceeding Five Year Growth Rate

Population
—

Growth Rates

1000

(i)

ResidentLabor Force
Thousands
a
)
IS)

Baton Rouge

1980

1985

1990

1995

2000

Year

2005

2010

2015

2020

L | 15%

[ | 10%

5%

0%

-5%

| | -10%

Preceeding Five Year Growth Rate

Population
—

Growth Rates

350

Houma

300

250

200

150

Thousands

100

ResidentLabor Force

50

L 4

L 4

1980

1985

1990

1995

2000
Year

2005

2010

2015

2020

15%

10%

5%

0%

[ | -5%

-10%

Preceeding Five Year Growth Rate

Population
—

Growth Rates

Fig. 3-32. Historical trends and population projections for each of the 13 Gulf coast commuting

zones (h+j).

3-150




02:001000_MMO01_00_03_90-B0266
Fig3-32km.CDR-7/14/00-GRA

New Orleans
2000
15% §
4
£
©
o 1500 P 10% 3 )
S 2 Population
lg% s =
a5 A~ N e : : $ Growth Rates
s v
k o g 1000 - - — 0% s
e 2
w
3 w2
2 500 — 2
-10%
3
0 T
1980 1985 1990 1995 2000 2005 2010 2015 2020
Year
Biloxi-Gulfport
700
15% &
600 £
8 10% %
5 500 - — o Population
w &
S8 ~ ¢ * 5% O =
a § 400 $ GrowthRates
38 0% ®
£ 2 300 =2
3E i
‘2 200 — % 2
« B
100 —| -10% &
o
0 T
1980 1985 1990 1995 2000 2005 2010 2015 2020
Year
Mobile
800 15%
700 -
° 10% o
e 600 y - — =
£ 8 500 v + * ¢ 5% £ )
5 = N g Population
m g3 s =
© @ 400 — 09
( ) % 2 0% (é Growth Rate
2
£ F 300 m- )E
é 200 | S
w
100 || -10%
0
1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

Fig. 3-32. Historical trends and population projections for each of the 13 Gulf coast commuting
zones (k-m).

3-151



Section 3.3.2

Labor Force Projections

Although labor force changes and population changes are interrelated, trends can and do
diverge when much of the change in population is found in the non-working ages. This s the
case in both the four-state region and coastal commuting zone, as reflected in table 3-34 and
figures 3-33 and 3-34. The divergence in labor force trends and population change is evident in
a comparison of figures 3-31 and 3-33, where population changes are expected to generally
remain constant while the five year rates for labor force change decrease throughout the
projection period.

Once in double digits during the 1980 to 1985 period, labor force change is projected to
drop to 2.45 percent for the region and 5.67 percent for the coastal areas by the 2015 to 2020
period. Also note that |abor force growth rates drop considerably faster than do population
growth rates throughout the first two decades of the 21% century (e.g., compare tables 3-32 and
3-34). Thisdifference between population and labor force is due to the changing age structure of
the population.

For the region, the proportion of the labor force in younger ages (i.e., 20 to 34) is
projected to stabilize around 33 percent, with a slight rise in proportions in 2015 and 2020. The
coastal areas follow the same trend with a dlightly higher proportion in this age group than
projected for the region. At the same time, the proportion of older workers (i.e.,, 35 to 64)
stabilizes in the region, then declines after 2010. In the coastal areas this decline begins in 2005.
This reflects the retirement of the Baby Boom cohorts. As they exit the labor force, growth in
this age segment of the labor force slows. Because the 35 to 64 ages comprise the largest
category of labor during this time period, this slows overall labor force sooner than population
growth rates. By 2020, the Baby Boom will no longer affect labor force changes and the labor
forceis projected to enter into a period of long-term slow growth.

A review of figure 3-34 indicates that the same geographic pattern for growth exists as
for population (i.e.,, compare to figure 3-30). The coasta Texas commuting zones of
Brownsville and Beaumont-Port Arthur have the highest labor force growth rates, followed by
Brazoria and the Houston-Galveston area. The coastal Louisiana commuting zones of Lake
Charles, Lafayette, Houma, and New Orleans have the lowest growth rates. Moderate labor
force growth is projected for Mobile, Biloxi-Gulfport, Baton Rouge, Corpus Christi, and
Victoria.

By and large these declines in labor force growth can be explained by the aging of the
labor force, as detailed for each of the coastal commuting zones in table 3-35. Graphic
presentations of labor force trends for each of the 13 commuting zones are presented in figure
3-35. With the exception of Brownsville (which has the highest overall labor force growth
rates), al the commuting zones have more than 50 percent of their labor force in the 35 to 64 age
group throughout the projection period.

Also, as with population, the period from 2000 to 2005 is projected to be a critical period
for all commuting zones (figure 3-35). With growth rates falling throughout the projection
period, cumulative growth for the first two decades of the 21% century is largely set between
2000 and 2005.
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Table 3-34

Summary of Recent Labor Force Trends (1980-1995) and Projections for the Gulf Coast Commuting Zones and the Four-state
Region (2000-2020)

Age Range and Proportion

EST-€

0-19 20-34 35-64 65+
Y ear Number % of Total Number % of Total Number % of Total Number % of Total Totd 5 Year Rates
All Coastal Commuting Zones
1980 677,810 15.1% 1,911,890 42.6% 1,812,341 40.4% 86,860 1.9% 4,488,901
1985 631,350 12.6% 2,136,310 42.7% 2,147,100 43.0% 82,560 1.7% 4,997,320 11.33%
1990 607,120 11.8% 1,911,800 38.8% 2,436,120 47.4% 102,680 2.0% 5,140,900 2.87%
1995 656,280 11.7% 1,940,370 34.6% 2,888,350 51.6% 115,790 2.1% 5,600,790 8.95%
2000 731,430 12.1% 1,918,020 31.7% 3,288,040 54.3% 122,600 2.0% 6,060,090 8.20%
2005 766,740 11.9% 2,019,390 31.3% 3,538,210 54.8% 135,400 2.1% 6,459,740 6.59%
2010 824,120 12.1% 2,155,930 31.7% 3,669,680 53.9% 158,940 2.3% 6,808,670 5.40%
2015 811,420 11.5% 2,317,800 32.9% 3,726,410 52.8% 199,070 2.8% 7,054,700 3.61%
2020 843,070 11.6% 2,400,310 33.0% 3,787,410 52.1% 239,070 33% 7,269,860 3.05%
Four-State Region
1980 1,919,910 15.3% 5,171,390 41.3% 5,144,110 41.1% 288,180 2.3% 12,523,590
1985 1,779,530 127 5,907,770 42.3% 6,031,630 43.1% 263,850 1.9% 13,982,780 11.65%
1990 1,745,120 119 5,741,390 39.0% 6,910,510 47.0% 318,870 2.2% 14,715,890 5.24%
1995 1,842,970 11.6 5,576,460 35.0% 8,137,640 51.1% 355,610 2.2% 15,912,680 8.13%
2000 2,016,240 118 5,457,070 32.0% 9,228,390 54.1% 371,050 2.2% 17,072,750 7.29%
2005 2,109,700 116 5,701,420 31.4% 9,951,180 54.8% 407,400 2.2% 18,169,700 6.43%
2010 2,270,390 119 6,049,780 31.6% 10,339,790 54.0% 475,630 2.5% 19,135,590 5.32%
2015 2,223,310 112 6,495,380 32.8% 10,500,180 53.0% 592,560 3.0% 19,811,430 3.53%
2020 2,299,470 113 6,719,420 32.9% 10,666,120 52.3% 708,700 3.5% 20,393,710 2.94%
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Table 3-35

Summary of Labor Force Historical Trends and Future Projections for the 13 Coastal Commuting Zones

Coastal Commuting Zone Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Total Number % of Total Number % of Total Number % of Total Totd 5Year Rates
Mobile
1980 39,260 15.9% 97,980 39.7% 103,530 41.9% 6,300 2.5% 247,070
1985 34,730 13.2% 104,760 39.7% 118,080 44.8% 6,040 2.3% 263,610 6.69%
1990 33,490 12.2% 99,450 36.1% 135,310 49.1% 7,190 2.6% 275,440 4.49%
1995 34,240 11.5% 99,210 33.3% 156,210 52.5% 8,020 2.7% 297,680 8.07%
2000 35,230 11.0% 96,460 30.2% 179,440 56.2% 8,310 2.6% 319,440 7.31%
2005 37,260 11.0% 96,390 28.5% 195,930 57.8% 9,150 2.7% 338,730 6.04%
2010 39,790 11.2% 98,810 27.9% 205,210 57.9% 10,690 3.0% 354,500 4.66%
2015 38,730 10.7% 104,210 28.7% 206,910 57.0% 13,350 3.7% 363,200 2.45%
2020 38,590 10.5% 106,320 29.0% 206,300 56.2% 15,820 4.3% 367,030 1.05%
Biloxi
1980 31,420 16.8% 73,960 39.6% 77,580 41.5% 3,790 2.0% 186,750
1985 27,760 13.9% 80,800 40.3% 87,890 43.9% 3,850 1.9% 200,300 7.26%
1990 25,380 12.3% 76,920 37.1% 100,050 48.3% 4,760 2.3% 207,110 3.40%
1995 26,840 11.8% 78,830 34.6% 116,610 51.2% 5,560 2.4% 227,840 10.01%
2000 29,160 11.4% 82,410 32.1% 138,810 54.1% 6,020 2.3% 256,400 12.54%
2005 30,790 11.1% 85,210 30.8% 153,450 55.5% 6,840 2.5% 276,290 7.76%
2010 33,660 11.5% 87,500 29.9% 163,070 55.8% 8,070 2.8% 292,300 5.79%
2015 33,030 10.9% 92,500 30.6% 166,260  55.1% 10,120 3.4% 301,910 3.29%
2020 33,270 10.8% 95,180 31.0% 166,890 54.3% 12,070 3.9% 307,410 1.82%
New Orleans
1980 101,960 14.9% 288,450  42.2% 278,980  40.8% 14,230 2.1% 683,620
1985 90,400 12.6% 302,110 42.1% 311,830 43.5% 13,150 1.8% 717,490 4.95%
1990 79,390 11.4% 264,530 37.9% 337,290 48.4% 15,900 2.3% 697,110 -2.84%
1995 84,680 11.9% 239,030 33.5% 373,800 52.3% 16,740 2.3% 714,250 2.46%
2000 86,740 11.8% 227,770  30.9% 405,300 55.0% 16,720 2.3% 736,530 3.12%
2005 85,320 11.3% 230,620 30.5% 421,470  55.8% 17,810 2.4% 755,220 2.54%
2010 86,890 11.3% 236,400 30.8% 424800 55.3% 20,190 2.6% 768,280 1.73%
2015 83,550 10.8% 243,620 31.5% 420,940 54.5% 24,480 3.2% 772,590 0.56%
2020 84,160 10.9% 244,090 31.5% 417,290 53.9% 28,690 3.7% 774,230 0.21%
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Table 3-35

Summary of Labor Force Historical Trends and Future Projections for the 13 Coastal Commuting Zones

Coastal Commuting Zone Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Total Number % of Total Number % of Total Number % of Total Totd 5Year Rates
Houma
1980 23,340 17.6% 55,680 42.0% 51,200 38.7% 2,250 1.7% 132,470
1985 19,890 14.2% 60,030 42.8% 58,220 41.5% 2,140 1.5% 140,280 5.90%
1990 16,590 12.1% 53,870 39.3% 64,000 46.7% 2,650 1.9% 137,110 -2.26%
1995 17,580 12.5% 48,860 34.9% 70,790 50.5% 2,890 2.1% 140,120 2.20%
2000 18,390 12.7% 46,430 32.1% 76,700 53.1% 2,970 2.1% 144,490 3.12%
2005 18,090 12.3% 46,920 31.8% 79,420 53.8% 3,160 2.1% 147,590 2.15%
2010 18,370 12.3% 48,000 32.1% 79,420 53.2% 3,610 2.4% 149,400 1.23%
2015 17,670 11.8% 49,330 33.0% 78,060 52.2% 4,410 3.0% 149,470 0.05%
2020 17,730 11.9% 49,330 33.1% 76,780 51.5% 5,190 3.5% 149,030 -0.29%
Baton Rouge
1980 57,400 16.6% 152,710 44.1% 129,890 37.5% 6,350 1.8% 346,350
1985 52,310 13.8% 166,310 43.8% 155,250  40.9% 5,990 1.6% 379,860 9.68%
1990 46,700 12.3% 150,360 39.6% 175,220  46.2% 7,290 1.9% 379,570 -0.08%
1995 51,510 12.8% 141,140 35.0% 202,060 50.2% 8,060 2.0% 402,770 6.11%
2000 55,310 12.8% 140,560 32.6% 227,210 52.7% 8,440 2.0% 431,520 7.14%
2005 55,500 12.4% 145,230 32.3% 239,260 53.3% 9,150 2.0% 449,140 4.08%
2010 57,480 12.4% 152,010 32.8% 243,610 52.5% 10,510 2.3% 463,610 3.22%
2015 56,320 12.0% 158,470 33.7% 242,810 51.6% 12,990 2.8% 470,590 1.51%
2020 57,410 12.1% 160,680 33.8% 241,540 50.8% 15,390 3.2% 475,020 0.94%
Lake Charles
1980 26,140 16.4% 66,510 41.8% 63,190 39.7% 3,370 2.1% 159,210
1985 23,090 13.5% 73,840 43.3% 70,680 41.4% 2,990 1.8% 170,600 7.15%
1990 20,580 12.2% 68,300 40.4% 76,580 45.3% 3,530 2.1% 168,990 -0.94%
1995 20,900 12.0% 63,360 36.5% 85,350 49.2% 3,850 2.2% 173,460 2.65%
2000 21,290 11.8% 61,830 34.3% 93,370 51.7% 3,940 2.2% 180,430 4.02%
2005 20,690 11.1% 63,540 34.2% 97,320 52.4% 4,270 2.3% 185,820 2.99%
2010 20,820 11.0% 65,780 34.7% 98,200 51.8% 4,830 2.5% 189,630 2.05%
2015 19,770 10.3% 68,190 35.7% 97,210 50.9% 5,860 3.1% 191,030 0.74%
2020 19,700 10.3% 68,840 35.9% 96,290 50.2% 6,860 3.6% 191,690 0.35%

Page 2 of 5

14:001000_ MMOL_00 05 00 T1346
T3 35.doc-12/14/00



Table 3-35

Summary of Labor Force Historical Trends and Future Projections for the 13 Coastal Commuting Zones
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Coastal Commuting Zone Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Total Number % of Total Number % of Total Number % of Total Total 5 Year Rates
L afayette
1980 40,870 17.2% 96,590 40.8% 94,280 39.8% 5,240 2.2% 236,980
1985 36,330 14.0% 108,730 41.9% 109,590 42.2% 4,760 1.8% 259,410 9.46%
1990 30,560 12.1% 98,260 38.9% 118,470 46.9% 5,500 2.2% 252,790 -2.55%
1995 33,310 12.5% 91,850 34.5% 134,900 50.7% 6,090 2.3% 266,150 5.29%
2000 35,760 12.6% 89,870 31.7% 151,690 53.5% 6,380 2.2% 283,700 6.59%
2005 35,670 12.1% 92,380 31.3% 159,990 54.2% 6,890 2.3% 294,930 3.96%
2010 36,680 12.1% 95,830 31.6% 162,740 53.7% 7,900 2.6% 303,150 2.79%
2015 35,570 11.6% 99,450 32.4% 162,150 52.9% 9,610 3.1% 306,780 1.20%
2020 36,000 11.7% 100,200 32.4% 161,470 52.3% 11,320 3.7% 308,990 0.72%
Victoria
1980 11,080 15.6% 26,810 37.8% 30,950 43.6% 2,080 2.9% 70,920
1985 9,780 12.8% 29,320 38.3% 35,590 46.5% 1,900 2.5% 76,590 7.99%
1990 8,610 11.6% 25,630 34.5% 37,810 50.9% 2,240 3.0% 74,290 -3.00%
1995 9,180 11.5% 24,090 30.2% 44,170 55.3% 2,440 3.1% 79,880 7.52%
2000 10,290 12.3% 22,470 26.8% 48,560 57.9% 2,480 3.0% 83,800 4.91%
2005 10,830 12.2% 23,220 26.3% 51,710 58.5% 2,660 3.0% 88,420 5.51%
2010 11,740 12.7% 24,460 26.5% 53,040 57.5% 3,060 3.3% 92,300 4.39%
2015 11,540 12.1% 26,150 27.5% 53,630 56.4% 3,710 3.9% 95,030 2.96%
2020 12,110 12.4% 26,600 27.2% 54,570 55.9% 4,380 4.5% 97,660 2.77%
Brownsville
1980 45,610 18.5% 96,520 39.2% 97,630 39.7% 6,210 2.5% 245,970
1985 50,220 16.7% 122,410 40.6% 122,960 40.8% 6,020 2.0% 301,610 22.62%
1990 58,090 16.8% 129,920 37.6% 149,230 43.2% 8,020 2.3% 345,260 14.47%
1995 68,200 16.1% 146,680 34.6% 199,270 47.0% 10,180 2.4% 424,330 22.90%
2000 84,630 16.4% 167,480 32.5% 251,780 48.8% 12,070 2.3% 515,960 21.59%
2005 92,840 15.9% 192,240 33.0% 284,050 48.7% 14,130 2.4% 583,260 13.04%
2010 105,360 16.3% 219,740 33.9% 305,260 47.1% 17,380 2.7% 647,740 11.06%
2015 110,370 15.8% 247,590 35.5% 317,830 45.5% 22,140 3.2% 697,930 7.75%
2020 120,780 16.2% 266,390 35.7% 332,160 44.5% 26,990 3.6% 746,320 6.93%

14:001000 MMO1_00 05 00 T1346
T3_35.doc-12/14/00 Page3of 5



Table 3-35

Summary of Labor Force Historical Trends and Future Projections for the 13 Coastal Commuting Zones

Coastal Commuting Zone Age Range and Proportion

LST-€

0-19 20-34 35-64 65+
Year Number % of Total Number % of Total Number % of Total Number % of Total Total 5 Year Rates
Corpus Christi
1980 35,240 16.1% 89,620 40.9% 89,540 40.8% 4,850 2.2% 219,250
1985 32,440 13.5% 99,200 41.2% 104,330 43.4% 4,540 1.9% 240,510 9.70%
1990 30,480 12.7% 89,530 37.3% 114,160 47.6% 5,630 2.3% 239,800 -0.30%
1995 32,150 12.4% 87,200 33.6% 133,590 51.5% 6,330 2.4% 259,270 8.12%
2000 35,650 13.0% 85,190 31.0% 147,150 53.6% 6,650 2.4% 274,640 5.93%
2005 37,190 12.8% 90,240 31.0% 156,380 53.7% 7,310 2.5% 291,120 6.00%
2010 40,260 13.2% 96,830 31.7% 160,280 52.4% 8,560 2.8% 305,930 5.09%
2015 39,840 12.6% 104,780 33.1% 161,570 51.0% 10,590 3.3% 316,780 3.55%
2020 41,930 12.8% 108,610 33.2% 164,020 50.1% 12,640 3.9% 327,200 3.29%
Brazoria
1980 18,650 14.3% 55,810 42.9% 53,370 41.0% 2,350 1.8% 130,180
1985 16,780 11.8% 60,690 42.6% 62,760 44.1% 2,200 1.5% 142,430 9.41%
1990 15,760 11.0% 55,350 38.6% 69,580 48.5% 2,750 1.9% 143,440 0.71%
1995 17,090 10.9% 52,270 33.3% 84,750 53.9% 3,090 2.0% 157,200 9.59%
2000 19,600 11.6% 48,580 28.8% 97,360 57.7% 3,250 1.9% 168,790 7.37%
2005 20,840 11.6% 50,090 27.8% 105,440 58.6% 3,570 2.0% 179,940 6.61%
2010 22,780 11.9% 54,230 28.4% 109,910 57.5% 4,230 2.2% 191,150 6.23%
2015 22,500 11.3% 58,520 29.4% 112,520 56.6% 5,310 2.7% 198,850 4.03%
2020 23,700 11.5% 60,310 29.3% 115,620 56.1% 6,390 3.1% 206,020 3.61%
Houston-Galveston
1980 212,660 13.3% 725,080 45.3% 640,660 40.0% 23,700 1.5% 1,602,100
1985 208,300 11.1% 837,700 44.8% 799,730 42.8% 23,370 1.3% 1,869,100 16.67%
1990 215,340 10.8% 804,110 40.4% 942,890 47.3% 30,360 1.5% 1,992,700 6.61%
1995 233,480 10.6% 791,240 35.8% 1151350 52.1% 34,950 1.6% 2,211,020 10.96%
2000 269,410 11.2% 774,530 32.3% 1319550 55.0% 37,500 1.6% 2,400,990 8.59%
2005 289,930 11.2% 823,860 31.9% 1429030 55.3% 41,810 1.6% 2,584,630 7.65%
2010 316,140 11.5% 889,900 32.4% 1490830 54.3% 49,770 1.8% 2,746,640 6.27%
2015 309,810 10.8% 969,770 33.8% 1526970 53.2% 64,040 2.2% 2,870,590 4.51%
2020 324,010 10.9% 1013890 34.0% 1567530 52.5% 78,500 2.6% 2,983,930 3.95%
1980 34,180 15.0% 86,170 37.8% 101,540 44.5% 6,140 2.7% 228,030
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Table 3-35

Summary of Labor Force Historical Trends and Future Projections for the 13 Coastal Commuting Zones

Coastal Commuting Zone Age Range and Proportion

0-19 20-34 35-64 65+
Year Number % of Total Number % of Total Number % of Total Number % of Total Total 5 Year Rates
Beaumont
1985 29,320 12.4% 90,410 38.4% 110,190 46.8% 5,610 2.4% 235,530 3.29%
1990 26,150 11.5% 78,750 34.6% 115,530 50.8% 6,860 3.0% 227,290 -3.50%
1995 27,120 11.0% 76,610 31.0% 135,500 54.9% 7,590 3.1% 246,820 8.59%
2000 29,970 11.4% 74,440 28.3% 151,120 57.4% 7,870 3.0% 263,400 6.72%
2005 31,790 11.2% 79,450 27.9% 164,760 57.9% 8,650 3.0% 284,650 8.07%
2010 34,150 11.2% 86,440 28.4% 173,310 57.0% 10,140 3.3% 304,040 6.81%
2015 32,720 10.2% 95,220 29.8% 179,550 56.1% 12,460 3.9% 319,950 5.23%
2020 33,680 10.0% 99,870 29.8% 186,950 55.8% 14,830 4.4% 335,330 4.81%
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Figure 3-33  HISTORICAL TRENDS AND LABOR FORCE PROJECTIONS FOR GULF
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Section 3.3.2

Employment by Industry Projections

Although the growth of the labor force is projected to slow considerably during the first
two decades of the 21% century, these growth rates vary considerably by industry, as seen in table
3-36. For the coastal area noted in the table, the overall change in labor force of 20 percent is
primarily driven by retail and services growth (19.65 and 36.71 percent, respectively). While
farming is projected to continue its long-term employment decline (-12.64 percent), related
activities in agricultural services, forestry, and fisheries are projected to realize an increase in
employment (39.28 percent). Total employment in oil and gas is projected to decrease from
134,486 to 108,075. This would constitute a loss of over 19 percent for the coastal commuting
zones, irrespective of any proposed FPSO activities.

As seenin figure 3-36, the areas most effected by thislossin oil and gas employment are
the Lake Charles and New Orleans commuting zones in Louisiana, and the Beaumont-Port
Arthur areain Texas. However, with the exception of Biloxi-Gulfport, al areas are projected to
lose employment in this industry. Table 3-37 outlines the projected growth or decline in
employment for each of the 13 commuting zones during the period 2000 to 2020. As noted
previously, projected declines in oil and gas employment are expected in all but one of the
coastal commuting zones, with declines ranging from nearly 16 to more than 32 percent. The
sole exception to thistrend is evident for the Biloxi-Gulfport area; while employment projections
in the oil and gas industry for this area are positive, these projections involve a very small
number of jobs (i.e., 356 in 2000, increasing to 363 in 2020).

3.3.2.3 Public Services, Infrastructure, and Land Use Plans

Public services and infrastructure encompass those facilities and services which are
routinely or commonly provided to resident and migrant populations, including (but not
restricted to) housing, transportation (e.g., public transit, roads and highways), potable water
supplies, police and fire protection, educational facilities, recreational and health care facilities,
and solid waste disposal and sewage treatment. Coastal parishes and counties along the Gulf
Coast from Texas to Mississippi could potentially be affected by future FPSO operations
offshore (i.e,, from construction and installation activities, FPSO operations, and facility
decommissioning) and associated onshore support services.

According to USDOI, MMS (1997b), infrastructure and public service development
onshore of the Central and Western GOM OCS Planning Areas has paralleled population growth
and community development. Public services and infrastructure are very closely tied to
population levels, migration patterns, and employment trends. The oil and gas industry in the
GOM is amagjor factor in the region, one whose influence is well documented during historical
boom and bust cycles. While the Gulf Coast region supports diverse agricultural, forestry, and
fisheries industries, oil and gas development is recognized as a mgjor factor affecting community
infrastructure change.

USDOI, MMS (1997b, 1998a) has summarized the historical trends of offshore oil and
gas development during the past 50 years, with emphasis on regional effects of global and
domestic oil production and pricing and new extraction technologies. For example, the period of
positive net migration and population growth along the Texas, Louisiana, and Mississippi coast
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Table 3-36

Summary of Employment by Industry Projections for the Gulf Coast Region, 2000-2020

Employment Sector 2000 2005 2010 2015 2020 Change to 2020
All-Industry Total 6,350,330 6,761,540 7,127,550 7,395590 7,635210 20.23%
Farm 114,670 113,450 111,800 108,810 100,170 -12.64%
Non-Farm 6,235,720 6,648,160 7,016,000 7,287,090 7,534,980 20.84%
Private 5219480 5,582,960 5,907,660 6,147,740 6,373,660 22.11%
Ag Services, Forestry 85,920 96,420 105,750 112,590 119,670 39.28%
Mining 139,950 133,160 127,570 122,560 113,180 -19.13%
Oil and Gas 134,486 127,671 122,125 117,162 108,075 -19.64%
Construction 421,190 445,010 466,610 481,160 491,800 16.76%
Manufacturing 607,140 617,840 628,490 634,340 629,110 3.62%
Durables 268,460 271,360 273,550 274,670 269,340 0.33%
Nondurables 338,640 346,780 354,480 359,650 359,540 6.17%
Transport. & Utilities 336,130 353,250 368,110 378,420 386,230 14.90%
Wholesale Trade 288,690 302,680 314,030 320,470 323,070 11.91%
Retail Trade 1,086,830 1,154,230 1,218400 1,262,780 1,300,380  19.65%
F.I.R.E. 364,810 385,020 402,890 416,360 427,510 17.19%
Services 1,889,130 2,095,090 2,275,690 2,418,720 2,582,650 36.71%
Government 1,016,360 1,065,310 1,108,150 1,139,300 1,161,480 14.28%
Federal Civilian 85,670 84,760 83,830 82,670 79,890 -6.75%
Military 92,220 92,370 92,690 92,750 92,350 0.14%
State and Local 838,240 888,000 931,640 963,620 989,130 18.00%
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Table 3-37

Summary of Future Projections for Employment Within the 13 Coastal Commuting Zones,

2000-2020
2000 2005 2010 2015 2020 Change to 2020
Mobile
All-Industry Total 609,680 640,530 673,380 704,090 732,380 20.13%
Farm 12,050 11,650 11,370 11,160 10,120 -16.02%
Non-Farm 597,810 628,880 662,010 693,110 722,070 20.79%
Private 505,050 533,140 562,800 590,210 616,720 22.11%
Ag Services, Forestry 7,850 8,370 8,800 9,300 9,560 21.78%
Mining 2,370 2,180 2,200 2,230 2,060 -13.08%
Qil and Gas 2,277 2,090 2,106 2,132 1,967 -13.63%
Construction 42,000 43,870 46,030 47,820 49,110 16.93%
Manufacturing 88,740 89,190 90,410 91,730 90,910 2.45%
Durables 38,340 39,130 40,160 41,310 41,610 8.53%
Nondurables 50,580 50,060 50,250 50,430 49,300 -2.53%
Transport. & Utilities 33,050 34,580 36,130 37,590 38,800 17.40%
Wholesale Trade 26,660 27,670 28,790 29,770 30,370 13.92%
Retail Trade 105,720 110,490 116,080 121,130 125,590 18.79%
F.I.R.E. 30,680 31,850 33,190 34,610 35,800 16.69%
Services 168,170 184,750 200,990 216,210 234,320 39.34%
Government 92,760 95,740 99,210 102,710 105,540 13.78%
Federal Civilian 6,210 6,010 5,870 5,950 5,620 -9.50%
Military 11,140 11,100 11,190 11,350 11,430 2.60%
State and Local 75,410 78,630 82,160 85,590 88,480 17.33%
Biloxi-Gulfport
All-Industry Total 256,400 276,290 292,300 301,910 307,410 19.89%
Farm 1,840 1,880 1,900 1,780 1,640 -10.87%
Non-Farm 254,440 274,410 290,400 300,130 305,770 20.17%
Private 194,780 212,500 227,020 236,190 242,630 24.57%
Ag Services, Forestry 3,550 4,130 4,560 4,960 5,410 52.39%
Mining 370 380 380 380 380 2.70%
Qil and Gas 356 364 364 363 363 2.05%
Construction 13,110 14,130 14,830 15,130 15,220 16.09%
Manufacturing 40,430 41,770 42,590 42,710 41,630 2.97%
Durables 29,520 30,520 31,180 31,140 30,310 2.68%
Nondurables 10,900 11,260 11,410 11,570 11,190 2.66%
Transport. & Utilities 9,680 10,380 11,030 11,310 11,450 18.29%
Wholesale Trade 4,900 5,130 5,320 5,340 5,280 7.76%
Retail Trade 41,770 44,780 47,280 48,690 49,180 17.74%
F.I.R.E. 9,430 9,880 10,390 10,550 10,570 12.09%
Services 71,420 81,920 90,630 96,990 103,390 44.76%
Government 59,780 61,910 63,380 63,940 63,270 5.84%
Federal Civilian 11,270 11,130 11,030 10,810 10,190 -9.58%
Military 20,830 21,260 21,550 21,610 21,380 2.64%
State and Local 27,690 29,520 30,930 31,650 31,820 14.92%
New Orleans
All-Industry Total 736,530 755,220 768,280 772,590 774,230 5.12%
Farm 4,840 4,570 4,330 4,020 3,580 -26.03%
Non-Farm 731,690 750,650 764,030 768,570 770,650 5.32%
Private 610,040 628,190 641,390 646,630 650,310 6.60%
Ag Services, Forestry 10,000 10,960 11,750 12,140 12,670 26.70%
Mining 16,210 15,060 14,070 13,200 11,920 -26.47%
Qil and Gas 15,577 14,439 13,469 12,619 11,382 -26.93%
Construction 34,530 34,770 34,800 34,450 33,680 -2.46%
Manufacturing 48,730 47,310 46,080 44,770 42,700 -12.37%
Durables 23,560 22,710 21,960 21,170 19,900 -15.53%
Nondurables 25,170 24,600 24,120 23,600 22,730 -9.69%
14:001000_MMO01_00_05_00_T1346 3-167

T3_37.doc-12/14/00

Page 1 of 6



Table 3-37

Summary of Future Projections for Employment Within the 13 Coastal Commuting Zones,

2000-2020
2000 2005 2010 2015 2020 Change to 2020
Transport. & Utilities 47,430 47,070 46,700 45,910 44,560 -6.05%
Wholesale Trade 36,380 36,820 36,880 36,500 35,770 -1.68%
Retail Trade 132,700 135,540 137,940 138,480 138,300 4.22%
F.I.R.E. 42,920 43,680 44,150 44,240 44,190 2.96%
Services 241,050 256,970 269,010 276,800 286,520 18.86%
Government 121,650 122,450 122,630 121,940 120,340 -1.08%
Federal Civilian 13,790 13,170 12,600 12,060 11,400 -17.33%
Military 12,100 11,830 11,600 11,380 11,180 -7.60%
State and Local 95,760 97,460 98,430 98,410 97,770 2.10%
Baton Rouge
All-Industry Total 431,520 449,140 463,610 470,590 475,020 10.08%
Farm 5,180 4,920 4,610 4,300 3,700 -28.57%
Non-Farm 426,340 444,220 459,000 466,290 471,320 10.55%
Private 341,690 358,510 372,450 379,920 386,310 13.06%
Ag Services, Forestry 3,380 3,690 4,010 4,210 4,450 31.66%
Mining 2,220 2,150 2,000 1,960 1,800 -18.92%
Oil and Gas 2,133 2,061 1,915 1,874 1,719 -19.43%
Construction 45,230 46,340 47,280 47,540 47,200 4.36%
Manufacturing 37,200 36,800 36,460 35,800 34,500 -7.26%
Durables 10,250 10,250 10,120 9,980 9,570 -6.63%
Nondurables 26,950 26,550 26,250 25,820 24,930 -7.50%
Transport. & Utilities 19,660 20,200 20,640 20,830 20,760 5.60%
Wholesale Trade 19,130 19,990 20,640 20,830 20,850 8.99%
Retail Trade 64,260 65,820 67,320 67,590 67,200 4.58%
F.I.R.E. 26,420 27,580 28,550 29,050 29,570 11.92%
Services 124,180 135,840 145,550 152,200 160,080 28.91%
Government 84,660 85,810 86,550 86,370 85,010 0.41%
Federal Civilian 3,170 3,080 3,010 2,840 2,750 -13.25%
Military 4,540 4,410 4,310 4,210 4,080 -10.13%
State and Local 76,830 78,220 79,240 79,230 78,190 1.77%
L afayette
All-Industry Total 283,700 294,930 303,150 306,780 308,990 8.91%
Farm 7,190 6,830 6,470 6,110 5,370 -25.31%
Non-Farm 276,510 288,100 296,680 300,670 303,620 9.80%
Private 236,700 247,430 255,620 259,660 262,840 11.04%
Ag Services, Forestry 3,250 3,510 3,670 3,820 3,860 18.77%
Mining 17,930 16,970 16,130 15,360 14,130 -21.19%
Oil and Gas 17,230 16,270 15,442 14,683 13,493 -21.69%
Construction 14,190 14,530 14,780 14,880 14,790 4.23%
Manufacturing 30,450 31,400 31,880 32,050 31,740 4.24%
Durables 12,220 12,480 12,560 12,500 12,240 0.16%
Nondurables 18,230 18,920 19,320 19,460 19,490 6.91%
Transport. & Utilities 17,640 18,140 18,450 18,510 18,460 4.65%
Wholesale Trade 13,200 13,650 14,010 14,020 14,030 6.29%
Retail Trade 49,270 51,690 53,710 54,750 55,660 12.97%
F.I.R.E. 13,300 13,950 14,490 14,880 15,260 14.74%
Services 77,550 83,580 88,390 91,390 95,020 22.53%
Government 39,810 40,670 41,060 41,110 40,680 2.19%
Federal Civilian 1,770 1,760 1,740 1,620 1,600 -9.60%
Military 3,550 3,510 3,480 3,430 3,390 -4.51%
State and Local 34,490 35,400 35,940 35,960 35,690 3.48%
Lake Charles
All-Industry Total 180,430 185,820 189,630 191,030 191,690 6.24%
Farm 5,450 5,210 4,920 4,630 4,150 -23.85%
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Table 3-37

Summary of Future Projections for Employment Within the 13 Coastal Commuting Zones,

2000-2020
2000 2005 2010 2015 2020 Change to 2020
Non-Farm 174,980 180,680 184,710 186,400 187,540 7.18%
Private 133,440 138,920 142,970 145,020 146,740 9.97%
Ag Services, Forestry 2,010 2,180 2,280 2,380 2,470 22.89%
Mining 2,150 1,900 1,800 1,630 1,470 -31.63%
Qil and Gas 2,066 1,822 1,723 1,558 1,404 -32.06%
Construction 13,060 13,730 14,190 14,360 14,450 10.64%
Manufacturing 16,500 16,270 16,130 15,860 15,380 -6.79%
Durables 5,020 4,930 4,780 4,700 4,410 -12.15%
Nondurables 11,410 11,340 11,290 11,160 10,970 -3.86%
Transport. & Utilities 9,250 9,580 9,760 9,800 9,830 6.27%
Wholesale Trade 5,880 6,060 6,160 6,120 6,090 3.57%
Retail Trade 29,560 30,490 31,220 31,510 31,570 6.80%
F.I.R.E. 7,600 7,820 7,890 7,960 7,960 4.74%
Services 47,490 50,980 53,590 55,400 57,520 21.12%
Government 41,540 41,680 41,680 41,380 40,800 -1.78%
Federal Civilian 5,020 4,790 4,640 4,420 4,210 -16.14%
Military 9,760 9,580 9,420 9,260 9,100 -6.76%
State and Local 26,760 27,320 27,620 27,700 27,490 2.73%
Beaumont-Port Arthur
All-Industry Total 263,400 284,650 304,040 319,950 335,330 27.31%
Farm 3,530 3,660 3,670 3,780 3,640 3.12%
Non-Farm 259,870 280,990 300,370 316,300 331,820 27.69%
Private 224,430 243,380 260,680 275,080 289,330 28.92%
Ag Services, Forestry 3,530 4,150 4,680 5,090 5,670 60.62%
Mining 1,530 1,340 1,260 1,170 1,080 -29.41%
Qil and Gas 1,470 1,285 1,206 1,118 1,031 -29.86%
Construction 24,020 26,250 28,320 30,000 31,700 31.97%
Manufacturing 34,970 35,410 35,900 36,260 35,880 2.60%
Durables 12,830 13,190 13,530 13,830 13,890 8.26%
Nondurables 22,020 22,220 22,380 22,430 21,990 -0.14%
Transport. & Utilities 13,540 14,170 14,790 15,260 15,780 16.54%
Wholesale Trade 8,830 9,520 10,110 10,570 10,930 23.78%
Retail Trade 48,860 52,750 56,380 59,220 61,910 26.71%
F.I.R.E. 10,710 11,360 11,880 12,260 12,540 17.09%
Services 78,540 88,530 97,470 105,000 113,840 44.95%
Government 35,440 37,610 39,570 41,220 42,490 19.89%
Federal Civilian 1,770 1,830 1,900 1,960 1,890 6.78%
Military 1,770 1,830 1,900 1,960 2,020 14.12%
State and Local 31,910 33,950 35,780 37,300 38,580 20.90%
Houston-Galveston
All-Industry Total 2,400,990 2,584,630 2,746,640 2,870,590 2,983,930 24.28%
Farm 40,890 40,890 40,680 39,810 37,080 -9.32%
Non-Farm 2,360,100 2,543,740 2,705,960 2,830,780 2,946,850 24.86%
Private 2,039,340 2,201,760 2,345,730 2,456,490 2,561,010 25.58%
Ag Services, Forestry 27,460 31,600 35,310 38,170 41,540 51.27%
Mining 68,660 66,290 64,220 62,380 58,130 -15.34%
Qil and Gas 65,979 63,557 61,479 59,632 55,508 -15.87%
Construction 166,170 177,110 186,890 193,810 199,180 19.87%
Manufacturing 210,290 213,970 217,520 219,590 217,640 3.50%
Durables 104,990 105,320 105,760 105,800 103,340 -1.57%
Nondurables 105,300 108,650 111,760 113,870 114,300 8.55%
Transport. & Utilities 135,150 144,890 153,300 159,640 165,150 22.20%
Wholesale Trade 126,280 133,590 139,430 143,260 144,960 14.79%
Retail Trade 389,650 417,650 443,850 462,770 479,170 22.97%
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Table 3-37

Summary of Future Projections for Employment Within the 13 Coastal Commuting Zones,

2000-2020
2000 2005 2010 2015 2020 Change to 2020
F.I.R.E. 162,390 173,010 182,220 189,260 195,190 20.20%
Services 753,300 843,730 923,080 987,530 1,060,050 40.72%
Government 320,760 341,910 360,220 374,290 385,840 20.29%
Federal Civilian 24,990 25,320 25,490 25,630 25,190 0.80%
Military 13,040 13,090 13,170 13,240 13,220 1.38%
State and Local 282,730 303,570 321,570 335,500 347,510 22.91%
Corpus Christi
All-Industry Total 274,640 291,120 305,930 316,780 327,200 19.14%
Farm 9,060 9,150 9,140 9,080 8,530 -5.85%
Non-Farm 265,580 281,970 296,790 307,700 318,670 19.99%
Private 213,050 227,590 240,680 250,370 260,430 22.24%
Ag Services, Forestry 4,680 5,300 5,950 6,380 6,870 46.79%
Mining 9,570 9,050 8,610 8,220 7,530 -21.32%
Qil and Gas 9,196 8,677 8,243 7,858 7,190 -21.81%
Construction 19,850 21,110 22,320 23,140 23,920 20.50%
Manufacturing 16,900 17,570 18,280 18,710 19,160 13.37%
Durables 4,070 4,160 4,140 4,220 4,210 3.44%
Nondurables 12,830 13,520 14,030 14,490 14,950 16.52%
Transport. & Utilities 10,280 10,610 10,950 11,140 11,290 9.82%
Wholesale Trade 8,860 9,250 9,560 9,730 9,850 11.17%
Retail Trade 47,330 49,700 51,960 53,430 54,590 15.34%
F.I.R.E. 14,760 15,490 16,150 16,660 17,050 15.51%
Services 80,720 89,310 96,910 102,960 110,170 36.48%
Government 52,530 54,380 56,110 57,320 58,240 10.87%
Federal Civilian 7,020 6,860 6,590 6,380 6,090 -13.25%
Military 6,620 6,760 6,910 7,030 7,200 8.76%
State and Local 38,780 40,760 42,510 43,800 44,840 15.63%
Brownsville
All-Industry Total 515,960 583,260 647,740 697,930 746,320 44.65%
Farm 15,350 15,640 15,930 15,680 14,670 -4.43%
Non-Farm 500,610 567,620 631,980 682,250 731,650 46.15%
Private 392,030 445,310 496,470 536,390 576,020 46.93%
Ag Services, Forestry 15,190 16,960 18,670 19,730 20,390 34.23%
Mining 2,060 1,980 1,880 1,760 1,610 -21.84%
Qil and Gas 1,980 1,898 1,800 1,682 1,537 -22.34%
Construction 24,060 27,160 30,150 32,410 34,530 43.52%
Manufacturing 47,480 52,190 56,880 60,420 63,510 33.76%
Durables 12,820 13,830 14,560 15,330 15,560 21.37%
Nondurables 34,660 38,520 42,140 45,100 47,940 38.32%
Transport. & Utilities 18,830 21,240 23,300 25,010 26,480 40.63%
Wholesale Trade 20,260 22,060 23,640 24,660 25,220 24.48%
Retail Trade 110,790 125,280 139,620 150,440 161,000 45.32%
F.I.R.E. 23,900 26,670 29,290 31,530 33,450 39.96%
Services 129,620 151,780 173,030 190,420 209,840 61.89%
Government 108,570 122,480 135,510 145,860 155,630 43.35%
Federal Civilian 5,860 6,090 6,340 6,520 6,620 12.97%
Military 4,120 4,280 4,450 4,580 4,650 12.86%
State and Local 98,600 111,940 124,550 134,580 144,180 46.23%
Victoria
All-Industry Total 83,800 88,420 92,300 95,030 97,660 16.54%
Farm 2,760 2,780 2,760 2,730 2,540 -7.97%
Non-Farm 81,040 85,640 89,540 92,300 95,120 17.37%
Private 65,010 69,130 72,620 75,110 77,730 19.57%
Ag Services, Forestry 1,430 1,610 1,800 1,910 2,050 43.36%
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Table 3-37

Summary of Future Projections for Employment Within the 13 Coastal Commuting Zones,

2000-2020
2000 2005 2010 2015 2020 Change to 2020
Mining 2,920 2,750 2,600 2,470 2,250 -22.95%
QOil and Gas 2,806 2,637 2,489 2,361 2,149 -23.43%
Construction 6,060 6,410 6,730 6,940 7,140 17.82%
Manufacturing 5,160 5,340 5,510 5,610 5,720 10.85%
Durables 1,240 1,260 1,250 1,270 1,260 1.61%
Nondurables 3,910 4,110 4,230 4,350 4,460 14.07%
Transport. & Utilities 3,140 3,220 3,300 3,340 3,370 7.32%
Wholesale Trade 2,700 2,810 2,890 2,920 2,940 8.89%
Retail Trade 14,440 15,090 15,680 16,030 16,290 12.81%
F.I.R.E. 4,500 4,710 4,870 5,000 5,090 13.11%
Services 24,630 27,130 29,240 30,890 32,880 33.50%
Government 16,030 16,520 16,930 17,200 17,380 8.42%
Federal Civilian 2,140 2,080 1,990 1,910 1,820 -14.95%
Military 2,020 2,050 2,080 2,110 2,150 6.44%
State and Local 11,830 12,380 12,820 13,140 13,380 13.10%
Houma
All-Industry Total 144,490 147,590 149,400 149,470 149,030 3.14%
Farm 3,660 3,420 3,190 2,970 2,590 -29.23%
Non-Farm 140,830 144,170 146,210 146,500 146,440 3.98%
Private 120,550 123,820 125,980 126,510 126,770 5.16%
Ag Services, Forestry 1,660 1,760 1,810 1,860 1,860 12.05%
Mining 9,130 8,490 7,950 7,480 6,810 -25.41%
QOil and Gas 8,774 8,140 7,611 7,151 6,503 -25.88%
Construction 7,230 7,270 7,280 7,250 7,130 -1.38%
Manufacturing 15,510 15,720 15,710 15,620 15,310 -1.29%
Durables 6,220 6,250 6,190 6,090 5,900 -5.14%
Nondurables 9,280 9,470 9,520 9,480 9,400 1.29%
Transport. & Utilities 8,980 9,080 9,090 9,020 8,900 -0.89%
Wholesale Trade 6,730 6,830 6,900 6,830 6,770 0.59%
Retail Trade 25,090 25,870 26,470 26,680 26,840 6.97%
F.I.R.E. 6,780 6,980 7,140 7,250 7,360 8.55%
Services 39,500 41,830 43,560 44,520 45,830 16.03%
Government 20,280 20,350 20,230 20,030 19,620 -3.25%
Federal Civilian 900 880 860 790 770 -14.44%
Military 1,810 1,760 1,710 1,670 1,640 -9.39%
State and Local 17,570 17,720 17,710 17,520 17,210 -2.05%
Brazoria
All-Industry Total 168,790 179,940 191,150 198,850 206,020 22.06%
Farm 2,870 2,850 2,830 2,760 2,560 -10.80%
Non-Farm 165,920 177,090 188,320 196,090 203,460 22.63%
Private 143,370 153,280 163,250 170,160 176,820 23.33%
Ag Services, Forestry 1,930 2,200 2,460 2,640 2,870 48.70%
Mining 4,830 4,620 4,470 4,320 4,010 -16.98%
QOil and Gas 4,641 4,430 4,279 4,130 3,829 -17.50%
Construction 11,680 12,330 13,010 13,430 13,750 17.72%
Manufacturing 14,780 14,900 15,140 15,210 15,030 1.69%
Durables 7,380 7,330 7,360 7,330 7,140 -3.25%
Nondurables 7,400 7,560 7,780 7,890 7,890 6.62%
Transport. & Utilities 9,500 10,090 10,670 11,060 11,400 20.00%
Wholesale Trade 8,880 9,300 9,700 9,920 10,010 12.73%
Retail Trade 27,390 29,080 30,890 32,060 33,080 20.77%
F.I.R.E. 11,420 12,040 12,680 13,110 13,480 18.04%
Services 52,960 58,740 64,240 68,410 73,190 38.20%
Government 22,550 23,800 25,070 25,930 26,640 18.14%
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Table 3-37

Summary of Future Projections for Employment Within the 13 Coastal Commuting Zones,

2000-2020
2000 2005 2010 2015 2020 Change to 2020
Federal Civilian 1,760 1,760 1,770 1,780 1,740 -1.14%
Military 920 910 920 920 910 -1.09%
State and Local 19,880 21,130 22,380 23,240 23,990 20.67%
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Section 3.3.2

is highly correlated to rising world oil prices and increasing levels of domestic offshore (i.e.,
both OCS and state waters) activity. Such increases in population have prompted a
corresponding need for improved infrastructure, housing, and public services. Between 1960
and 1980, the oil and gas industry realized a period of overal growth and expansion.
Concurrently, double and triple digit percentage increases were realized in coastal Louisiana for
expenditures associated with health care facilities and hospitals (404 percent), police protection
(267 percent), public welfare (200 percent), fire protection (186 percent), education (184
percent), housing (86 percent), and highways (84 percent), as noted by USDOI, MMS (1997b).

Downturns in worldwide oil prices in the mid-1980s adversely affected domestic oil and
gas activities, particularly in the central and western Gulf. This reduction in offshore production
subsequently affected infrastructure-based expenditures and employment levels within coastal
parishes and counties, with further strains placed on public services. While these trends were
most evident in coastal Louisiana, coastal Texas was also affected but to a lesser extent due to
that state’s economic diversity (USDOI, MMS, 1997h).

Texas, Louisiana, and Mississippi al have approved coastal zone management (CZM)
programs, the latter of which consider state, regional, and local land use plans. Planning efforts
across the Gulf Coast, within the region of interest to this analysis, are variable at the state and
local level. While state planning efforts have been hampered due to budgetary constraints, local
efforts reflect varying degrees of participation. However, in spite of funding fluctuations or the
level of local participation, al land use plans must be considered in a state’'s CZM program.
Further, all offshore activities must receive concurrence with the appropriate CZM program prior
to MM S approval (USDOI, MMS, 1997b).

3.3.2.4 Sociocultural Issues and Environmental Justice

The coastal zone of the northern GOM is not a homogeneous unit in terms of its physical,
cultural, or economic characteristics (USDOI, MMS, 1997b). Community size is extremely
variable, ranging from rural to heavily urbanized. Various researchers have characterized oil and
gas boom and bust cycles and documented associated increases in social complexity (e.g.,
England and Albrecht, 1984; Gramling and Brabant, 1986). Nevertheless, the oil and gas
industry has played a major role in the lives of Gulf Coast residents for several generations.
Prior examinations of the impacts of OCS oil and gas activities on coastal counties and parishes
suggest that most communities exhibit socioeconomic characteristics which are closely
associated with (and affected by) the oil and gas industry, with notable exceptions (McKenzie et
al., 1993).

Executive Order 12898, issued in February 1994, states that any Federal action which
requires analysis pursuant to NEPA must consider the impact of the proposed action on
environmental justice issues. The implicit design of the executive order is to ensure that
minority and/or low income communities are not subject, in a disproportionate fashion, to
environmental and socioeconomic degradation. Of particular concern is the question of equity in
the environmental and health conditions of impoverished communities. The impetus behind
issuance of the executive order lies with previous onshore development (e.g., siting of oil and gas
facilities proximal to low income and/or minority communities or neighborhoods) and the
impacts such facilities have on the local population. While it is recognized that no new onshore
facilities are projected in association with FPSO operations, environmental justice concerns will
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Section 3.3.2 — Section 3.3.3

be considered in the impact analysis. Socioeconomic profiles of the 13 LMAS or commuting
zones have been detailed previoudly (e.g., see tables 3-18 through 3-30).

3.3.3 Recreational Resources and Beach Use

The coastal zone of Texas, Louisiana, and Mississippi is considered a magor U.S.
recreational region. Prominent recreational resources within this area include coastal beaches,
barrier islands, estuaries, bays and sounds, river deltas, and tidal marshes, as well as nearshore
and offshore marine waters. The morphological and biological characteristics of these coasta
features have been detailed previousy in Section 3.2.1, and the biologica and ecological
importance of other offshore environments has been detailed in Sections 3.2.2 through 3.2.50

Coastal recreational resources have been categorized into publicly owned recreation areas
(e.g., nationa seashores, parks, beaches, wildlife lands) and designated preservation areas (e.g.,
historic and natural sites, landmarks, wilderness areas, wildlife sanctuaries, scenic rivers). In
addition, there are private and commercial recreational facilities along the Gulf Coast, including
resorts, marinas, amusement parks, and ornamental gardens (USDOI, MMS, 1997b). Coastd
recreational resources for the central and western Gulf are summarized in table 3-38. Such
natural and man-made resources offer coastal visitors and residents exceptionally diverse
opportunities for beach and waterways use.

Beaches are a major resource that attracts tourists and residents to the Gulf Coast for a
variety of activities (e.g., fishing, beachcombing, camping, picnicking, bird watching, etc.).
Beach useis amajor economic component of many of the Gulf’s coastal communities, especially
during the peak use seasons (spring and summer). According to USDOI, MMS (1997b),
recreational resources, activities, and expenditures are not uniformly distributed along the Gulf
but are focused where public beaches are close to major urban centers. Beach activities and the
aesthetic value of the shoreline are important economic factors in the coastal zone. Tourism in
the Gulf’s coastal zone, including Texas, Louisiana, Mississippi, Alabama, and Florida, has been
estimated at $20 billion per year (USEPA, 1991, as cited in USDOI, MMS, 1997b). The scenic
and aesthetic value of Gulf Coast beaches plays an important role in attracting both residents and
tourists to the coastal zone.

One of the maor recreational activities occurring on the OCS is offshore marine
recreational fishing and diving. A substantial recreational fishery, including scuba diving, is
directly associated with oil and gas production platforms and stems from the fact that platforms
beneficially function as high-profile, artificial reefs that attract fishes. Witzig (1986) indicates
that a majority of the offshore recreational fishing in the Central GOM Planning Areais directly
associated with oil and gas structures. At least 46 different fish species are caught by
recreational anglers fishing near oil and gas platforms in the central GOM (Stanley and Wilson,
1990). Interest remains high throughout the GOM region to acquire, relocate, and retain selected
oil and gas structures in the marine environment to be used as dedicated artificial reefs to
enhance marine fisheries when the structures are no longer useful for oil and gas production
(Reggio, 1989). Other prominent natural features (e.g., Flower Garden Banks) also serve as
primary diving destinations for sport divers.
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Table 3-38

Summary of Maor Recreational Areasin the Coastal Zones of Texas, Louisiana, and Mississippi
(Adapted from: Minerals Management Service, 1986, 1997b)

Resource County or Parish Description/Comments
Texas:
Mar Beach Cameron County Beach area
Brazos Island SRA Cameron State Recreation Area
Queen Isabella SFP Cameron State Fishing Pier
Port 1sabella Lighthouse SHS Cameron State Historical Site
Laguna Atascosa NWR Cameron National Wildlife Refuge
Arroyo Colorado SRA Willacy State Recreation Area
Padre ISand NS Willacy/Kenedy/Kleberg National Seashore, extends appr. 80 mi along

the TX coast; visitation appr. 900,000/yr

Malaquite Beach Kleberg Beach area
Mustang Idand SP Nueces State Park
Holiday Beach Nueces Beach area
Copano Bay Causeway SFP Aransas State Fishing Pier
Goose Island SRA Aransas State Recreation Area
AransasNWR Aransas/Refugio National Wildlife Refuge
Matagorda ISland WMA Calhoun Wildlife Management Area
Matagorda ldland SP Calhoun State Park
Guadalupe DeltaWMA Calhoun Wildlife Management Area
Swann Point FAA Calhoun Fishermen Access Area
Port Lavaca Causeway SFP Calhoun State Fishing Pier
Big Boggy NWR Matagorda National Wildlife Refuge
San Bernard NWR Brazoria/Matagorda National Wildlife Refuge
Bryan Beach SRA Brazoria State Recreation Area
Peach Point WMA Brazoria Wildlife Management Area
BrazoriaNWR Brazoria National Wildlife Refuge
Brazoria County SP Brazoria State Park
Galveston Island SP Galveston State Park
Crystal Beach Galveston Beach area
Moody NWR Chambers National Wildlife Refuge
Anahuau NWR Chambers National Wildlife Refuge
McFaddin Marsh NWR Jefferson National Wildlife Refuge
SeaRim SP Jefferson State Park
J.D. Murphree WMA Jefferson Wildlife Management Area
Texas Point NWR Jefferson National Wildlife Refuge
Sabine Pass Battleground Jefferson Historic site
Louisiana
Sabine NWR Cameron Parish National Wildlife Refuge
Pevisto Beach Cameron Beach area
Holly Beach Cameron Beach area
Little Cheniere SP Cameron State Park
Lacassne NWR Cameron National Wildlife Refuge
Lacassine WA Cameron Wilderness area
Rockefeller Refuge Cameron/Vermilion Wildlife refuge
Cheniere au-Tigre SP Vermilion State Park
La State Wildlife Refuge Vermilion Wildlife refuge
Palmeto Island SP Vermilion State Park
Marsh Island Wildlife Refuge Iberia Wildlife refuge
Shell KeysNWR Iberia National Wildlife Refuge
Cypremort Beach SP St. Mary State Park
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Table 3-38

Summary of Maor Recreational Areasin the Coastal Zones of Texas, Louisiana, and Mississippi
(Adapted from: Minerals Management Service, 1986, 1997b)

Resource County or Parish Description/Comments
Attakapas WMA St. Mary Wildlife Management Area
Atchafalaya Bay WMA St. Mary/ Terrebonne Wildlife Management Area
Point au Chien WMA Terrebonne/Lafourche Wildlife Management Area
Wisner WMA Lafourche Wildlife Management Area
Fourchon Beach Lafourche Beach area
Salvadore WMA St. Charles Wildlife Management Area
Bayou Signette SP Jefferson State Park
Grand Ide Jefferson
Joyce WMA Tangipahoa Wildlife Management Area
Manchac WMA St. John the Baptist Wildlife Management Area
Fairview Riverside SP St. Tammany State Park
Fountainbleau SP St. Tammany State Park
St. Tammany Refuge St. Tammany Wildlife refuge
Pearl River WMA St. Tammany Wildlife Management Area
Fort Pike SCA Orleans State Conservation Area
Fort Macomb SCA Orleans State Conservation Area
Jean Lafitte NHP St. Bernard/Orleang/Jefferson  National Historic Park
St. Bernard SP St. Bernard State Park
Breton NWR and WA St. Bernard National Wildlife Refuge and Wilderness Area
BohemiaWMA Plaguemines Wildlife Management Area
DetaNWR Plaguemines National Wildlife Refuge
Passa L outre WMA Plaguemines Wildlife Management Area
Mississippi:
Buccaneer SP Hancock County State Park
Gulf Marine SP Harrison State Park
Gulf Idands NS and WA Harrison/Jackson National Seashore and Wilderness Area; appr.

1.3 visitors/year (1995 figures)

Davis Bayou Gulf Islands NS Jackson National Seashore
Mississippi Sandhill Cranes Jackson National Wildlife Refuge
NWR
Shepard SP Jackson State Park
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Section 3.3.3

The primary source for marine recreational fisheriesinformation in U.S. watersisthe
NMFS Marine Recreational Fisheries Statistics Survey (MRFSS). This survey combines random
telephone interviews with on-site intercept surveys of anglers to estimate recreational catch and
effort for inland, state, and Federal waters. In the Gulf of Mexico, surveys are conducted in
western Florida, Alabama, Mississippi, and Louisiana. Texas conducts its own surveys, these
data are not currently available. MRFSS data for 1998 cited below were obtained from NMFS
viatheir online database access (www.noaa.nmfs,gov). Other recreational fishing information is
available in Continental Shelf Associates, Inc. (1997) and USDOI, MMS (1999).

An estimated four million fishers from Florida, Alabama, Mississippi, and Louisiana
engaged in some form of recreationa fishing during 1998. These anglers fished from shore,
piers, jetties, private/rental boats, party boats, and charter boats. Recreational fishing takes place
from inland waters to the open Gulf, with most effort concentrated in coastal and inshore waters.

Of the four states, western Florida had the highest number of anglers and saltwater
fishing trips in 1998 (i.e., >12 million trips involving approximately 3 million anglers).
Following Florida (in descending order of number of trips) are Louisiana, Alabama, and
Mississippi. (i.e., approximately 500,000 to 3 million trips). The mode of fishing that was most
common in al Gulf states was private/rental boats comprising over 50 percent of the effort in
each state. This was followed closely by fishing from shore and distantly by fishing from
charter/party vessels. Party boats operate mostly from ports in Florida and Alabama, whereas
charter boats found in all coastal states (USDOI, MMS, 1999).

In 1998, the percentage of effort expended in inland, state, and Federal waters varied by
state. Mississippi and Louisiana most trips were made in inland waters as opposed to state and
Federal waters. In Florida and Alabama the percentage of trips made in state waters was much
higher than the other two states. Fishing in state and offshore shelf waters often occurs around
artificial structures, and off Alabama, Mississippi, Louisiana, and Texas these structures are oil
and gas platforms (Stanley and Wilson, 1990; Continental Shelf Associates, Inc., 1997; USDOI,
MMS, 1999).

The top species commonly caught by recreational fishersin the Gulf coast states include
seatrout (spotted, sand), snapper (gray, red), drum (red, black), white grunt, Spanish mackerel,
gag, Crevalle jack, and southern flounder. Spotted seatrout, an inshore species, was the most
common fish caught by recreational anglers in the Gulf of Mexico during 1998; estimated catch
of this species for 1998 was over 20 million fish. The target species varied among states, with
Florida being somewhat different than the other three states. This difference is reflected in the
prevalence of hard bottom species such as gray snapper, white grunt, and gag in the Florida
catches. Recreationa fishers in the other three states caught soft bottom species such as red
drum and sand seatrout, per NMFS MRFSS survey data. In offshore oceanic waters of the Gulf
of Mexico, commonly sought species include yellowfin tuna, sailfish, blue marlin, dolphin,
wahoo, and sharks (Continental Shelf Associates, Inc., 1997). Catch and effort for these
epipelagic fishes is much less than for the inshore and shelf species (Continental Shelf
Associates, Inc., 1997).
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3.3.4 Cultural Resources

Prehistoric Resources

At the end of the Pleistocene epoch, approximately 12,000 years ago, much of Earth’s
water was locked up in continental glaciers, and sea levels at that time were approximately 60 m
(33 fathoms; 197 ft) below present levels. The onset of the Holocene, defined as global
amelioration of the climate, resulted in melting of the glaciers, release of glacia meltwaters,
eustatic sea rise, and global marine transgressions. Between 12,000 and 4,000 years before
present, large coastal areas, which in theory could have contained prehistoric sites, were
inundated. This study, however, is only concerned with water depths greater than 200 m (656
ft). Such deep sections of the OCS had never constituted sub-areal landforms during the
Pleistocene-Holocene and could not contain prehistoric sites. Conversely, currently unknown
prehistoric remains may be extant in depths less than 60 m (197 ft) and along the modern
shorelines.

Historical Resources

An MM S-funded study (Grierson et al., 1989) has determined that there are more than
4,000 historical shipwrecks in the northern GOM. The positions of the historically known
shipwrecks are identified on maps with varying degrees of accuracy, and few of them have
actually been located on the sea bottom. Statistical analysis demonstrated that most of the
shipwrecks are likely to be located in relatively shallow water in two types of environment: sea
bottoms within 1 km (6.2 mi) of the shoreline, and sea bottoms in proximity to ports, barrier
islands, and other locations of frequent ship loss.

However, high-probability search polygons center on the locations of a number of
historically known shipwrecks at depth exceeding 200 m (656 ft), in the Mississippi Canyon,
Atwater Valley, Lund, and East Breaks Area (table 3-39).

More than 100 ships were attacked by German U-boats in the Gulf during World War 11.
Approximately 33 merchant vessels were sunk by U-boats between 1942 and 1943 in the
northern GOM on the OCS. Six of these ships are believed to be located at depths greater than
200 m (656 ft) in the Lund and Mississippi Canyon lease areas (table 3-40). In addition, the
German submarine U-166 was probably sunk in 1942 in the Mississippi Canyon. These vessels
are associated with important events in American history and are potentially eligible for listing in
the National Register of Historic Places.

Some of the vessels that have been identified through remote sensing stand high above
the sea floor, and contain within their hulls thousands of barrels of petroleum products. As such,
they constitute a substantial hazard if the hulls are ruptured by oil and gas-related activities.

3.3.5 Other Uses
Deepwater portions of the central and western GOM are utilized by several other

interests, including commercial shipping and the military. The magnitude of offshore oil and gas
activities (e.g., tankering of crude oail, oil and gas supply, and support vessel operations) and
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Table 3-39

Nineteenth- and Early Twentieth-Century Shipwrecksin Deepwater Blocks
(modified from Garrison et al., 1989)

Ship Name* Date of Wreck L ease Area and Blocks Included in Search Polygon

Northern Eagle 1908 East Breaks 154, 155, 156, 198, 199, 200, 242, 243, 244

Carrie Strong 1916 Lund 730, 731, 732, 774, 775, 776, 818, 819, 820

W. H. Marston 1927 Lund 299, 300, 301, 343, 344, 345, 387, 388, 389

Western Empire 1875 Mississippi Canyon 287, 288, 289, 331, 332, 333, 375, 376,
377

Nokomis 1905 Mississippi Canyon 963, 964, 965, 1007, 1008, 1009

Atwater Valley 39, 40, 41

Source: MMS Deepwater EA (MMS, 2000Db).

14:001000 MMOL 00 05 00-T1346

T3_39.doc-12/18/00

3-180



Table 3-40

World War Il Shipwrecks Sunk in Over 200 Meters (656 Feet) of Water

Vessel Name Date Sunk Tonnage Cargo Lease Area

Gulfail 5/16/42 5,188 54,000 bbl diesel oil Mississippi Canyon
Gulfpenn 5/13/42 8,862 104,181 bbl fuel ail Mississippi Canyon
Rabert E. Lee 7/30/142 5,184 47 tons general, Mississippi Canyon

268 passengers

Alcoa Puritan 5/06/42 6,759 9,700 tons bauxite Mississippi Canyon
Carrabulle 5/26/42 5,030 42,307 bbl liquid asphalt Lund

Amapala 5/15/42 -- Fruit Lund

Source: MM S Degpwater EA (MM, 2000b).
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shipping operations through Gulf ports has led to the establishment of a series of safety fairways,
or vessel traffic separation schemes, and anchorages to provide unobstructed approaches for
vessels using U.S. ports (USDOI, MMS, 1990b, [Visua No. 2]). Shipping safety fairways,
generally located inshore of the deepwater region considered in this analysis, are lanes or
corridors in which no fixed structure, whether temporary or permanent, is permitted. Fairway
anchorages are areas contiguous to and associated with a fairway in which fixed structures may
be permitted within certain spacing limitations (33 CFR 166). All offshore structures, including
any proposed FPSOs, must be adequately marked and lighted. After a structure is in place, it
often becomes a landmark and an aid to navigation for vessels that regularly operate in the area
(USDOI, MMS, 1990a).

Military operations may be conducted within nearshore or offshore waters throughout the
GOM, staged either from onshore facilities (e.g., from an air station or air base) or as part of
offshore fleet operations (e.g., routine fleet activities, special or joint maneuvers). U.S. Navy
assets that might be operational on a transitory basis within the project area include surface
vessels, submarines, and aircraft, typically operating between a shore base and offshore waters.
The U.S. Coast Guard conducts routine activities and search-and-rescue operations using both
surface vessels and aircraft. Similarly, the U.S. Air Force may conduct aerial operations over the
deepwater region of the Gulf.
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4. ENVIRONMENTAL CONSEQUENCES, CUMULATIVE EFFECTS,
AND MITIGATION

4.1 Impact-Producing Factors

The following text describes three major phases of the proposed action, including
installation, routine operations (for an FPSO and attendant shuttle tanker), and decommissioning.
A thorough identification of impact-producing factors provides the basis for determining
potential impacts on individual resources, the latter of which are detailed in Section 4.3.

4.1.1 Installation

The base-case scenario, as described earlier, consists of a large, newbuilt vessel moored
in approximately 1,524 m (5,000 ft) of water by nine chain/wire lines terminated at the seafloor
by drag anchors. The FPSO itself is connected to three nearby subsea well manifold clusters by
insulated steel flowline risers and multifunctional control umbilicals. The FPSO is aso
connected to a steel line riser for export of gas. This section will describe the activities and
equipment required for installation of a base-case scenario FPSO and will summarize the
potential impact-producing factors.

Several separate but interrelated steps will be realized with the installation of an FPSO,
including:

Construction and Precommissioning
Anchoring

Manifold Installation

Flowline and Gas Export Line Installation
Umbilical Installation

FPSO Tow and Hookup

Riser and Gas Export Line Hookup
Logistical Support

Each of these steps will be described in the following sections, followed by a summary of
projected impact-producing factors associated with these installation activities.

4.1.1.1 Construction and Precommissioning

The double-hulled FPSO vessel can be constructed at a Gulf coast shipyard, but it might
aso be constructed at a yard along the U.S. east coast or overseas. Instalation and
precommissioning (i.e., testing equipment at as close to operating conditions as possible) of ail
and gas processing facilities and utilities equipment aboard the FPSO may be performed at the
hull construction site or at some other site. Since the base-case FPSO does not have propulsion
equipment, the commissioned hull will be towed to the installation site. It is assumed in this
analysis that precommissioning will occur along the Gulf coast, so the duration of the tow to the
installation site will only be two or three days.
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Installation Activities Overview

There are several separate activities at the field installation site which must be completed
before the FPSO is mobilized. These relate to both drilling and hookup of the subsea wells and
to the preparation of the FPSO mooring spread and include:

Drilling of nine subseawells

Setting three subsea manifolds

Laying subsea flowlines, umbilicals, and jJumpers
Laying gas export line

Setting nine drag anchors and chain/wire lines

Following completion of these activities, the FPSO hull will be towed to the site and connected
to the mooring spread. Several additional activities remain to be completed before startup,
including:

Installation of flowlinerisers

Installation of umbilical risers
Installation of riser for the gas export line
Proofloading moorings

Subsea well completions

The spatial relationships between system components and construction equipment
selection will influence the timing and sequence of these activities. The geometry represented in
figures 4-1 and 4-2 will be used for discussing installation and abandonment activities for this
base-case evaluation. The FPSO is centered at least 3,658 m (12,000 ft) from the nearest subsea
well cluster and each well cluster is separated by about the same distance.

It is assumed in this analysis that all well drilling and completion activities will be
performed by a mobile offshore drilling unit (MODU) moored on location by eight to twelve
drag anchors. It is possible that a dynamically positioned drillship may be employed in place of
aMODU, however, for the purpose of thisanalysisaMODU is assumed. It isalso assumed that
the MODU will install wellheads and flowline/umbilical jumpers upon completion of each well.
The geometry is such that one anchor setting will be sufficient for drilling all three wells for each
of three manifold center locations and another setup for completion and hookup of each three
well group. Since the drilling, completion, and hookup of subsea wells are not unique to an
FPSO installation, they will not be considered further.

In several instances, there are at least two alternative approaches feasible for installation
of other components of the FPSO system — use of a designated vessel for all installation tasks, or
use of multiple or specialized vessels to complete installation. Use of a specific construction
vessel for installation of several components would present some advantages, but would require
that activities, which might be performed in parallel, be done in sequence. Vessel availability,
cost, and a number of other considerations will also influence the final selection of construction
equipment. The following combinations are believed to be representative for the base-case
scenario:
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FPSO transportation - tow vessels (three to five vessels)

Mooring anchors and lines - anchor handling vessels (one or two vessels)

Flowlines and gas export line — dynamically positioned pipelaying vessel
Umbilicals — dynamically positioned cable/umbilical vessel

Installation of manifolds, hookup FPSO, installation of risers and hookup gas export
line — dynamically positioned construction vessel

Most activities that are carried out below the water surface will rely on electrically
powered remotely operated vehicles (ROVs) to provide visual perspective and to perform certain
l[imited work functions.

A representative schedule of activitiesisillustrated in figure 4-3. Details of actual FPSO
installation schedules will vary, especially when the same construction equipment is selected for
different activities (which may be shown here as overlapping in time), but the potential impact-
producing effects will likely by very similar. Overal, installation activities at the offshore site
will likely extend over a period of three months or more and drilling and completion activities
will extend over two or three years.

4.1.1.2 Anchoring

The anchors and lower chain and wire segments of the nine mooring lines will be
preinstalled at the site. This work can be performed by either a pair of large anchor handling
vessels (AHVs), taking approximately four weeks, or by a dynamically positioned construction
vessel, taking about half the time. The scenario described here assumes two AHV's, each more
than 61 m (200 ft) in length and having 15,000 to 20,000 horsepower.

Prior to the beginning of installation work at the site, along baseline acoustic-positioning
array will be established on the seafloor. This array provides accurate navigational control for
positioning objects on the seafloor and is used for both drilling and construction activities. Each
of the three anchor clusters will be positioned 2,438 to >3,048 m (8,000 to >10,000 ft) from the
final FPSO location using the positioning array. The positioning array may, in fact, be made up
of several smaller arrays; one with four or five transponders at each major worksite, including
three anchor clusters, three subsea well/manifold clusters, etc. Each battery-powered
transponder is mounted on a small support frame that sits on the seafloor and can be remotely
released for recovery. The small support frames are left on the seafloor, but they affect only a
few square feet of ocean bottom and do not penetrate significantly below the sediment surface.
The transponders send and receive low-level acoustic signals.

Each of the preinstalled mooring segments will consist of a fabricated steel drag anchor
(weighing several hundred thousand pounds), approximately 305 m (1,000 ft) of 13.7-cm (five-
in) chain, a length of spiral wire strand (approximately 14 cm [five in] in diameter), and a
temporary support buoy. The two AHV s would position themselves over each anchor location;
one lowering the anchor while the other pays out the attached chain, wire, and buoy. Each
anchor will be partialy set by one or both AHV's pulling towards the eventual FPSO |ocation.
Proofloading of the anchors will be completed as part of the process of hooking up the FPSO on
location. Final setting of each anchor is expected to disturb a volume of sediment approximately
3to 6 m (10 to 20 ft) wide, as much as 61 m (200 ft) long and to a depth of 15 to 30 m (50 to 100
ft), depending on the strength of the seafloor sediments. The chain and wire segment of each
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mooring line is expected to disturb a narrow zone of sediments from the anchor toward the center
of the array for a distance of 305 to 610 m (1,000 to 2,000 ft), essentialy laying on the seafloor
intermittently over most of this distance. At completion of the preinstallation, a buoy will
support each segment. The buoy may be fabricated steel or syntactic foam, but will be lighted
and designed to minimize damage to either the buoy or avessel in the event of a collision during
the brief period leading up to FPSO hookup.

Installation of each preinstalled mooring segment will take approximately a day. Since
the components are very large, it is assumed that the AHV's will make two round trips to the
shorebase for resupply. Of the estimated 28-day duration of this activity, the AHVs will spend
approximately half of this time working in the vicinity of the FPSO site and half in transit or at
the shorebase.

4.1.1.3 Manifold Installation

Each of the three subsea manifolds will be installed on the seafloor at a location
approximately 3,658 m (12,000 ft) or more radial distance from the FPSO location. Three
subsea wells will have surface locations within a short distance (perhaps 30 m [100 ft] or so)
from each manifold. In this base-case scenario, the manifolds will be installed on the seafloor by
adynamically positioned construction vessel, but an anchor handling vessel outfitted with an A-
frame or a mobile drilling rig could aso complete installation of small- to moderate-sized
manifolds. If manifold instalation is the first onsite activity for the construction vessel, the
manifolds might be transported offshore as deck cargo. Otherwise, the manifolds would be
transported on a cargo barge with an attendant tug, as is assumed in this analysis. Manifold
configurations will vary widely, but might be expected to be a fabricated steel framework with
integral piping, valving, and controls with dimensions of 6 to 9 m (20 to 30 ft) square by 9 m (20
ft) or more in height and weighing 1,814 or 2,722 kg (20 or 30 tons).

It is presumed that the manifolds will have short steel extensions below the seafloor,
which will penetrate the sediments and provide horizontal resistance to movement, and mats
along the seafloor surface to support the weight of the manifold and provide for leveling.
Installation will be a matter of attaching lifting slings, lifting the manifold from the deck of the
cargo barge and lowering it to set on the seafloor, using the acoustic positioning system to
control location and orientation. Once on the seafloor, each manifold will disturb the surface
sediments over an area roughly coincident with its plan dimensions (i.e., 37 to 56 m? [400 to 600
ft?]). The seafloor extensions will penetrate 10 feet or so below the seafloor at each ‘corner’,
depending on the strength of the sediments.

4.1.1.4 Flowline and Gas Export Line Installation

Production will flow from each subsea well, through a jumper, to a nearby manifold,
thence through jumpers to flowline end modules (FEMs), which terminate in two 25-cm (10-in)
steel flowlines. From the FEMs, the flowlines (i.e., one pair for each manifold) run along the
seafloor and are connected individually to steel (lazy wave) production risers, which are
suspended from the FPSO turret, passing through riser guide tubes within the turret cylinder, and
connected at the riser termination deck on the turret.

Installation of the flowlines will be performed by a dynamically positioned lay vessel and
will likely begin by lowering the FEM, with the flowline connected, setting the FEM on the
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seafloor within 15 to 30 m (50 to 100 ft) of the subsea manifold and laying in the direction of the
FPSO location. The end of the flowline will be terminated, lowered, and temporarily abandoned
on the seafloor in the vicinity of the planned location of the lower end of the production riser,
which will be connected to the flowline and installed after the FPSO is moored in place. The lay
vessel will likely be resupplied (with pipe, material, fuel, etc.) either by supply vessel or cargo
barges towed by tugs. Disturbance of seafloor sediments by both FEMs and flowlines will be
limited to narrow areal corridors and shallow sediment depths.

The gas export line in this base-case scenario is assumed to run from a FEM at the
bottom end of the export riser from the FPSO a distance of up to 322 km (200 mi) to an
undetermined shore crossing. The potential for an existing platform at some intermediate
location would provide an opportunity to terminate shallow and deepwater portions of the line or
connection into an existing pipeline, as well as providing an opportunity to boost pressure in the
line. Using this latter scenario (i.e., tie in to an existing platform, or connection to an existing
pipeline), the shalow water portion of the line will be installed by a conventional moored
pipelaying barge. A dynamically positioned lay vessel will install the deepwater portion of the
line. This sort of split in installation equipment will likely be employed even if there is not an
intermediate platform. In either scenario, it is assumed that the shallow portion will be laid first,
with the end of the line terminated and laid down somewhere along the route between the 152-
and 305-m (500- and 1,000-ft) water depth contours. The dynamically positioned lay vesseal will
pick up the line and lay away in the direction of the FPSO site, terminating the line by lowering a
FEM to the seafloor at the intended bottom termination of the gas export line riser. The lay
vessels will likely be resupplied either by supply vessel or cargo barges towed by tugs. Shallow
water portions of the gas export line will be buried, as required by regulation, and may involve
sandbagged crossings of other existing pipelines aong the route. As in the case of the subsea
flowlines, disturbance of sediments by the deepwater portion of the gas export line will be
limited to narrow areal corridors and shallow depths. The route will be selected to avoid
sensitive features and problematic seafloor topography.

4.1.1.5 Umbilical Installation

Installation of the control umbilicals, one to each subsea manifold, will proceed in a
manner similar to installation of flowlines and may be performed by a specia dynamically
positioned cable/umbilical vessel or by the same lay vessel which installs flowlines. Installation
will likely begin by lowering a termination sled, analogous to a FEM for flowlines, with the
umbilical connected, setting the termination sled on the seafloor within 15 to 30 m (50 to 100 ft)
of the subsea manifold and laying in the direction of the FPSO location. If timing is such that the
FPSO is in place at the start of umbilical installation, the preferred approach could proceed by
laying the umbilical in one piece, installing buoyancy to achieve the desired lazy wave riser
configuration and passing the end termination directly to the FPSO, where it is lowered
underwater and brought up through guide tubes in the turret, terminating on the turret deck. If
this is not possible, the umbilical will be terminated in another sled and lowered to the seafloor,
to be connected later to a riser termination sled by jumpers. As in the case of the subsea
flowlines and the gas export line, disturbance of seafloor sediments by the deepwater portion of
the control umbilicals and termination sleds will be limited to narrow areal corridors and shallow
depths.
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4.1.1.6 FPSO Tow and Hookup

Since the FPSO is not self propelled, it will be towed from the precommissioning site to
the installation site by three to five tugs. Assuming a Gulf of Mexico precommissioning site, the
tow will last one or two days. Hookup of the FPSO to the mooring spread will be performed by
adynamically positioned construction vessel. The vessel will pickup the upper end of one of the
preinstalled mooring segments, remove the buoy, connect another segment of wire, and move
toward the FPSO, while aso paying out wire. During this operation, the FPSO will be held on
location by tugs. The construction vessel will pass the end termination of the mooring segment
directly to the FPSO, where it is lowered underwater and brought up through fairleads, or guide
tubes, in the turret, terminating on the turret deck. The construction vessel then proceeds to
repeat the process with another segment of the mooring spread. Once enough segments are
hooked up to keep the FPSO on station, the attending tugs can depart. Once all segments are
hooked up, the FPSO can fully set and proofload each anchor by pulling with several opposing
lines. This work can proceed while the construction vessel begins the riser and gas export line
hookup process.

4.1.1.7 Riser and Gas Export Line Hookup

Installation of three umbilical risers, six production risers, and the gas export riser are
required to complete the FPSO installation. This work can proceed in the order that is most
convenient. All risers will be suspended underneath the turret of the FPSO in a lazy wave
configuration, passing up through guide tubes within the turret cylinder, and connecting at the
riser termination deck on the turret.

The previously terminated end of the 30-cm (12-in) gas export line, which was
temporarily abandoned on the seafloor at the completion of its installation, will be relocated and
raised to the surface by the construction vessel. The bottom end of the riser will be welded or
connected to the terminus of the gas export line. The vessel will move toward the FPSO, paying
out riser and attaching buoyancy elements to provide the lazy wave configuration, and will pass
the top termination of the riser to the FPSO, where it will be lowered underwater and brought up
through a guide tube in the turret, pulled in and terminated on the turret deck. Installation of
production flowline risers will likely proceed in a similar manner. If the umbilicals are not
connected to the FPSO in one piece during their installation, as described above, it is likely that
the bottom ends of the umbilical risers will terminate in asled. In thisinstance, umbilical riser
installation will proceed similar to flowline installation. Final connection between each
umbilical and its riser sled is made by jumpers. Jumper installation is accomplished by first
positioning the construction vessel above the two termination sleds and accurately measuring the
distance between connection points using the acoustic positioning array. Each jumper is then cut
to fit on the deck of the construction vessel, then lowered and stabbed to make the needed
connections.

4.1.1.8 Logistical Support

Actual logistical support for the FPSO installation will vary widely in detail, depending
on the equipment, procedures, and sequencing of field operations. For example, material storage
capacities for alternate equipment capable of installing the flowlines and gas export line, and

14: 001000 MMO1_00 05 00-T1346 4-9
S4.doc-1/16/01



Section 4.1.1

therefore the resupply requirements, are considerably different. For this base-case, the following
equi pment spreads, timing, and durations offshore are thought to be conservative:

Two round trip helicopter flights (i.e., nine-person capacity from shorebase to site)
per week for aten-week period, starting with flowline and gas export line installation
and ending with gas export line hookup (i.e., six flight hours, including refueling)
Oneround trip crew boat per week for the same period (one day per roundtrip)

One cargo barge and attendant 1,200 HP tug on site for the same period

One cargo barge and attendant 1,200 HP tug in transit between the FPSO site and the
shorebase once per week for the same period, with an estimated transit time of 24-
hours each way

4.1.1.9 Nature and Scope of Potential Impact-Producing Factors by Resource
Being Affected

Neither the nature of the procedures nor the equipment involved in FPSO installation is
expected to be unique and, with the exception of the FPSO itself, the components of the base-
case FPSO system are expected to be similar to components of other deepwater development
system alternatives. An overview of the potential impact-producing factors and resources
impacted during FPSO installation is given in table 4-1.

Air Quality

All activities and sources listed involve internal combustion engines to power propulsion
and/or work functions and therefore may impact air quality. Engine emissions of concern (as
noted previously in Section 3.1.3) represent several criteria pollutants, as established by the EPA.
Criteria pollutants include carbon monoxide (CO), ozone, lead, nitrogen oxides (NOy),
particulate matter (greater than 10 mm or PM o), and sulfur dioxide (SO,). Emission limits of
these criteria pollutants (e.g., 1-, 3-, 8-, and/or 24-hour standards, annual standards) are intended
to protect human health and the environment. An estimate of emissions during installation
activities is contained in table 4-2 in terms of total fuel burned (generally #2 diesel) per day for
each week of installation activities. Estimates are given for each maor piece of equipment for
the duration of installation.

Water Quality

There are two potential sources of impact on ambient water quality: disturbance of
seafloor sediments in connection with construction activities and discharges from vessels
participating in installation. Setting anchors, setting manifolds, installing flowlines, umbilicals,
gas export line, and risers are expected to cause local disturbance of the seafloor, which will
cause sediments to become suspended in the near-bottom water column. This alteration of water
quality is expected to be localized and temporary, ceasing when individual installation activities
(e.0., setting of anchors, manifolds, installation of flowlines, etc.) are complete.

Installation activities do not involve discharges into the water, other than the normal
release of those associated with accommodation for workers on board each vessel. Discharges
from vessels includes domestic wastes (e.g., sanitary wastes and gray water),and bilge water, and
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Table 4-1

Impact Producing Factors V ersus Resources Potentially
Affected by FPSO Installation
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FPSO Tow and Hookup v v - - v v v v v -
Flov_vline, Umbilical, and Gas Export Line y y y y y y y y y 5
Laying
Install Risers v v - - v v v v - -
Hookup Gas Export Line v v - - v v v v - -
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Table 4-2

Air Emission Levels During FPSO Installation (total priority pollutantsin tons/week)

A4

Sources Location Week of Installation
Vessels: 1 2 3 4 5 6 7 8 9 10
Anchor Handling (2) FPSO Site 19 19 19 19 - - - - - -
Transit 16 16 16 16 - - - - - -
Construction (1) FPSO Site - - - - 20 28 28 28 28 24
Transit - - - - 8 - - - - 8
Gas Export FPSO Site 20 28 28 - - - - - - -
Line/Flowline (1)
Transit 8 - - 28 28 28 28 - - -
Umbilical (1) FPSO Site - - - 25 - - - - - -
Transit - - 5 - 5 - - - - -
Tow (5) FPSO Site - - - - - - 27 - - -
Transit - - - - - 21 - - - -
Logistical (2) FPSO Site 4 4 4 4 4 4 4 4 4 4
Transit 3 3 3 3 3 3 3 3 3 3
Aircraft:
Helicopter Transit 1 1 1 1 1 1 1 1 1 1
Totals FPSO Site 43 51 51 48 24 32 59 32 32 28
Transit 30 20 25 48 45 53 32 4 4 12

Notes: Emission levels assume limited deepwater anchoring capability and the use of dynamically positioned vessels, where appropriate.
Emission levels can be expected to decrease significantly (from those noted above) in the shallower portions of the study area where
anchoring or mooring is possible. Two anchor handling vessels are required, each rated at 16,000 HP (w/ winches and thrusters); est. fuel
consumption: 5,000 to 6,000 gal/day; duty cycle: 70 to 80 percent. One construction vessel (barge) rated at ~20,000 HP is required; est.
fuel consumption: 9,000 gal/day; duty cycle: 40 to 50 percent. One pipelaying vessal (barge; for gas export line and/or flowline) rated at
~20,000 HP is required; est. fuel consumption: 9,000 gal/day; duty cycle: 40 to 50 percent. One umbilical vessel rated at 16,000 HP is
required; est. fuel consumption: 6,000 to 8,000 gal/day; duty cycle: 70 to 80 percent. Five tow vessels are required, with two @ 7,000 HP,
two @ 5,600 HP, and one @ 4,200 HP; est. fuel consumption: 2,400 gal/day (average); duty cycle: 70 to 80 percent. One tug and one
crewboat (i.e., logistical) are required; est. fuel consumption: 1,200 to 2,800 gal/day, respectively; duty cycle: 70 to 80 percent and 70 to 90
percent, respectively. (Source: D. Calkins, Manager of Engineering and Projects, J. Ray McDermott, Mentor Subsea, August/September,
1999, personal communication). Helicopter support assumes one Sikorsky S-76 Class transport in use 8 hrs/day, 7 days/week. Pollutant
speciation for PM, SO,, NOy, CO, and VOCsis 2, 27, 56, 13, and 2 percent, respectively.
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food scraps. The nature of these discharges will conform to regulatory requirements appropriate
to each vessel. A listing of vessel type, the range of expected manning levels, and the expected
duration of involvement at the site or in transit are estimated in table 4-3.

Seafloor Sediments, Topography, Benthic Communities, and Archeological
Resources

Setting anchors, setting manifolds, and installing flowlines, umbilicals, gas export line
and risers are expected to cause local disturbance of the seafloor sediments. All but anchor
setting are expected to have impact limited to relatively shallow penetrations; between a few
inches and a few feet of the seafloor, depending in part on sediment strengths. The areal extent
of these disturbances is described in the activity descriptions in earlier sections. Installation of
gas export line segments in shallow water (generally less than 61-m [200-ft] water depths) will
involve buria of the line and may involve sandbagged crossings of other lines. Final setting and
proofloading (i.e., testing of anchor components under load) of the preinstalled anchors may
result in disturbance of seafloor sediments to a depth which may exceed 30 m (100 ft) in soft
sediments.

In most cases, the disturbance occurs only during the construction period. Exceptions
include the manifolds, FEMs, and termination sleds, each of which will permanently cover an
area equal to their footprint, and the touchdown zones of risers and mooring lines, in which
occasional storms cause sections to temporarily lift off the seafloor, to return again during the
ensuing period of calm. Installation of the FPSO and its components is not expected to result in
any significant change in bottom topography.

Current pipeline routing practices would avoid any identified archeological resources.
Other aspects of FPSO installation are not expected to impact sites of archeological significance.

Marine Mammals, Sea Turtles, Birds, Fisheries, and Coastal Habitats

Noise and other disturbance associated with vessels and construction equipment
employed during installation may disturb animal resources, but no physical contact is anticipated
and all but the disturbance associated with FPSO and shuttle tanker operations will be temporary.
Other than temporary disturbance of occasional passage of vessels in transit, instalation
activities are not expected to have any effect on coastal habitats.

Socioeconomic Issues

The potential socioeconomic effects of FPSO installation activities pertain primarily to:
1) where fabrication of FPSO-related vessels and associated processing equipment may be
expected to occur; and 2) where support operations may be expected. Of most interest are any
increases in the local labor force prompted by FPSO installation operations (e.g., demands for a
specialized labor force) and the fiscal effects of such operations on the local economy.

4.1.2 Routine Operations

FPSO operations can be separated into several distinct steps, each of which includes
identifiable characteristics and activities that may involve potential impact-producing factors.

14: 001000 MMO1_00 05 00-T1346 4-13
S4.doc-1/16/01



vi-v

Table 4-3

Manning levels and duration of installation activities.

Duration of Involvement (Total Vessel-Days)

Manning Primary

Vessel Level Location 1 2 3 4 > 6 ! 8
Anchor Installation Site 5 7 7 7 - - - -
Handling 15-20 Transittoffrom . 4 . ) ) ) _
2 shorebase
Installation Site
Construction ;00 1oe _ ) ) ) _ > ! ! !
Vessel Transit to/from i i ) ) 2 ) ) )
shorebase
_ Installation Site 5 7 7 . - - - -
Pipelay 100125 -
V essel Transit to/from > i ) 7 7 7 7 )
shorebase
Installation Site - - - 7 - - - -
Umbilical 30— 50 _
Vessel Transit to/from i i 1 ) 1 ) ) )
shorebase
Installation Site i i i i i i o5 .
Tow Vessels 5-10
©) Transit to/from i i i i i 10 i i
shorebase
Installation Site 7 7 7 7 7 7 7 7
Tugs and 3-10 _
Crewboats Transit to/from 3 3 3 3 3 3 3 3
shorebase
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The primary activities that will take place on the FPSO include monitoring and operating the
subsea wells, receiving and processing gas and fluids from the wells, temporary storage of ail,
compression and export of gas, processing and discharge of produced water, and offloading of
oil to a shuttle tanker. In connection with these operations, the FPSO will provide
accommodation for up to 70 personnel and will receive supplies and send solid waste to shore for
disposal. Wastes (e.g., produced water, domestic and sanitary waste, miscellaneous discharges;
see Section 4.1.2.5) will be processed onboard the FPSO and discharged overboard in
compliance with applicable NPDES permits or Coast Guard regulations. Details of the FPSO
system, its components, and operating parameters are described in Section 1.3.2. Impacts of
routine operations are detailed in Section 4.3, while potential effects associated with accidents
and oil spill cleanup operations are described in Section 4.4.

Severa different aspects of routine operations have been evaluated in this section,
including:

Production Processing and Maintenance

Power Generation, Pumps, and Compression

Well Control and Maintenance

Gas Compression and Export

Produced Water, Domestic and Sanitary Waste, Miscellaneous Discharges, and Solid
Waste

Logistical Support

Storage Operations

Offloading and Shuttle Tanker Operations

Underwater Obstructions

Each of these aspects of routine operations will be described in the following sections, followed
by asummary of projected impact-producing factors.

4.1.2.1 Production Processing and Maintenance

At peak design production levels, the base-case scenario FPSO will receive 150,000
barrels per day (BPD) of oil and 200 million standard cubic feet of gas per day (MMCFD) from
its nine producing wells. The system will also be capable of handling a maximum of 70,000
barrels of produced water per day. Production will flow through the swivel and into a process
train with three-stage separation. Each processing stage separates oil, gas, and water at
successively lower pressures. The oil may pass through temporary separation tankage before
being delivered to onboard storage tanks in the hull of the FPSO. Gas will be further processed
to reduce its moisture content before being recompressed to sales pressure and shipped through
the gas export line. All the other liquids extracted from the production flow (e.g., water, natural
gas liquids, completion and workover fluids, chemicals injected for flow assurance) will be
processed to remove and separate hydrocarbons, sediments, and other waste products; limited
recovery of chemicals or workover fluids will also occur (e.g., glycol). Hydrocarbon liquids will
be returned to the production stream. Produced water will be cleaned before being discharged
overboard, in compliance with NPDES requirements. All production related waste products
which do not meet NPDES discharge requirements will be sent to shore for proper disposal; all
non-production-related discharges will be disposed of according to applicable permits. Any
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gases that separate from the liquid stream will be recombined with the production gas stream and
exported. Diversion of any of the gas production stream to the flare system will only occur in
the event of equipment failure or the need to relieve system pressure.

All maintenance operations will be performed under strict procedures which are designed
to minimize chance spills and releases, as well as ensuring the safety of the system and
personnel. In nearly al respects, routine production and maintenance operations on the FPSO
will be the same as those on comparable processing facilities of other deepwater development
systems. In addition, FPSOs will have unique inspection requirements, such as in-service hull
inspections, mooring line and riser inspections; in-tank inspections (confined-space entry); turret
and swivel inspections; etc. The two aspects of the FPSO operations which differ from many
other development systems are 1) the existence of alarge volume temporary oil storage on board,
and 2) offloading and transport of production crude oil via shuttle tanker on a frequent and
routine basis.

A notable feature of FPSOs is the existence of a solid vessel deck and the contained turret
moon pool, with accompanying drains and pumps. This containment system ensures that few, if
any, hydrocarbon, water, or chemical spills between the production risers and the
export/offloading lines will ever reach the sea surface or water column.

4.1.2.2 Power Generation, Pumps, and Compression

The base case FPSO will utilize gas from the field production to fuel turbines which, in
turn, will drive pumps, export gas compressors, and electric power generators. Diesel engines
will also burn diesel fuel which has been transported to the FPSO. During startup, prior to
attaining suitable gas production levels, other fuels (e.g., diesel) may be employed as needed.
Similarly, during production, other non-natural gas fuels may be used as a replacement or
supplement to natural gas. FPSO fuel sources are similar to other deepwater development
technologies (e.g., TLPs, SPARs) and other offshore production systems. Details of reservoir
performance can vary widely, but the period of peak production may last three to five years.
Assuming new production is brought to the FPSO, operating levels may average half the peak
level for the remainder of the field life. In addition, a small amount of diesel will be burned to
drive fuel transfer pumps and other uses.

4.1.2.3 Well Control and Maintenance

Monitoring and control of subsea wells will be performed from the FPSO, except when
control is turned over to a MODU during workovers and recompletion activities. Continuous
FPSO activities involving the subsea wells may include injection of paraffin inhibitors and/or
hydrate suppression chemicals. These chemicals are pumped through the umbilical to the
manifold and are injected into the production stream at or near the wellhead. These chemicals
either become incorporated into the production stream or are recovered on the FPSO, where they
are either processed for reuse or shipped to shore for regeneration.

The characteristics of reservoir production streams vary widely, but paraffin, formation
sediments, and other substances will in time become deposited in the flowlines. The base-case
system has been designed with dual flowlinesin order to facilitate “pigging.” Periodically, apig
will be pumped from the FPSO and routed through the flowline loop to clean out these deposits.
The material which isremoved from the flowlines will be processed on board in order to separate

14: 001000 MMOL_00 05 00-T1346 4-16
S4.doc-1/16/01



Section 4.1.2

the various components. Hydrocarbons will be incorporated into the production stream, water
will be cleaned up and discharged, and other materials will be shipped back to shore for disposal.

Drilling and downhole workover operations that may be required after installation will be
performed by a floating drilling rig. The rig will be moored or dynamically positioned over the
subsea “trees,” asistypical of other subsea development schemes, and, other than initiating shut-
in and restart of the wells, will not involve any activities on the FPSO itself.

Workover and maintenance operations on subsea wells may infrequently result in
accidental release of one or more chemicals from manifolds or subsea tree connections. The
following paragraphs outline the prevalent chemicals used during production operations that may
be accidentally released from manifolds or subsea tree connections, including workover and
maintenance activities. Chemical inhibitors will be injected continuously in order to prevent the
formation of hydrates, corrosion, wax/paraffin, scale, emulsions, asphaltenes, and
microorganisms. The following is a description of these subsea production problems and the
recommended and expected prevention treatments.

Hydraulic Control Fluids

Hydraulic control fluids are water-based fluids specifically formulated for use in subsea
production control systems. Their low viscosity promotes optimum system response. Additives
provide protection against wear, corrosion, and microbiological degradation. The optimum fluid
is one having a pour point for the worst ambient conditions to be encountered, while still having
the lowest possible viscosity. Hydraulic control fluids normally operate within a closed system,
and typically are not released into either the production stream or the environment.

Corrosion Inhibitors

Corrosion is the deterioration of a metal substance as a result of reacting with its
environment. Corrosion can be controlled through the use of corrosion resistant alloys, metal
coatings, or by chemical inhibition.

Corrosion inhibitors may be used on a continuous basis or selectively (e.g., during
pigging operations) to establish and maintain an inhibiting film. Typical treatment dosages range
between 5 and 100 parts per million (ppm). Corrosion inhibitors may be added to diesel or clean
hydrocarbon condensate, either by continuous injection or in batch treatment applications
(Maoney, 2000, personal communication). Such inhibitors remain in the production stream and
are not recovered. Corrosion inhibitors normally operate within a closed system and typically
are not released into the environment.

Wax/Paraffin Inhibitors

Waxes are high molecular weight paraffin components which are soluble in the liquid
phases of black oils and condensates. Waxes present in crude oil are in the form of nonoxidized
alkanes. The physical characteristics (e.g., viscosity or melting point) of these alkanes (CrH2n+2)
are largely determined by the length of the alkane constituents present. As the production flow
conditions change (predominately through thermal gradients), wax particles can start to
precipitate out of solution, where they can interact to form a matrix that can entrap liquid, and
gel the production fluid. Control of waxes/paraffins can be approached mechanically through
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cleaning pigs or through injection of paraffin control chemicals. The recommended wax/paraffin
inhibitor treatment will lower the pour point and prevent paraffin deposits from forming
downhole and in the flowlines.

Wax/paraffin inhibitors are typically used on a continuous basis or on an as-needed basis
to prevent paraffin deposition downhole or in production equipment. Treatment dosages are
determined based on the characteristics of the crude oil being produced. Wax/paraffin inhibitors
are normally added via a chemical proportioning pump (Maloney, 2000). Such inhibitors remain
in the production stream (i.e., are not recovered).

Hydrate Inhibitors

Hydrates are solid crystalline structures that form when smaller, light hydrocarbon
molecules contact water molecules at elevated pressures and reduced temperatures. Hydrates
can be controlled by methanol injection treatments at the tree and downhole. The methanol
treatments are based upon water and total fluid production and increase as the water production
and percent watercut increases.

In lieu of methanol, hydrates can be controlled through chemical injection of mono-
ethylene glycol (MEG) at the production tree or downhole. The recommended glycol treatments
are based upon total fluid production. MEG can be recovered for reuse by employing a glycol
recovery unit at the platform or within the offshore processing system. A glycol recovery unit
may recover up to 90 percent of the glycol. Unrecovered glycol remains in the production
stream.

Scale Inhibitors

Scale is the deposition of the dissolved content in a produced fluid, as a result of
evaporation, variation of pH levels, or changes in pressure, temperature, or flow conditions.
Scale deposition can aid in the formation of hydrates or waxes because of the localized increased
roughness on the deposition surface. Scale is commonly controlled through chemical injection
of scale inhibitors. The recommended water-soluble inhibitor is formulated to prevent scale
deposits such as calcium carbonate, calcium sulfate, and barium sulfate. A small concentration
of chemical prevents scale deposition by holding a much larger quantity of multivalent cationsin
solution. Theinhibitor isahighly effective anionic compound, sightly acidic, phosphonate scale
inhibitor that is compatible with non-ionic, anionic, and some cationic formulations. Because it
can precipitate insoluble complexes with high molecular weight cationic materials, compatibility
tests should be conducted at usage concentrations prior to use.

Scale inhibitors are typicaly used on a continuous basis to prevent scale deposition
downhole or in production equipment. Treatment dosages, which are based on the
characteristics of the crude oil and the type of scale being produced, typically range from 5 to 15
ppm. Scale inhibitors are normaly added neat down the tubing/casing annulus, with an
overflush from the production bleeder required to carry the inhibitor down the wellbore
(Maloney, 2000). Such inhibitors remain in the production stream (i.e., are not recovered).
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Demulsifiers and Defoamers

Water is produced along with most crude oil and a stable emulsion is often formed with
oil as the continuous phase. Breaking this emulsion normally requires neutralizing or destroying
the natural emulsifying agent, allowing water droplets to coalesce (unite) into larger drops.
Eventually the water settles by gravitational force; the term for this separation is demulsification.
Demulsification can be accomplished by mechanical or chemical means or by a combination of
these treatments. Demulsifiers are designed to favorably ater the forces that maintain stable
water-in-oil  emulsions; demulsifiers are typically comprised of complex resin adducts,
sulfonates, esters, ethers, and complex organic polymers. The proper chemical required to
resolve a specific emulsion must be determined by experimentation, commonly called bottle
testing. The recommended demulsifier will rapidly separate the oil-water phases.

Demulsifiers are typically used on a continuous or intermittent basis to demulsify crude
oil in a production stream. A one-gallon dosage of demulsifier (with dosage determined based
on the characteristics of the production system being used and crude oil characteristics) typically
treats from 50 to 2,500 bbl of crude oil. Lower demulsifier levels are typical of continuous
treatment systems, while higher levels areroutine for batch treatment. Demulsifiers are normally
injected by a chemical proportioning pump into the crude oil stream(Maloney, 2000).
Demulsifiers remain in the production stream (i.e., are not recovered), to be removed during
processing.

Defoamers, or antifoam products, are used to provide foam control in the production
stream. Defoamers are high molecular weight, surface-acting agents. They are typically used on
a continuous basis, normally through use of achemical proportioning pump. Typical dosages for
defoamers in a continuous injection system are in the 10 ppm range, however, initia “charging”
of the production system should occur at a 50 ppm dosage level (Maoney, 2000). Defoamers
remain in the production stream (i.e., are not recovered).

Asphaltene Dispersants

Asphaltenes are heavy hydrocarbon molecules that occur naturally in crude oils. They
precipitate out of the produced oil due to a change in pressure, temperature, or composition.
These compounds may vary in chemical makeup from one crude composition to the next and are
commonly associated with the formation of emulsions. Asphatenes can be controlled
mechanically through pigging or through chemical injection of asphaltene dispersants (also
termed inhibitors). A typical liquid dispersant consists of a polymer in a hydrocarbon solvent.
Asphaltene dispersants may contain organic solvents and may not be compatible with natural or
man-made organic materials.

Asphaltene dispersants are typically used on a continuous basis to prevent buildup in
flowlines and to prevent asphaltene pad formation in production equipment; they may also act to
protect producing formations from damage due to asphatene plugging. Treatment dosages,
determined based on the characteristics of the crude ail, the type of system being used, and
application method, typically range from 20 to 500 ppm. Applications entail injection of
dispersants down the wellbore (Maloney, 2000). Such dispersants remain in the production
stream (i.e., are not recovered).
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Biocides

Biocides are used for microorganism control in oilfield water systems. Biocides can be
water soluble, non-ionic, and non-surface acting chemicals.

Biocides are typically used on a continuous or intermittent basis to control growth of
microorganisms. Initial treatment dosages typically range from 20 to 100 ppm, depending upon
the severity of the problem. Subsequent dosages are identical, however treatment duration
ranges from three to eight hours, one to seven times per week. Biocides are normally injected
neat by a chemical proportioning pump where they remain in the production stream (Maloney,
2000).

Projected Volumes of Production and Maintenance Chemicals

Table 4-4 identifies the projected volumes of production and maintenance chemicalsto
be used at peak production under the base-case scenario. Separate and total daily estimated
volumes for production of 200-mmcfsd of gas and 150,000-bbl of crude oil are noted. The fate
of individual chemicals (e.g., closed system, production stream) is also identified.

4.1.2.4 Gas Compression and Export

The primary method of separating gas from the incoming production stream is by
dropping pressure in stages. At the final stage, the gas pressure may be at only a few hundred
pounds per square inch. Compressors are required to boost the gas back to pressure levels that
are sufficient to put gas into the export line. The 2,500 psig max pressure at the inlet to the gas
export line is estimated to require 12,500 HP of compression, athough actual horsepower
requirements will be dependant upon the location of the FPSO and its distance to shore or an
existing gas pipeline network. The base-case design assumes turbine-driven compressors fueled
by gas from the production stream.

4.1.2.5 Produced Water, Domestic and Sanitary Waste, Miscellaneous Discharges,
and Solid Waste

The amounts of water produced from deepwater reservoirs can vary widely, but the base-
case design assumes a maximum rate of 70,000 barrels per day. It is likely that initial water
production will be quite small, increasing over the time to a maximum near the end of the field
life.

Other wastes generated during production operations include domestic and sanitary
waste, deck drainage, miscellaneous discharges, and solid waste (trash, garbage), as detailed
below. A summary of expected volumes of solid and liquid wastes from production operationsis
provided in table 4-5.

Sanitary waste, or black water, is composed of human body wastes from toilets and
urinals. Domestic waste, or gray water, originates from showers, sinks, laundries, and galleys, as
well as from safety shower and eye-wash stations. All sanitary wastes will to be processed
through an on-site waste treatment plant before being discharged overboard. Domestic wastes
will be discharged directly to the ocean in accordance with the USEPA NPDES discharge permit
or Coast Guard regulations.
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Table 4-4

Estimated Type and Volume of Chemicals Used for Well Control
and Maintenance and Flow Assurance

Base Case Scenario Volume (gal/day)

Gas Producing Oil Producing

Weélls Weélls
Chemical Fate (200mmcfsd) (150 kbpd) Total
Hydraulic Control Fluids Closed system  23.0 71.9 94.9
Corrosion Inhibitors Prod stream 94.6 133.9 228.4
Wax/Paraffin Inhibitors Prod stream NA 1575.0 1,575.0
Hydrate Inhibitor Prod stream 21,216.0 34,650.0 55,866.0
Scale Inhibitors Prod stream NA 39 39
Emulsifiers Prod stream NA 252.0 252.0
Demulsifiers Prod stream NA 0.8 0.8
Defoamers Prod stream NA 126.0 126.0
Asphaltene Dispersants Prod stream NA 1,260.0 1,260.0
Biocides Prod stream NA 1.6 1.6

Notes. Estimated types and volumes of chemicals are for maximum daily production levels from nine
wells under the Base Case (i.e., total gas production of 200 mmcfsd; total oil production of 150,000 bar-
rels per day).

Hydraulic control fluids are maintained in a closed system. Chemicals used for flow assurance or
to maintain the well typically enter the production stream (prod stream) and are removed during onshore
processing and refining.

While methanol is the prevalent hydrate inhibitor currently being used on the Gulf of Mexico OCS,
MEG (glycol) may aso be employed. While methanaol is not recovered, glycol can be recycled from the
production stream aboard the FPSO, often at or near 90 percent recovery. Recovery of glycol, should it
be used, is preferred given concerns over cost and space limitations.
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Table 4-5

Solid and Liquid Wastes Estimated for FPSO Operations, Exclusive of Produced Water

Type of Waste Agency Responsible for Treatment Disposal Method Disposal Generation Rate”
Applicable Discharge Freguency
Regulations®
Domestic Waste (Gray Water) USCG None necessary Dischargetoocean  Continuously 3,300 gal/day
Sanitary Wastes USCG Waste treatment Dischargetoocean Daily 2,200 gal/day
(biodegraded, chlorinated)
Deck Drainage and Washdown Water MMS Solids removal, oil-water Dischargeto ocean Daily 50-200 bbl/day
separation
Fire Control System Water USCG None necessary Dischargetoocean Variable, 210 gal/day
as needed
Miscellaneous Discharges’ USGC and MMS None necessary Dischargetoocean Variable, Variable
as needed
Ballast Water USCG None necessary Dischargetoocean Variable, Variable®
as needed
Trash USCG None necessary Onshoredisposal®  Twice weekly 150 Ib/day
Biodegradable Food Waste USCG Ground to <25 mm diameter  Dischargeto ocean  Daily 30 Ib/day
Support Vessel Discharges USCG Variable Dischargetoocean  Only while Appr. 100
on-site gal/day

Footnotes:

a- as of December 2000, the MM S and USCG continue to discuss regulatory authority for future FPSO operational discharges. For the purpose of thisanalysis, it is expected that MM S will oversee
discharge permit requirements (under an existing or future NPDES permit issued by the USEPA) for any drilling- or production-related wastes. USCG is expected to oversee discharges for non-

drilling or non-production wastes.

- assumesan average of 0.110 m*/day and 0.075 m*/day (30 and 20 gal/day) per person, respectively, for domestic and sanitary wastes; assumes deck drainage and washdown water average

production ranging from 50 to 200 bbl/day, although production rateswill vary during thelife of thefield, rates adapted from MM S (1999), USEPA (1993) and Continental Shelf Associates, Inc.

(1988, 1995);

°- includes all ather point source discharges (exclusive of produced water, ballast water, drilling fluids, deck drainage, well treatment and workover fluids, and sanitary and domestic wastes),
including minor amounts of desalinization unit discharge, diatomaceous earth filter media, blowout preventer fluid, uncontaminated bilge water, boiler blowdown, source water and sand, excess
cement slurry, and uncontaminated freshwater;

- onshore disposal requires waste containerization, offloading (FPSO to support vessel), transport to shore, and appropriate disposal; and

e- ballast water will be onloaded and subsequently discharged from the ballast tanks of the FPSO to maintain proper vessel draft and hydrodynamic characteristics. The ballast water discharge cycle
will be dependant upon daily oil production (i.e., ballast water will be released in approximately equal volumes as ail is stored). The frequency of oil offloading will determine the timing of
ballast water loading (i.e., ballast water will be onloaded as ail is offloaded to the shuttle tanker); given an FPSO storage capacity of 500,000 bbls (21,000,000 gal) of oil, similar volumes of
untreated seawater will be released as ail is produced and stored aboard the FPSO. With an ail offloading frequency of three days, it is projected that similar volumes of ballast water will be

discharged on anearly continuous basis over each three-day period.
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Deck drainage includes all effluents resulting from rain, deck washings, tank cleaning
operations, and runoff from curbs, gutters, and drains, including drip pans in work areas. Deck
drainage will be processed on site (e.g., through hydrocyclones) to remove oil and discharged.
Removed oil will be recycled through the production stream, while recovered vapors will be
injected into the gas stream. There will be no discharge of free oil in processed deck drainage
discharges which would cause a film, sheen, or discoloration of the surface of the water, or a
sludge or emulsion to be deposited beneath the surface of the water.

Depending upon the nature of the production reservoir, sand may also be present in the
production stream. Sludge is also generated as a by-product of crude oil/natural gas processing.
During cleaning of processing equipment, sand and sludge is removed, containerized, and
shipped to shore for proper disposal.

The term "miscellaneous discharges’ is defined by the U.S. Environmental Protection
Agency (USEPA, 1999) to include point source discharges such as blowout preventer fluid,
desalinization unit discharge, diatomaceous earth filter media, uncontaminated ballast water,
uncontaminated bilge water, uncontaminated freshwater, uncontaminated seawater, boiler
blowdown, source water and sand, and excess cement durry. It is envisioned that the term
“uncontaminated seawater” would also include cargo tank washwater that has been treated (e.g.,
by hydrocyclone or gravity separation) to comply with NPDES permit or Coast Guard
requirements. USEPA (1999) also defines separately a series of miscellaneous discharges of
seawater and freshwater which have been chemically treated, including fire control and utility lift
pump water, pressure test water, ballast water, “once through” non-contact cooling water, and
desalinization unit discharges. Uncontaminated ballast water will be discharged in large
volumes on a routine basis to maintain proper draft during production and offloading. Small
volume discharges from remaining sources are expected to occur during the course of FPSO
production operations. All discharges from the FPSO will be regulated by either the USEPA
NPDES permit or under Coast Guard regulations, as appropriate..

A variety of solid waste materials made of glass, metal, paper, plastic, and wood are
generated during production operations. Much of this is associated with galley and food service
operations and with operational supplies such as shipping pallets, containers, and protective
coverings. No trash or debriswill intentionally be disposed of into the marine environment. All
solid waste (exclusive of garbage [food scraps and waste] will be collected and shipped to shore
for processing and disposal. Comminuted food waste (i.e., <25 mm [1 in] diameter) will be
discharged on site.

In al cases, the discharge of produced water and other production-related wastes will
conform to NPDES permit limitations. Discharges from the FPSO and associated vessels that
are not production related (e.g., domestic and sanitary waste, miscellaneous discharges, and food
waste) are expected to conform to limitations to be established by Coast Guard (e.g., under
applicable MARPOL limitations).

4.1.2.6 Logistical Support

Helicopters carrying personnel and boats carrying supplies are expected to visit the FPSO
site continuously during the entire field life. Two or three flights per week will be required for
crew change for most of thistime. Occasionally, additiona flights will be required to transport
temporary personnel. One supply boat trip per week to the FPSO is also expected, carrying food,
chemicals, supplies, and fuel. Containerized wastes (e.g., solid waste and trash; sludge) and
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unused chemicals will be loaded aboard the supply boat and transported to shore. In summary,
FPSO operations are expected to require the following logistical support:

Two or three round trip helicopter flights on aroutine basis (i.e., nine-person capacity
from shorebase to site) per week for the production life of the field (i.e., six flight
hours, including refueling), with additional flights, as needed

One round trip supply vessel per week for the same period (one day per round trip)

4.1.2.7 Storage Operations

The storage of produced oil within the FPSO, coupled with the shuttling of oil to shore,
are unique characteristics of FPSO operations. Potentia impact-producing factors are associated
primarily with safety issues (e.g., potential for explosion; the need for vapor controls; conduct of
routine inspection and maintenance) and the potential for accidents. Current regulations
determine the nature of appropriate safety precautions. MMS and Coast Guard will review and
approve inspection and maintenance schedules and the vapor recovery system to be employed
during production operations, storage aboard the FPSO, and offloading. Safety precautions,
inspection and maintenance activities, and the vapor recovery system do not represent unique
impact-producing factors (when compared to comparable deepwater development options).
The potential for accidenta oil release is discussed in Section 4.4.1.

4.1.2.8 FPSO Offloading and Shuttle Tanker Operations

Offloading operations will involve the arrival, positioning, and hook-up of a shuttle
tanker to the FPSO. Offloading configurations can vary depending upon the FPSO
stationkeeping method, environmental conditions, and other design factors, including tandem,
side-by-side, and buoy-based arrangements. For the purpose of this anaysis, the tandem
offloading configuration is the most likely method. Asoutlined previously in Section 1.4.2.6:

The FPSO and shuttle tanker oriented in a tandem configuration would be capable of
offloading 50,000 barrels per hour (BPH)

Offloading frequency would range from one to 10 days, with a frequency of once
every three days during peak production

Under the Base Case, tandem offloading would occur under maximum wave height
limitations of 3.5 m (11.5 ft) for hook up/connection and 4.5 m (14.8 ft) for disconnect. These
wave height limitations, currently being used in North Sea FPSO operations, are established in
the absence of service vessel hook up support. Hook up is accomplished by the use of a
retractable hose and a messenger line. Under this approach, a messenger line is fired from the
FPSO to the shuttle tanker via compressed air. The hawser and hose(s) are then pulled over to
the shuttle tanker and connected. Should a service vessel be used for hook up and disconnect, a
3 m (10 ft) wave height limitation would be in effect. Neither approach alters the results of the
risk assessment (i.e., the selection of either method does not affect accident frequencies), as
detailed in Section 4.4.1. Based on areview of FPSO-related accident records, there have been
service vessel collisions with shuttle tankers during hook up operations, but no spill incidents as
aresult (J. Spires, DNV, 2000, personal communication).
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Cargo oil would be offloaded to the shuttle tanker using the FPSO’s main cargo pumps,
with oil being routed through a deck line to a stern offloading station, and then through a floating
hose to the midship loading manifold of the tanker. Safety features, such as marine break-away
offloading hoses and emergency shut-off valves, will be incorporated in order to minimize the
potential for, and size of, an oil spill. In addition, weather and sea state limitations will be
established to further ensure that hook-up and disconnect operations will not lead to accidental
oil release. A vapor recovery system between the FPSO and shuttle tanker would be employed
to minimize release of fugitive emissions from cargo tanks during offloading operations.

The required number of shuttle tanker trips to port in a given year is primarily afunction
of the FPSO production rate and the capacity of supporting shuttle tankers. The base-case
scenario considers an FPSO operating at a peak production rate of 150,000 bbl/day, supported by
shuttle tankers of 500,000 bbl capacity (table 4-6). When the FPSO is operating at or near peak
production rate, offloading events would occur at a rate of one every 3.3 days. Assuming the
FPSO can maintain the production rate for a period of one year, this would equate to 54.75
million bbl annual production and 110 offloading events and shuttle tanker transits to port. The
proposed action includes the potential for up to five FPSOs to be operating on the GOM OCS by
the year 2010. When considering the cumulative scenario for five concurrent base-case scenario
FPSO operations operating at peak capacity on an annual basis, the combined 273.75 million bbl
produced would require 548 offloading events and shuttle tanker transits to port. However, there
are certain variables with respect to production rates and shuttle tanker capacities that could
result in either more or fewer shuttle tanker transits. For example, as a group, the five FPSOs
might average less than a 150,000 bbl/day production rate over the course of a year, or shuttle
tanker capacity might average less than 500,000 bbl. If the five FPSOs average, as a group,
100,000 bbl/day production and are served by 500,000 bbl capacity shuttle tankers, the result
would be 365 offloading events and shuttle tanker transits to port. On the other hand, if the five
FPSOs average, as a group, 150,000 bbl/day production, but shuttle tanker capacity averages
only 400,000 bbl, the result would be 684 offloading events and transits to port.

4.1.2.9 Underwater Obstructions

FPSO surface location will represent an obstruction to other surface activities, such as
fishing. Underwater obstruction from the array of nine mooring lines will range from 30 to 60 m
(100 to 200 ft) below the water surface in the vicinity of the FPSO to the seafloor at a radial
distance of 3,048 m (10,000 ft) or more. Production risers, umbilicals, and the export gas line
hang almost vertically under the FPSO to a depth of 300 m (1,000 ft) or more, flaring
horizontally into a lazy wave and intercepting the seafloor severa thousand feet from the FPSO
location. The gas export line, flowlines, and umbilicals will be at or below the seafloor for most
of their length. Jumpers to the manifolds may extend as much as 3 m (10 ft) above the seafloor.
The three subsea manifolds and nine subsea wellheads may extend 6 to 9 m (20 to 30 ft) above
the seafloor. An approximate layout is pictured in figures 4-1 and 4-2. The three module/subsea
well clusters are 3,658 m (12,000 ft) or more from both the FPSO location and from each other.
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Table 4-6

Estimated Offloading Events and Shuttle Tanker Transits to Port
for the Base-Case Scenario FPSO
(and other production rate/shuttle tanker capacity scenarios)

Number of  FPSO Average Cumulative Annual  Shuttle Offloading Offloading

FPSOs Daily Production Tanker Size events and Frequency
Production Rate (million bbl/year) (bbl) transitsto (per each FPSO)
(million bbl/day) port/year

12 0.15 54.75 500,000 110 3.3 days

5° 0.15 273.75 500,000 550 3.3 days

5 0.15 273.75 400,000 685 2.7 days

5 0.10 182.50 500,000 365 5days

5 0.10 182.50 400,000 456 4 days

& Base-case scenario FPSO operating at peak crude production.
® Five base-case FPSOs operating at peak crude production.
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4.1.2.10 Nature and Scope of Potential Impact-Producing Factors by Resource
Being Affected

Air Quality

It has been assumed that generators, pumps, and compressors will operate at or near peak
levelsfor aperiod of threeto five years, then average half that level for the remainder of the field
life. Emissions of concern (i.e., criteria pollutants) associated with FPSO and shuttle tanker
operations include NOy, SO,, suspended particulates, and CO. Table 4-7 itemizes the various
pieces of equipment expected to be used during routine FPSO operations, the duty cycle
projected for each, and the projected emissions by pollutant. For analytical purposes, the air
quality analysis assumes that gas flaring might be allowed to occur for a period of up to ayear if
production does not yet support the gas export line. After that period, only emergency flaring
will be allowed. Such emissions have the potential to create a human health hazard and/or to
adversely affect the environment, particularly in nonattainment areas (e.g., Class| areas).

Shuttle tankers would offload crude oil in GOM ports and terminals. This section
provides a profile of estimated emissions from a base case scenario shuttle tanker unloading
500,000 bbls of crude oil while the tanker is docked in port. To develop this emissions profile,
EPA’s AP-42 (Fifth Edition, Volume |: Stationary Point and Area Sources, Section 3.4-1,
October 1996) was used to quantify emissions from the diesel engines. Table 2.4 from EPA-
453/R-95-017 (Oil and Gas Operations Average Emission Factors) was also used to determine
fugitive emissions from deck fittings. An estimate of the emissions that would be expected for a
base case scenario shuttle tanker is summarized in Table 4-8.

The emissions profile is intended to be representative of a base case scenario shuttle tanker,
however the specifications for oil tankers would likely vary somewhat in terms of type of main
propulsion system, pumping systems, and inerting systems, all of which contribute to the
emissions of pollutants from the vessel. Therefore, the following assumptions were applied
regarding the shuttle tanker addressed in this analysis:

Large diesels have replaced steam turbines as the engine of choice for ocean going
tankers. Unlike steam boilers, these diesel engines can be started on short notice (as
long as the lubrication systems and block heaters are functioning). For this profile,
emissions were assumed for two hours of operations at idle, with the engine not
operating during the remainder of the timein port.

For tankers powered by diesel main engines, tank pumping systems are normally
driven by separate diesel engines or electric motors. In this case, it has been assumed
that the tanker would have electric-driven pumps used to transfer crude between
different storage compartments aboard the vessel, and to transfer crude oil from the
vessel to the receiving terminal. An unloading rate of 20,000 barrels per hour is
assumed, which is typical for petroleum refining receiving operations. Other
facilities, such as the Louisiana Offshore Oil Port (LOOP) can offload tankers at rates
up to 50,000 barrels per hour. It is also assumed that power for the electric pumps
would be provided by diesel-driven auxiliary power generators located aboard the
ship. Itisestimated that 1,360 kilowatts (kW) of generating power would be required
during offloading operations. The calculated emissions from the generators are
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Table 4-7

Summary of Projected Air Emissions for Routine FPSO Operations by Equipment and Duty Cycle

Maximum Actua Pounds per Hour
Operations Equipment Fuel Fuel Run Time (Tons per Year)
Diesdl Engines HP Gal/hr Gal/day
Nat. Gas Engines HP SCF/hr SCF/day
Burners MMBTU/  SCF/hr SCF/day Hr/day Days TSP SOx NOx VOC CcO
hr
Production@ Turbine Driven Generator 5,500 52,3820 1,257,168 24 365 15.79 0.12 10.62
(69.16) (0.53) (46.52)
150,000 Turbine Driven Generator 5,500 52,3820 1,257,168 24 365 15.79 0.12 10.62
Bbl/Day (69.16) (0.53) (46.52)
200 Turbine Driven Generator 5,500 52,3820 1,257,168 24 365 15.79 0.12 10.62
MMCF/Day (69.16) (0.53) (46.52)
Turbine Driven Generator 5,500 52,3820 1,257,168 12 365 15.79 0.12 10.62
(34.58) (0.26) (23.26)
Turbine Driven Compressor 14,500  138,098.0 3,314,352 24 365 41.62 0.32 27.99
(182.30) (1.40) (122.60)
Emergency Generator 670 324 7 1 52 0.47 8.04 16.08 047 3.69
(>600 hp diesdl) (0.02) (0.22) (0.42) (0.02) (0.10)
Emergency Generator 670 324 7 1 52 0.47 8.04 16.08 047 3.69
(>600 hp diesdl) (0.02) (0.22) (0.42) (0.02) (0.10)
FirePump 572 276 663 1 52 1.26 117 17.73 141 3.82
(<600 hp diesdl) (0.03) (0.03) (0.46) (0.04) (0.10)
FirePump 572 276 663 1 52 1.26 117 17.73 141 3.82
(<600 hp diesdl) (0.03) (0.03) (0.46) (0.04) (0.10)
Deck Crane 572 276 663 5 365 1.26 117 17.73 141 3.82
(<600 hp diesdl) (1.15) (1.07) (16.18) (1.29) (3.49)
Deck Crane 572 276 663 5 365 1.26 117 17.73 141 3.82
(<600 hp diesdl) (1.15) (1.07) (16.18) (1.29) (3.49)
Deck Crane 572 276 663 5 365 1.26 117 17.73 141 3.82
(<600 hp diesdl) (1.15) (1.07) (16.18) (1.29) (3.49)
Air Compressor 110 53 128 1 365 0.24 0.23 341 0.27 0.73
(<600 hp diesdl) (0.04) (0.04) (0.62) (0.05) (0.13)
Support Vessel, 1,040 50.2 1,206 18 365 0.73 12.48 24.96 0.73 572
idle diesel (2.40) (41.00) (81.99) (2.40) (18.79)
Lightering Tanker, 7,425 358.6 8,607 12 110 5.20 89.10 178.20 523 40.84
idle diesel (343) (58.81) (117.61) (3.45) (26.95)
Chem-electric heater treater 26 24,761.9 594,286 24 365 0.19 0.01 248 0.14 2.08
(0.83) (0.04) (20.86) (0.62) (9.12)
Miscellaneous BPD SCF/hr Count
Wet Oil Tank (controlledby 10,500 24 365 0.26
VRU) (1.14)
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Table 4-7

Summary of Projected Air Emissions for Routine FPSO Operations by Equipment and Duty Cycle

Maximum Actua Pounds per Hour
Operations Equipment Fuel Fuel Run Time (Tons per Year)
Dry Oil Storage (controlled 150,000 24 365 375
by inert gas blanket) (16.42)
Flare (during startup ops) 4,166,667 24 120 2.375 297.50 251.25 1,618.75
(342 (428.40) (361.80) (2,331.0)
Process Vent 100 24 365 0.34
(1.49)
Fugitives 6,000.0 365 0.15
(0.66)
Glycal Still Vent (controlled) 8,333,333 24 358 1.10
(4.73)
TOTALS Fuel Use: 8,308,725.71 SCF/DAY 13.59 126.14 732.12 272.04 1,765.04
(10.23) (107.00) (1,097.96) (399.97) (2,682.27)

Notes: Annual emission estimates (tons per year) based on duty cycle of individual equipment (i.e., hours/day, days/year) and estimates of hourly emissions
(i.e., pounds per hour), rounded to the nearest hundredth of aton; annual totals by pollutant based on the sum of each piece of equipment.

The USEPA’ s AP-42 guidance document used in this analysis (USEPA, 1998) assumes that all sulfur in diesel fuel is converted to SO, The sulfur
content of the diesel fuel evaluated in thisair quality analysis was assumed to be 1.5 percent (off road diesel), consistent with current MM S guidelines.
Crude-oil transfer pumps were assumed to be driven by electric motors drawing power from one (or more) of the four 5,500-hp turbine-driven electrical
generators aboard the FPSO. Power requirements for the transfer pumps were not considered in cal culating emissions because emissions from the
turbine-driven generators were calculated at full load and 8,760 hours per year operation. The shuttle tanker was assumed to produce 22,275 hp at
maximum load, while idle horsepower was assumed to be one-third of the maximum horsepower, or 7,425 hp. While this assumption may be deemed
conservative, both fuel consumption and emissions increase significantly when engine are operated at less than 70 percent |oad.
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Table 4-8

Estimated Emissions for Base Case Scenario Shuttle Tanker While Offloading In Port

Pollutants (pounds per hour)

Sulfur Oxides of Carbon

Source Particulates  Dioxide Nitrogen Monoxide VOCs
Power Plant 52 89.1 178.2 40.8 5.23
Auxiliary Generator 13 217 434 10.0 1.28
Fugitive Sources - - - - 0.83
Total (Ibs/Port)* 46.0 786.4 1573.0 360.0 69.54

* Assumes 28 hoursin port, with main engines operating for a period of two hours.
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assumed to occur during 28 hours of operation, which includes three hours of
demurrage while in port.

It is assumed that a tank inerting system would be operational, using the exhaust gas
from the auxiliary generator with no additional emissions.

Emissions of VOCs during unloading operations would be limited to fugitive
emissions from deck fittings and pumps, as the storage tank vapor displacement
would occur at the terminal rather than in the shuttle tanker.

Based on the assumptions outlined above, the total emissions pollutants for the offloading
shuttle tanker would be approximately 1.4 tons per port call.

Water Quality

Continuous, daily, or periodic discharges expected to occur on site were detailed in table
4-5. Discharges can be grouped by the following categories. produced water, domestic and
sanitary wastes, and miscellaneous wastes. The nature of these discharges is consistent with
other platform-based production operations; the maximum output of produced water (i.e., to be
realized towards the end of the life of a producing field) is at the higher end of the spectrum for
platform-based production. However, the periodic, high-volume releases of uncontaminated
ballast water are uniqueto FPSO systems. For all discharges associated with FPSO production,
thereislimited potential for adverse effects to ambient water quality.

Seafloor Sediments, Topography, Benthic Communities, and Archeological
Resources

Seafloor sediments, benthic communities, and archeological resources in water depths of
200 m (656 ft) and greater are removed (by water depth) from surface production and tankering
operations. Infrequent gear or equipment loss from the FPSO, shuttle tanker, or support vessels
may occur during loading or offloading operations. Minor leakage of hydraulic control fluids or
well maintenance chemicals may occur from bottom-founded structures, both of which have the
potential for impact to benthic resources. No other impact-producing factors from routine
operations are evident.

Marine Mammals, Sea Turtles, Birds, Fisheries, and Coastal Habitats

Routine operations will result in several potential impact-producing effects. Helicopters
and supply boats will transit between shorebase and FPSO site weekly. Supply boats will
maintain station at the site for several hours each trip to onload/offload supplies. Shuttle tankers
will transit between port and the FPSO site every few days and will remain on station
approximately twelve hours each trip. Helicopters and supply vessels produce noise which may
affect marine mammals, turtles, and birds. The amplitude, frequency, and duration of noise
transmitted into the air and into the water column is not well understood, but levels should be
comparable to that of other deepwater development systems of comparable size. Supply vessels
on site discharge treated sanitary wastes and bilge water, both of which may produce impacts to
marine mammals, turtles, birds, and fish; however, the amount discharged should be comparable
to that of supply vessels visiting other deepwater development systems of comparable size.
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Vessels in transit and close to shore may also affect coastal habitats through routine discharges
and vessel wake (i.e., potentially affecting erosion, sedimentation, and turbidity).

The FPSO system will present a surface obstruction to fishing and other activities over a
relatively localized area. Underwater obstructions will extend over an area of severa sguare
miles, but are generally concentrated in multiple clusters near the seafloor.

Socioeconomic Issues

The potential socioeconomic demands of FPSO operations, including shore-based
support activities, pertain primarily to the need for a local, specialized labor force (i.e., direct
employment). Marine crew (for both FPSO and shuttle tankers) and FPSO production personnel
would be required. Onshore locations (where FPSO support operations may be expected to
occur) could be expected to redlize the greatest impact, particularly if non-local, specialized
personnel necessary for FPSO operations are relocated . Indirect and induced employment and
associated fiscal impacts may aso be realized in areas supporting FPSO operations. As was
noted for installation activities, of most interest are any increases in the local labor force
prompted by FPSO operations (e.g., demands for a specialized labor force) and the fiscal effects
of such operations on the local economy.

4.1.3 Decommissioning

Typically, an operator proposes a decommissioning strategy as part of its DWOP
submittal, the latter of which is subject to approval by MMS. Current decommissioning
requirements do not vary with water depth. Lessees are required to remove all structures and
related underwater obstructions within one year after termination of their lease. Complete
removal of system components on and below the surface of the seafloor will become
increasingly difficult as water depth increases; such remova may require the use of explosives
and may even challenge physical limits of (de)construction capabilities. Further, and perhaps
more importantly, activities associated with complete removal of manifolds, anchors, flowlines,
and umbilicals would likely increase the risk of human injury and may even produce greater
disturbance to the environment than would abandonment in place. The following strategy is
believed to be representative of what will be proposed for FPSO systems:

System Component Strategy

FPSO Hull - Removed from field for salvage or reuse

Mooring Lines - Removal

Anchors - Removal

Subsea Wells - Plug in accordance with 30 CFR 250,
Subpart G

Subsea Production Trees - Retrieve

Production, Umbilical and

Export Risers - Removefor salvage

Gas export line - Decommission (cleaned and capped),

abandon on the seafloor
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System Component Strategy

Flowlines and Umbilicals - Decommission (cleaned and capped),
abandon on the seafloor

Well and Umbilical Jumpers - Retrieve

Seafloor Structures (manifold,

transponder supports) - Removal

The following text will describe the activities and equipment required for
decommissioning of a base-case scenario FPSO and will summarize their potential impact-
producing factors. The implications of complete removal will be cited where abandonment in
place is proposed.

Decommissioning Activities Overview

Risers, flowlines, gas export lines, umbilicals, manifolds and jumpers will be flushed as
required by regulation prior to the start of any removal operations. Subsea wells will be plugged
and abandoned in accordance with 30 CFR 250, Subpart G and wellheads and manifold jumpers
will be removed by amobile drilling rig, which will anchor temporarily over each well cluster.

Selection of equipment and procedures to be employed in other decommissioning
activities will depend on many of the same factors which influence selections for installation,
including availability and cost of equipment and sequence of operations. It has been assumed in
this analysis that a dynamically positioned construction vessel will undertake all removal
activities, but flowlines and umbilicals might be abandoned using a dynamically positioned
pipelaying vessel. It is believed that the potential impact-producing effects will be essentially
the same.

The sequence of decommissioning, abandonment, and/or removal operations will proceed
essentially in reverse of the installation sequence, but the overall duration of work will be
shorter — perhaps only three or four weeks total. As in the case of installation, certain
decommissioning activities can be carried out simultaneously. Figure 4-4 shows a representative
decommissioning sequence.

4.1.3.1 Riser Removal

Decommissioning of the three umbilical risers, six production risers, and the gas export
riser can proceed in the order that is most convenient. The top termination for each riser will be
released from its turret support, suspended under the FPSO, and passed to the construction
vessel. The construction vessel will then move toward a location over the bottom connection of
the riser, taking in and laying down riser and buoyancy elements on the deck of the vessel or
directly onto a cargo barge. When the connection between the riser and the flowline, umbilical,
or gas export line reaches the surface, the construction vessel will disconnect the riser, place a
closure on the end of the flowline, umbilical, or line, and lower it to the seafloor. Thiswork may
require only a week, or may extend to two weeks should removal operations be more complex.

For the purpose of this analysis, riser removal is projected to take aweek and ahalf. Itis
assumed that one cargo barge and an attending tug will be on location throughout this work and
will transport the removed components to a shorebase for salvage or storage.
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4.1.3.2 Mooring Spread Removal

Decommissioning of the mooring spread will proceed as the reverse of the installation
procedure. Maintaining some degree of symmetry with respect to the remaining lines, each line
will be slacked and released from its support/jacking system on the FPSO and passed to the
construction vessel. The construction vessel will then move in the direction of the respective
anchor location, taking in and laying down the mooring wire as it proceeds. Upon reaching the
connection point between the top and lower lengths of the line, it will disconnect the FPSO end
of the line and remove it. It is assumed that this work will take a week and a half and that one
cargo barge and an attending tug will be on location throughout this work and will transport the
removed components to a shorebase for salvage or storage.

4.1.3.3 FPSO Removal

It is assumed that three to five tugs will be in attendance during the latter stages of the
process of releasing the moorings and that they will then tow the FPSO to a shorebase for further
decommissioning, refurbishment, or salvage. It is assumed here that the tow tugs will be at the
offshore location for aweek and on route to the shorebase for two days.

4.1.3.4 Flowline, Umbilical, Gas Export Line, and Manifold Abandonment

Decommissioning of the gas export line is complete when the line is capped and lowered
to the seafloor at the completion of riser removal. Decommissioning of the flowlines and
umbilicals is completed by removing the jumpers between each of the three manifolds and the
other end of each flowline/lumbilical and the placement of any necessary sealing plugs. It may
also be necessary to place plugs in some manifold connections, but this work will likely be
shared with the floating drilling rig which abandons the subsea wells and removes the wellheads
and jumpers. Thiswork should take no longer than aweek and will not require a cargo barge.

4.1.3.5 Logistical Support

Logistical support for the FPSO decommissioning will vary widely in detail, depending
on the equipment, procedures, and sequencing of field operations. For this base case, the
following equipment spreads, timing, and duration offshore are thought to be conservative:

Two round trip helicopter flights (i.e., nine-person capacity from shorebase to site)
per week for a four-week period, beginning with riser removal and ending with
completion of flowline/lumbilical/manifold abandonment and removal (i.e., six flight
hours, including refueling)

Oneround trip crew boat per week for the same period (one day per round trip)

One cargo barge and attendant 1,200 HP tug on site for the first three weeks

One cargo barge and attendant 1,200 HP tug in transit between site and shorebase
twice during the same three week period (24-hour tow each way)
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4.1.3.6 Nature and Scope of Potential Impact-Producing Factors by Resource
Being Affected

Neither the nature of the procedures nor the equipment involved in FPSO
decommissioning is expected to be unique, and are similar to comparable activities for other
deepwater development system alternatives. An overview of potential impact-producing factors
and resources impacted during FPSO decommissioning is provided in table 4-9.

Air Quality

As in the case of installation, all activities and sources involved in decommissioning
involve internal combustion engines to power propulsion and/or work functions and therefore
will impact air quality. NOy, SO,, CO, and PMj are the primary emissions of concern. An
estimate of emissions during decommissioning activities is contained in table 4-10 in terms of
total fuel burned (generally #2 diesel) per week. Estimates are given for each maor piece of
eguipment for the duration of decommissioning.

Water Quality

As with installation, there are two potential sources of impact on water quality:
disturbance of seafloor sediments in connection with decommissioning activities and discharges
from vessels participating in decommissioning activities. Removal of production risers,
umbilical risers, gas export line riser, and mooring lines and abandonment flowlines are expected
to cause temporary, localized disturbances on the seafloor, causing resuspension of sedimentsin
the near-bottom water column.

Decommissioning activities do not involve discharges into the water, other than the
normal release of processed water associated with operation of the accommodation for workers
on board each vessel. Vessel discharges include treated sanitary wastes and bilge water, both of
which have the potential for impact to ambient water quality. The nature of the discharge will
conform to regulatory requirements appropriate to each vessel. Table 4-3 provides estimates of
expected manning level requirements.

Seafloor Sediments, Topography, Benthic Communities, and Archeological
Resources

Operations associated with removing production, umbilical, and gas export line risers
would involve temporarily lifting alength of several thousand feet (perhaps one to one and a half
times the water depth) of the associated line off the seafloor to enable disconnecting the riser and
plugging the line. The line would then be lowered back to the seafloor and may or may not lay
along the line of bottom contact. Similarly, removal of the upper length of mooring lines may
temporarily lift part of the lower end of the line off the seafloor during the removal process. All
these operations are expected to have impact limited to relatively shallow penetrations, between
afew inches and afew feet of the seafloor, depending in part on sediment strength.
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Table 4-9

Impact Producing Factors Versus Resources Potentially Affected by FPSO Decommissioning
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Table 4-10

Air Emission Levels During FPSO Decommissioning (total priority pollutantsin tons/week)

Sources Location Week of Decommissioning
Vessels: 1 2 3 4 5 6
Construction (1) FPSO Site - 28 28 28 28 -
Transit 8 - - - - 8
Tow (5) FPSO Site - - 32 43 - -
Transit - - 11 21 - -
Logistical FPSO Site - 4 4 4 - -
Transit 0.4 1 2 1 0.4 -

Aircraft:

Helicopter Transit 1 1 1 1 1 1
Totals FPSO Site - 32 64 75 28 -
Transit 9.4 2 14 23 14 9

Notes: Emission levels assume limited deepwater anchoring capability and the use of dynamically positioned vessels, where appropriate.
Emission levels can be expected to decrease significantly (from those noted above) in the shallower portions of the study area where
anchoring or mooring is possible. One construction vessel (barge) rated at ~20,000 hp is required; estimated fuel consumption: 9,000
gal/day; duty cycle: 40 to 50 percent. Five tow vessels are required, with two at 7,000 hp, two at 5,600 hp, and one at 4,200 hp; estimated
fuel consumption: 2,400 gal/day (average); duty cycle: 70 to 80 percent. One tug and one crewboat (i.e., logistical) are required; estimated
fuel consumption: 1,200 to 2,800 gal/day, respectively; duty cycle: 70 to 80 percent and 70 to 90 percent, respectively. (Source: D.
Calkins, Manager of Engineering and Projects, J. Ray McDermott, Mentor Subsea, personal communication, August/September, 1999).
Helicopter support assumes one Sikorsky S-76 Class transport in use 8 hrs/day, 7 days/week. Pollutant speciation for PM, SO,, NOy, CO,
and VOCsis 2, 27, 56, 13, and 2 percent, respectively.
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Marine Mammals, Sea Turtles, Birds, Fisheries, and Coastal Habitats

As in the case of installation, noise and other disturbance associated with vessels and
construction equipment employed during decommissioning and removal may disturb animal
resources, but no physical contact is anticipated and all operations will be temporary. Other than
temporary disturbance of occasiona passage of vesselsin transit, decommissioning activities are
not expected to have impact-producing effects on coastal habitats.

Socioeconomic Issues

The potential socioeconomic effects of FPSO decommissioning operations, including
shore-based support activities, pertain primarily to where such decommissioning support
operations may be expected to occur. Aswas noted for installation activities, of most interest are
any increases in the local labor force prompted by FPSO decommissioning operations (e.g.,
demands for a specialized labor force) and the fiscal effects of such operations on the local
economy.

4.2 Cumulative Impact-Producing Factors

Cumulative impacts are the combined and/or incremental effects upon the environment
(marine, coastal, terrestrial, and air resources and socioeconomic systems) that potentially could
occur as a result of past, present, and reasonably foreseeable future actions, including the
proposed action. The purpose of addressing cumulative impacts in the context of this EISisto
assess the incremental contribution of the proposed action toward the effects of a broader range
of impacting factors that combined may potentially impact resources. The proposed use of
FPSOs on the OCS in the Western and Central Planning Areas is projected to include the
potential installation, startup, and operation of as many as five FPSOs during the ten-year period
of 2001 through 2010. The first FPSO would be installed as early as 2001, and the remaining of
the four FPSOs would be installed as late as 2010.

MMS has identified cumulative impact-producing activities, and addressed the
cumulative impacts, for planned and projected GOM OCS oil and gas development activities in
two recent lease sdle NEPA documentation efforts. These are the published Final EIS
documents for Gulf of Mexico OCS Oil and Gas Lease Sales 171, 174, 177, and 180, Western
Planning Area, OCS EISEA MMS 98-0008, May, 1998, and Gulf of Mexico OCS Lease Sales
169, 172, 175, 178 and 182, Central Planning Area, OCS EISEA MMS 97-0033, November
1997.” These two multi-sale FEISs provide a comprehensive assessment of the types and scales
of activities that would represent the cumulative scenario for 1996 through 2036, encompassing
the ten-year period of proposed use of FPSOs addressed in this EIS. Cumulative factors
addressed in these |ease sale FEISs for the Western and Central Planning Areas that are relevant
to the cumulative scenario for the proposed use of FPSOs include:

Future offshore OCS operations (i.e., development timetables and activities),
Future coastal activities related to OCS operations (i.e., infrastructure and activities);
and,
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Other mgjor offshore, coastal, and onshore activities (e.g., dredge spoil disposdl,
tanker and barge activity, military activities, artificial reef programs, etc.).

For this EIS addressing the proposed use of FPSOs on the GOM OCS, a ten-year time
frame (2001 through 2010) was chosen for the analysis because there are a number of factors that
make projections beyond this time frame very uncertain. The pace of economic growth,
fluctuations in oil and gas prices, demand for hydrocarbon-derived products, success of other
deepwater projects and evolving technologies in offshore oil and gas development methods
greatly affect the pace and intensity of development activity. Industry plans for development in
the next five years are fairly well known. Projections for the five years beyond that are based on
extrapolations of known activity levels and expected availability of the required additional
support infrastructure. Activity levels and technological advancements beyond the next 10 years,
especially for newly emerging development methods in the GOM (e.g., the proposed use of
FPSOs) are not reasonably foreseeable and were not projected for this scenario.

4.2.1 OCS and Other Offshore Oil and Gas Development Activities

U.S. Department of Energy (1999) projections indicate an increase in the domestic
demand for petroleum products to continue through at least the next two decades. Average
annual growth rates for petroleum consumption in the U.S. for the years 1998 through 2020 are
projected to be between 1.1 and 1.4 percent. Imports of oil and petroleum products are expected
to increase from 51 percent of domestic petroleum consumption (in 1999) to over 62 percent in
2010.

During the period of 1997 through 2010, domestic production of crude oil is projected to
decrease 20.7 percent, from 6.45 million bbl/day to 5.18 million bbl/day. The projected annual
decrease in domestic production of crude oil is attributed to declining production in Alaskan
fields and conventional onshore and near-shore fields in the lower 48 states. The decrease in
domestic production is somewhat tempered in the DOE projections in that advances in enabling
technologies are expected to facilitate enhanc