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FINDING OF NO SIGNIFICANT IMPACT

Programmatic Environmental Assessment
of Geological and Geophysical Exploration for Mineral Resources
on the Gulf of Mexico Outer Continental Shelf

The programmatic environmental assessment (EA) to evaluate the potential environmental impacts
of geological and geophysical (G&G) activities in the Gulf of Mexico has been completed. The
evaluation encompasses all G&G operations under the regulatory authority of the Minerals Management
Service (MMS). The EA has resulted in a Finding of No Significant Impact (FONSI). Based on this EA,
we have concluded that the G&G activities evaluated in the EA will not significantly affect the quality of
the human environment. Preparation of an environmental impact statement is not required.

The activities analyzed in the EA include seismic surveys, deep-tow side-scan surveys,
electromagnetic surveys, geological and geochemical sampling, and remote-sensing surveys. The impact-
producing factors considered in the EA include seismic survey noise, vessel and aircraft noise, seafloor
disturbance, and space-use conflicts with seismic arrays. Based on established significance criteria, the
results of the impact analyses are that G&G activities are not expected to result in significant adverse
impacts to any of the potentially affected resources. Potentially adverse but not significant impacts were
identified for marine mammals (except the manatee) and commercial and recreational fishing; negligible
to potentially adverse but not significant impacts were identified for sea turtles, fish, and benthic
communities; and negligible impacts were identified for coastal and marine birds and the manatee.

The MMS currently requires operators engaged in activities on the OCS, including G&G activities,
to comply with a number of lease stipulations, Notices to Lessees, and other mitigation measures
designed to reduce or eliminate impacts to sensitive environmental resources from impact-producing
factors such as vessel or aircraft traffic, anchoring, and trash and debris. These mitigation measures are
required under the OCS Lands Act, the Endangered Species Act, and the Marine Mammal Protection Act
to ensure environmental protection, consistent environmental policy, and safety. As part of the impact
analyses completed in the G&G EA, current protective and mitigation measures were evaluated
(Alternative 1). Additional feasible mitigation measures were also considered (Alternatives 2 and 3), as
were potential restrictions on concurrent operations within close proximity to one another (Alternative 4),
as viable alternatives to further reduce the potential for impacts to marine mammals.

Under the current regulatory status quo, the following mitigation measures will be required for
seismic surveys in water depths greater than 200 m in the Western and Central Planning Areas and in all
water depths in the Eastern Planning Area of the Gulf of Mexico. The need for these mitigations was
recognized during development of the EA and these requirements were put into effect by MMS's Notice
to Lessees 2004-G01 issued on March 1, 2004.

Mitigation Measures

1. All seismic surveys will include visual monitoring and clearance of a 500-m
(radial distance) exclusion zone around the array and in the immediate vicinity of
the survey vessel. Visual monitoring will begin no less than 30 minutes prior to
the beginning of ramp-up and will continue until seismic operations cease or until
sighting conditions do not allow observation of the sea surface (e.g., fog, rain,
and darkness). Visual monitoring will be conducted using trained protected
species observers. Vessel crews may be used in this capacity provided that the
observers are properly trained.



2. All seismic surveys will include ramp-up procedures (i.e., soft start), with ramp-
up to be initiated only during daylight hours following clearance of the exclusion
zone (i.e., no sightings of whales within the exclusion zone for a minimum of 30
minutes).

3. Continuous (day and night) seismic survey operations will be allowed. However,
if a whale is spotted within or transiting towards the exclusion zone surrounding
the array and survey vessel, an immediate shutdown of the array will be required.
Subsequent restart of the array, using ramp-up and protected species observers,
will only be allowed during daylight hours and following clearance of the
exclusion zone. Similar restrictions apply to airgun arrays that have been shut
down for maintenance.

4, The use of experimental passive acoustic monitoring (to establish the presence
and approximate location of vocalizing marine mammals, particularly sperm
whales) is encouraged. If an array is shutdown, ramp-up may proceed during
periods of poor visibility (e.g., during nighttime or periods of fog or rain, when
the 500-m exclusion zone cannot be monitored) if passive acoustic monitoring is
employed and no marine mammal vocalizations are evident. Use of a passive
acoustic array by an observer proficient in its use will allow ramp-up and the
subsequent start of a seismic survey during times of reduced visibility when such
ramp-up otherwise would not be permitted using only trained protected species
observers.
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MMS STATEMENT OF RESPONSIBILITY

This Programmatic Environmental Assessment (PEA) has been prepared for the Minerals
Management Service (MMS), Gulf of Mexico OCS Region, New Orleans, LA by Continental Shelf
Associates, Inc. (CSA), Jupiter, FL, under MMS Contract 1432-01-99-CT-30987. A unique balance of
responsibilities is necessary for a private-sector contractor to prepare a National Environmental Policy
Act (NEPA) document for a Federal agency. The contractor performs most of the work and is responsible
for the technical adequacy and scientific credibility of the analyses, but the Federal agency is responsible
for the scope, content, and findings of the document (40 CFR 1506.5).

During the course of this project, MMS has been responsible for

overall project plan and scope;

accomplishment of the project, via a competitive procurement, which was won by CSA;
project performance, including technical and policy reviews of draft documents;

compliance with NEPA regulations, and with agency-specific NEPA requirements of the U.S.
Department of the Interior (USDOI) and of MMS, and with the policies of the MMS and
USDOI;

consultations with other Federal agencies; and

ultimate “ownership” of the scope, content, and findings of the final PEA.

CSA has been responsible for

characterizing geological and geophysical (G&G) operations historically conducted, currently
operating, or projected to occur in Gulf waters;

summarizing important characteristics of Gulf resources potentially sensitive to G&G
operations, with an emphasis on hearing and sensitivity (to acoustic impact) for marine
mammals, sea turtles, and fishes;

determining whether G&G activities have significant impacts on the Gulf of Mexico’s
marine, coastal, or human environments, further identifying significant impacts for additional
NEPA analysis; and

describing and evaluating mitigation measures (including the identification of those in current
regulations and lease stipulations, plus additional protective measures) that may be applicable
to future G&G operations as a means of reducing or eliminating potentially significant
impacts.

MMS takes full responsibility for the scope, content, and findings of this PEA.
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SUMMARY

This Programmatic Environmental Assessment (PEA) prepared by the U.S. Department of the
Interior's Minerals Management Service (MMS) evaluates environmental impacts of geological and
geophysical (G&G) activities in the Gulf of Mexico (GOM). These activities were the subject of a
previous Environmental Impact Statement (EIS) prepared by the U.S. Geological Survey in 1976 and a
PEA prepared by the MMS in 1984. A new PEA is needed in light of advances in G&G technology,
expansion of activities into deep offshore waters, and improved knowledge of acoustic impacts on marine
life. Further, those G&G activities that were previously determined to be categorical exclusions
(CATEXs), which were exempt from detailed analysis (based on previous environmental documents)
need to be revisited and re-evaluated.

Purpose and Need

The action addressed in this PEA encompasses G&G operations under MMS regulatory authority
throughout the GOM outer continental shelf (OCS). Further reference to G&G activities in this document
refers to those specific to Gulf of Mexico OCS mineral exploration and subject to MMS regulatory
authority. G&G activities aimed at OCS mineral exploration are considered a Federal action under the
National Environment Policy Act (NEPA).

For the purpose of this analysis, G&G activities include

e seismic surveys (including high-resolution site surveys and various types of seismic
exploration and development surveys);

deep-tow side-scan sonar surveys;

electromagnetic surveys;

geological and geochemical sampling; and

remote sensing (including gravity and magnetic surveys).

Drilling of deep stratigraphic test holes and use of explosives are excluded from consideration
because these activities already require preparation of an Environmental Assessment (EA). G&G studies
conducted by other Federal agencies and universities for scientific purposes, although similar or identical
to operations conducted under MMS G&G permits, do not require an MMS permit and are not
specifically addressed in this EA. However, G&G scientific research related to oil, gas, and other mineral
resources requires a permit or filing of a notice to MMS.

G&G surveys provide information used by industry and government to evaluate the potential for
offshore oil, gas, and methane hydrate resources and geologic hazards. The oil and gas industry needs
accurate data on the location, extent, and properties of hydrocarbon resources, as well as information on
shallow geologic hazards and seafloor geotechnical properties, in order to explore, develop, produce, and
transport hydrocarbons safely and economically. The MMS also needs this information to fulfill its
statutory responsibilities to ensure safe operations, support environmental impact analyses, protect
benthic resources through avoidance measures, ensure fair market value for leases, make royalty relief
determinations, conserve oil and gas resources, and perform other statutory responsibilities. Operations
overseen and permitted by the MMS must comply with various environmental laws (e.g., Endangered
Species Act [ESA], Marine Mammal Protection Act [MMPA], Magnuson-Stevens Fishery Conservation
and Management Act). Information and analysis developed within this PEA will be used by the MMS to
support future ESA Section 7 consultations and incidental take authorizations issued under the MMPA.
The MMS also uses high-resolution geophysical data in each of its primary mission areas. MMS
regulatory staff uses these data to ensure that the proposed site of bottom-founded structures is safe
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(i.e., via geohazards review) and that the foundations are properly designed (i.e., based on engineering
parameters determined from cores), thus ensuring safe operations. MMS environmental staff uses these
data to support mitigation measures and decisions to protect benthic and historic archaeological resources,
for protection of the environment. MMS resource evaluation staff uses deep seismic data for resources
estimation and bid evaluation to ensure that the government receives a fair market value for tracts offered
for lease. MMS production and development staff uses 3D data to map reserves and develop
conservation evaluations for conservation of resources.

The MMS is mandated to manage the development of OCS oil, gas, and mineral resources, while
also ensuring safe operations and protection of the human, marine, and coastal environments. The
purpose of the MMS regulatory program is to ensure that the G&G data needed by industry and
government are obtained in a technically safe and environmentally sound manner.

Characterization of G&G Activities

A detailed characterization of G&G activities has been developed, in part to provide a basis for
identifying impact agents, an important initial step in impact assessment. Among the G&G activities
characterized within this PEA, seismic surveys are the main focus because they historically have covered
a large area of the Gulf each year and have the greatest potential for impacts on the environment. Further,
there are increasing concerns in the regulatory and scientific communities regarding acoustic impacts on
marine life, including marine mammals, turtles, and fishes.

MMS permit records are also summarized to determine recent seismic survey activity levels, with
survey data (e.g., line kilometers traversed) organized by water depth (i.e., shallow water, <200 m; deeper
water, >200 m) and by MMS Planning Area.

Based on the technical information compiled in this PEA pertinent to airgun systems being used
in the Gulf of Mexico, the distance from an acoustic source (i.e., airgun array) to a predetermined sound
pressure level, or target isopleth (e.g., 180 dB re 1 pPa root mean squared [rms]) was calculated.
Applying the theory of spherical spreading (i.e., 20log[R]) and considering the potential transition to
modified cylindrical spreading and other factors (e.g., array effect, conversion from zero-to-peak to rms),
the estimated distance from the source to the 180 dB re 1 puPa (rms) isopleth for a characteristic 240-dB
airgun array has been calculated to be ~300 m (~0.16 nmi) for surface and near-surface waters. Within
this “impact zone,” sound pressure levels would be >180 dB, a level at which some studies suggest that
auditory impairment of cetaceans has the potential to occur. Similar calculations indicate that the 160 dB
re 1 pPa (rms) isopleth extends ~3,000 m (~1.6 nmi) from a typical G&G seismic source. The
methodology and rationale employed in these calculations have been detailed in the PEA and supporting
technical appendices, concurrent with known limitations and assumptions. For example, the frequency
components of a seismic signal have been characterized. However, the differential attenuation of these
frequency components has not been thoroughly described in the literature and, therefore, cannot be
readily integrated into the distance calculations. Similarly, the biological significance of seismic noise to
individual species or species groups remains a research topic of interest and point of discussion among
marine biologists and regulators.

Affected Environment and Sensitive Resources

Of the resources considered in detail in this assessment (i.e., marine mammals, sea turtles, coastal
and marine birds, fishes, commercial and recreational fisheries, coastal and marine birds, and benthic
communities), protected resources are of primary concern - marine mammals, sea turtles, and fishes. Of
particular concern are those marine mammal species whose hearing capabilities (based on vocalization
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characteristics) fall within the low frequencies introduced into the marine environment by some seismic
and other geophysical activities. The PEA provides a comprehensive characterization of those biological
resources that may be adversely affected by G&G activities. A review of the Gulf’s diverse biological
resources shows that several species of marine mammals are deemed to be at greater risk of acoustic
impact from seismic surveys — sperm, Bryde’s, and beaked whales. Therefore, seismic surveys are
described in the most detail. However, all remaining G&G activities are also described.

The three species or species groups of most concern — sperm, Bryde’s, and beaked whales — are
assumed to have some sensitivity to seismic noise (i.e., low frequency), particularly under those
circumstances where these species do not move away from higher level exposure. These two species and
single species group possess or exhibit traits that prompt particular concerns related to possible acoustic
effects from airguns, whether based on low frequency sensitivity (i.e., frequencies of greatest hearing
sensitivity that overlap with maximum airgun output) or deep diving habitats (i.e., potentially placing
individuals below an operational array, within the zone of highest seismic sound pressure levels).
Aggregations of sperm whales are common along the shelf edge in the vicinity of the Mississippi River
delta in surface water depths over the 500 to 2,000 m isobath, and studies are continuing in an attempt to
determine the group composition (i.e., adult males and females, calves, and immature individuals) of this
species within the GOM. Unlike mysticetes, which may remain close to the surface for long periods,
sperm whales spend relatively little time at the surface during the course of feeding activity. Sperm
whales dive to several hundred meters and beyond for extended periods of time. Such diving activity
takes them down to a depth where they could potentially be passed over directly by an operating seismic
vessel without visual detection. As airgun arrays are generally configured to produce a maximum, low
frequency energy lobe directly downwards towards the seabed, sperm whales may enter a region of
increased ensonification relative to more near-surface species.

Bryde’s whale is the most frequently sighted baleen species in the Gulf, though considered
uncommon. In general, baleen whales are notably absent from waters of the GOM, with the sole
exception being Bryde’s whale, with a small population present in the northeastern Gulf (off Florida).
Strandings and sightings data suggest that this species may be present throughout the year, generally in
the northeastern Gulf in surface waters near the 100-m isobath between the Mississippi River delta and
southern Florida. Beaked whales that have been classified as strategic stocks in the GOM include three
species in the genus Mesoplodon (i.e., Sowerby’s, Blainville’s, and Gervais’ beaked whales) and one in
the genus Ziphius (Cuvier’s beaked whale). Generally, beaked whales appear to prefer deep water, with
sightings routinely in surface waters between the 700 to 2,000 m isobath. In terms of overall sensitivity
to G&G activities, baleen whales (e.g., Bryde’s) are potentially a relatively “high risk” category amongst
the cetacea. Hearing sensitivity at low frequencies down to ~10 Hertz (Hz) is probably good, since many
of the vocalizations of baleen whales occur in the low tens to a few hundred Hertz, which implies
functional hearing in this range. Similarly, sperm whales also vocalize as low as 100 Hz, with a similar
implication regarding functional hearing capabilities.

Beaked whales, as represented by Blainville’s beaked whale in the Gulf, may vocalize at
<1,000 Hz. In recent years, beaked whales have shown apparent adverse reaction during the use of
military sonar (e.g., strandings coincident with North Atlantic Treaty Organization (NATO) and
U.S. Navy fleet exercises). While their status as a strategic stock prompts further concern for any
acoustic impacts to beaked whales, their deep-diving habits also put this group at risk, similar to sperm
whales. As airgun arrays are configured to concentrate their output energy in the lower frequency range
(i.e., 10 to 200 Hz), with lower energy levels in the 200 to 500 Hz and 500 to 1,000 Hz range and beyond,
there is clearly a good overlap between the expected frequencies of good hearing sensitivity (low
threshold) in these species and maximal airgun output at source. Concern for beaked whales is further
amplified due to their cryptic nature and associated difficulties locating and identifying individuals in the
field.
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Alternatives

The alternatives must support the purpose and need as described above. Selecting any one
alternative over another does not preclude the MMS from complying with any existing environmental
laws. The following alternatives are evaluated in this PEA:

1 — Continuation of the Status Quo (Proposed Action; equivalent to no action);

2 — Addition of Vessel-based Passive Acoustic Monitoring as a Requirement;

3 — Addition of Both Passive and Active Acoustic Monitoring as Requirements; and
4 — Restrict G&G Seismic Survey Activities.

Alternative 1 — Proposed Action (Continuation of the Status Quo)

The Proposed Action addressed in this PEA is continuance of the MMS permitting process for
those G&G operations in the GOM subject to MMS regulatory authority, as described in 30 CFR 251.4
and 280.3, and continuance of allowed G&G activities conducted under a lease described in 30 CFR Part
250 Subpart B. For the purpose of this analysis, Alternative 1 includes G&G activities noted previously
(i.e., seismic surveys, deep-tow side-scan sonar surveys, electromagnetic surveys, geological and
geochemical sampling, and remote sensing). Under the Proposed Action, there would be no change in
MMS regulations governing G&G activities.  Existing protective measures specified in permit
requirements are included in this alternative, as are current requirements applicable to G&G operations in
water depths >200 m throughout the GOM and Federal waters <200 m in the Eastern Planning Area (i.e.,
adherence to the requirements of Notice to Lessees and Operators [NTL] No. 2004-G01 - visual
monitoring, ramp-up, shutdown criteria).

The Proposed Action is essentially continuation of the status quo and therefore also serves as a
“no action” alternative. In the context of a PEA, “no action” generally means no change from current
management direction or level of management intensity.

The Proposed Action meets the underlying purpose and need. The current suite of G&G
activities provides the oil and gas industry with sufficiently accurate data on the location, extent, and
properties of hydrocarbon resources, as well as information on shallow geologic hazards and seafloor
geotechnical properties, in order to explore, develop, produce, and transport hydrocarbons safely and
economically. The MMS also needs this information to fulfill its statutory responsibilities to ensure safe
operations, to support environmental impact analyses, to protect benthic resources through avoidance
measures, to ensure fair market value for leases, to make royalty relief determinations, to conserve oil and
gas resources, and to perform other statutory responsibilities.

Alternative 2 — Addition of Vessel-based Passive Acoustic Monitoring as a Requirement

Under this alternative, the existing suite of G&G activities would continue, but with the
implementation of one additional mitigation measure — the required use of passive acoustic monitoring.
This alternative includes the same requirements as Alternative 1. This alternative is designed to meet the
underlying need for G&G data while reducing environmental impacts from seismic surveys. While
protective measures are routinely specified in permit requirements (i.e., part of the Proposed Action) and
NTL No. 2004-GO1 (i.e., ramp-up, visual monitoring, shutdown criteria for seismic operations in water
depths >200 m throughout the GOM and Federal waters <200 m in the Eastern Planning Area), the
required implementation of an additional, feasible mitigation measure is included in this alternative. To
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ensure that cetacean species of concern (i.e., the sperm whale, beaked whales, and Bryde’s whale) are not
present within a predetermined impact zone, this alternative requires the use of vessel-based passive
acoustic monitoring.

The rationale for selection of this mitigation measure is based on 1) improved abilities to detect
whale vocalizations via passive acoustic methods, and 2) vocalization characteristics of many cetacean
species, particularly the deep-diving toothed whale species of concern (the sperm whale and beaked
whales) in the northern Gulf of Mexico, and their current status (i.e., Federally listed as an endangered
species and strategic stocks, respectively). Based on available sightings data (e.g., from shipboard and
aerial surveys, historical records, opportunistic sightings), sperm whales appear to prefer deeper waters
over the GOM continental slope. Available sightings data also suggest that Bryde’s whales appear to
prefer waters of the continental shelf, with regular sightings in the northeastern Gulf near the 100-m
isobath.

This mitigation measure is intended to determine presence and location of vocalizing marine
mammals; its efficacy is based on whale vocalization and the ability, in real-time, to determine whether a
shutdown of the seismic system is warranted. The addition of this possible mitigation to seismic
operations would involve additional costs and potential delays to operators in obtaining seismic data.
This alternative could slow OCS exploration and development.

Alternative 3 — Addition of Both Passive and Active Acoustic Monitoring as Requirements

Under Alternative 3, existing G&G activities would continue, but with the required
implementation of two additional mitigation measures - passive and active acoustic monitoring. This
alternative includes the same requirements as Alternative 1 (i.e., application of NTL No. 2004-GO1 in
water depths >200 m throughout the GOM and Federal waters <200 m in the Eastern Planning Area). All
seismic surveys in water depths >200 m will include ramp-up, visual monitoring, and reporting
procedures; however, under this alternative, G&G operators would be required to use passive and active
acoustic monitoring.

Both passive and active acoustic monitoring have their advantages and disadvantages, which may
influence mitigation effectiveness. Additional restrictions on seismic operations would involve additional
costs and delays to operators in obtaining seismic data. This alternative could slow OCS exploration and
development in similar fashion to those noted under Alternative 2.

Alternative 4 — Restrict G&G Seismic Survey Activities

Under this alternative, existing G&G activities could continue, but with the implementation of
additional restrictions on G&G operations. Three restrictions were initially evaluated: 1) a prohibition of
simultaneous surveys by more than one G&G seismic survey vessel in areas frequented by sperm whales
and Bryde’s whales — designated Alternative 4A; 2) cessation of permitting of all types of seismic surveys
in the area(s) most frequented by sperm whales — designated Alternative 4B; and 3) seasonal restrictions
on G&G activities in the area(s) most frequented by sperm whales — designated Alternative 4C. Each of
these alternatives is intended to meet the underlying need for G&G data while reducing potential
environmental impacts from seismic surveys. However, on the basis of the initial evaluation, two of the
alternatives relating to operational restrictions were eliminated. Alternative 4B does not meet the
underlying purpose and need. Alternative 4C was not considered viable due the absence of seasonality
trends for species of concern. Alternative 4A (now termed Alternative 4) was considered fully in the
focused impact analysis.
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Alternative 4 is designed to meet the underlying need for G&G data while reducing
environmental impacts from seismic surveys. Under this alternative, G&G surveying operations would
be subject to an operational restriction. Specifically, G&G operators would be precluded from conducting
simultaneous seismic operations in those portions of the GOM most frequented by sperm whales and
Bryde’s whales. The purpose of this measure is to remove the potential for simultaneous exposure to
seismic noise from concurrent surveys in the same general area (i.e., within approximately a lease block
from one another).

While simultaneous seismic survey restrictions (in areas most frequented by sperm and Bryde’s
whales) may impose limited hardship on the G&G industry, the underlying need will be met. In practice,
industry may already limit simultaneous surveys in close proximity to one another, as seismic data
collection is adversely affected by extraneous noise sources.

Environmental Impacts

The objectives of the impact analysis are 1) to determine whether G&G activities have significant
impacts on the marine, coastal, or human environments of the GOM; and 2) to identify significant impacts
for further NEPA analysis. Following development of a comprehensive summary of G&G activities
(e.g., vessels, equipment used, survey or sampling protocols, etc.), the impact agents that have the
potential to affect each resource were determined, as outlined in Table S-1.

Table S-1
Resources of the Affected Environment or Activities and Impact Agents Associated
with G&G Operations

Resource of the Affected Environment Impact Agent(s)
Marine Mammals

Sperm whales Seismic survey noise

Bryde’s whales Seismic survey noise

Beaked whales Seismic survey noise

Other cetaceans Seismic survey noise

Manatees Coastal vessel traffic
Sea Turtles Seismic survey noise
Fishes Seismic survey noise
Commercial and Recreational Fisheries Seismic survey noise; space-use conflicts with

seismic arrays

Coastal and Marine Birds Coastal vessel and aircraft traffic
Benthic Communities Seafloor disturbance

A preliminary screening was conducted prior to initiation of the formal impact analysis to focus
on those G&G activities and resources with potential for non-negligible impacts. The preliminary
screening indicates that most G&G activities have negligible impact or no impact on numerous resources
of the GOM, including air quality, marine water quality, recreational and commercial diving, marine
transportation, cultural resources, military uses, and geology and sediments. The preliminary screening
indicates that seismic surveys have potentially adverse impacts on marine mammals, sea turtles, fishes,
and commercial and recreational fisheries. Two other resources with negligible impacts (coastal and
marine birds, and benthic communities) are also discussed briefly.

The PEA's environmental analysis evaluated the impacts on each of these six resources expected
under each alternative separately, including
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Alternative 1 — Proposed Action;
Alternative 2 — Addition of Vessel-based Passive Acoustic Monitoring as a Requirement
(mitigation);

e Alternative 3 — Addition of Both Passive and Active Acoustic Monitoring as Requirements
(mitigation); and

e Alternative 4 — Restrict G&G Seismic Survey Activities (operational restriction).

Impacts from potential accidents and cumulative impacts also were determined for each resource.

To complete the impact analysis, resource-specific significance criteria were developed for each
resource of the affected environment noted above. The criteria reflect consideration of both the context
and intensity of impact (40 CFR 1508.27). Criteria for marine mammals and sea turtles reflect the
Federal protected status of all species occurring in the GOM, with significance tailored after a recent EIS
prepared for MMS in the GOM. Adverse impacts are classified into one of three levels:

e significant adverse impact (including those that could be mitigated to a non-significant level);
e adverse but not significant; or
e negligible impact.

Impacts also are categorized as direct or indirect. No beneficial impacts (either significant or
insignificant) were considered in developing significance criteria because they are not germane in
deciding if an EIS is warranted. Cumulative impacts are discussed in a separate section under each
resource.

Additional clarification of the significance criteria is warranted. How MMS defines “negligible
impact” in this PEA for NEPA purposes is different from “negligible impact,” which National Marine
Fisheries Service (NMFS) has defined in 50 CFR 216.103 for MMPA. The NMFS definition is “an
impact resulting from the specified activity that cannot be reasonably expected to, and is not reasonably
likely to, adversely affect the species or stock through effects on annual rates of recruitment or survival.”
The NMFS definition of negligible impact under MMPA overlaps the adverse but not significant and
negligible impacts as defined in this PEA.

The results of the focused impact analysis are summarized in Table S-2. This table identifies, on
a resource by resource basis, the potential for impacts under each alternative. According to established
significance criteria, no significant adverse impacts to any of the Gulf resources are expected. The
potential for adverse but not significant impacts was identified for marine mammals (except the manatee)
and commercial and recreational fisheries. The potential for impacts ranges from negligible to potentially
adverse but not significant for manatees, benthic communities, coastal and marine birds, sea turtles, and
fishes.

Reduced potential impacts are noted for each of the alternatives (Alternatives 2, 3, and 4). The
use of passive acoustic monitoring (Alternative 2) offers to reduce further the potential exposure to
seismic survey noise for those whales that vocalize. The combined use of passive and active acoustic
monitoring (Alternative 3) also provides potential impact reductions for whales; however, there are
notable limitations for employing active acoustic monitoring systems. Under Alternatives 2 and 3,
potential impacts to fishes, commercial and recreational fisheries, sea turtles, coastal and marine birds,
and benthic resources remain unchanged relative to Alternative 1. Restricting concurrent seismic
operations (Alternative 4) is intended to preclude the potential for simultaneous exposure. Industry
practice may already effectively implement this restriction. Limitations identified for alternatives,
including potential cost ramifications, are also noted.
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Summary and Comparison of Environmental Impacts from Each Alternative on a Resource by Resource Basis

8-S

Resource

Alternative 1 —
Proposed Action'

Alternative 2 — Addition of Vessel-based
Passive Acoustic Monitoring as a Requirement

Alternative 3 — Addition of Both Passive and
Active Acoustic Monitoring as Requirements

Alternative 4 — Restrict G&G Seismic Survey
Operations

Marine Mammals
Sperm whales

Potentially adverse but not significant impact
from potential exposure to elevated, repetitive,
intermittent, and localized noise levels, resulting
in possible hearing impairment. No mortality or
serious injury (i.e., no exceedance of the
Potential Biological Removal [PBR] level); no
displacement from key habitat; no long-term or
permanent displacement from preferred feeding,
breeding, or nursery habitats; no substantial or
chronic disruption of behavioral patterns that
may adversely affect sperm whales through
effects on annual rates of recruitment or
survival. In water depths >200 m throughout
the GOM and Federal waters <200 m in the
Eastern Planning Area, under requirements of
Notice to Lessees (NTL) No. 2004-GO01, visual
monitoring of the 500-m exclusion zone reduces
the likelihood that whales will be present in
close proximity to an array. When coupled with
ramp-up, these measures may reduce the
potential for hearing impairment or other injury
to sperm whales from instantaneous start-up of
an airgun array. Potential for acoustic impact to
sperm whales remains, as undetected individuals
may enter the zone of maximum ensonification
below an array during a dive.

Limitations: 1) visual monitoring effective
during daylight, good visibility/sightability
conditions; 2) ramp-up remains unproven as a
mitigation measure, although recognized as a
common sense measure; 3) species/group
specific limitations (detectability); and 4) minor
cost ramifications.

Potentially adverse but not significant. Passive
acoustic monitoring relies on passive sensing
and location of whale vocalizations. Potential
for impact may be reduced if whales vocalize
and are detected. Assumed to be effective for
sperm whales, as they frequently vocalize.
Potential for impact to sperm whales is not
completely eliminated, impact level remains
potentially adverse but not significant.
Limitations: Passive acoustic monitoring
1) only works for vocalizing whales; many
animals are quiet much of the time, especially
when disturbed; 2) difficult to determine the
range to the vocalizing animals when using a
towed array; 3) cannot readily determine depth
to vocalizing animals; 4) for fixed hydrophones
(ship or bottom mounted recorders, sonobuoys,
ocean bottom cables), area of
coverage/detection range may be limited by
noise, requiring more sensors to cover a seismic
survey area; 5) requires hydrophone arrays be
towed behind the survey vessel (or from an
additional chase boat); 6) hydrophone
performance may be affected by tow speed and
the ship’s acoustic characteristics, limiting
detection range; and 7) cost ramifications.

Potentially adverse but not significant. Passive
acoustic monitoring relies on passive sensing
and location of whale vocalizations. Active
acoustic monitoring relies on an active (e.g.,
sonar) search for whales. Potential for impact
may be reduced. Passive acoustic monitoring
may be effective for sperm whales, as they
frequently vocalize. Potential for impact to
sperm whales may be reduced if whales
vocalize and are detected.

Advantages of passive acoustic monitoring
relative to active acoustic monitoring include:
1) longer ranges can be achieved;
2) omnidirectional; 3) species can be potentially
identified by their vocalization signature; 4) no
acoustic footprint that could affect the target
animals; and 5) more mature and affordable
technology.  Advantages of active acoustic
monitoring compared with passive acoustic are
as follows: 1) works with non-vocalizing or
cryptic whales and those species that exhibit
only limited vocalization; 2) can in some cases
determine 3D range and bearing, including
depth of vocalizing animals; 3) avoids having to
stream behind survey vessel if sound source and
hydrophone/receiver are hull-mounted; and
4)may involve less bulky equipment,
minimizing personnel required for handling and
operation.

Limitations: Active acoustic monitoring has the
following disadvantages: 1) active source may
be more harmful than the sound source it is
being used to mitigate; 2) limited detection
ranges depending on power and frequency;
3) inability to identify species based purely on
size; 4) limited beam width and associated
problems seeing deep-diving whales at close
range; 5) active systems could potentially affect
the behavior of the animals themselves;
6) towfish would be required, possibly larger
than passive acoustic monitoring array; and
7) current  costs for  development and
deployment are higher.

Potentially adverse but not significant.
Restrictions on concurrent seismic operations
will prevent the potential for simultaneous
exposure. Acoustic impacts to sperm whales
would be slightly reduced; however, the
potential for acoustic impacts to sperm whales
remains. Industry practice may already
effectively ~ implement  this  restriction.
Limitations: None.

Aaouiung
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Summary and Comparison of Environmental Impacts from Each Alternative on a Resource by Resource Basis

(Continued)

Alternative 1 —

Alternative 2 — Addition of Vessel-based

Alternative 3 — Addition of Both Passive and

Alternative 4 — Restrict G&G Seismic Survey

AIDUUNG

Resource Proposed Action' Passive Acoustic Monitoring as a Requirement Active Acoustic Monitoring as Requirements Operations
Bryde’s Potentially adverse but not significant impact  Potentially adverse but not significant. Same Potentially adverse but not significant. Potentially adverse but not significant. Same
whales from potential exposure to injurious noise levels  as sperm whales above — potential for impact Bryde’s whales are known to vocalize; as sperm whales above — potential for impact
(repetitive, intermittent, and localized); same remains. frequency of vocalization may be problematic; remains the same. Limitations: Same as above.
effects as sperm whales, above (e.g., no PBR  Bryde's whales are known to vocalize, but the  passive acoustic effective only when whales
exceedances, etc.). Effective visual monitoring  frequency of their vocalizations may be vocalize; geographic and depth limits of this
when coupled with ramp-up may reduce the problematic; passive acoustic effective only species may  further limit  mitigation
potential for hearing impairment or other injury ~ when whales vocalize; geographic and depth  effectiveness. Active acoustic may be
to Bryde’s whales from instantaneous start-up of ~ limits of this species may further limit problematic. Potential for impact remains.
an airgun array. Visual monitoring of a pre- mitigation effectiveness. Limitations: Same as  Limitations: Same as above.
determined impact zone reduces the potential — above.
for hearing impairment. The potential for
acoustic impact is reduced.  Potential for
acoustic impacts to Bryde’s whales remains.
Limitations: Ramp-up unproven as a mitigation
measure.  Visual monitoring effective only
during daylight, during periods of good
visibility; cost ramifications.
Beaked Potentially adverse but not significant impact  Potentially adverse but not significant. Beaked Potentially adverse but not significant. Beaked  Potentially adverse but not significant. Same
whales from potential exposure to injurious noise levels ~ whales same as Bryde's whales above — whales same as Bryde's whales above — as sperm whales above — potential for impact
(repetitive, intermittent, and localized); same potential for impact remains. Limitations: Same  potential for impact remains. Limitations: remains. Limitations: Same as above.
effects as sperm whales, above (e.g., no PBR  as above. Same as above.
exceedances, etc.).
Other Potentially adverse but not significant impact  Potentially adverse but not significant. Same Potentially adverse but not significant. Same Potentially adverse but not significant. Same
cetaceans from potential exposure to injurious noise levels as sperm whales above — potential for impact as sperm whales above — potential for impact as sperm whales above — potential for impact
(repetitive, intermittent, and localized). remains. Limitations: Same as above. remains. Limitations: Same as above. remains. Limitations: Same as above.
Manatees Negligible impact due to unlikely exposure. Negligible. No effect of mitigation; potential  Negligible. No effect of mitigation; potential  Negligible. No effect of mitigation; potential
for impact remains the same. Limitations: for impact remains the same. Limitations: for impact remains the same. Limitations:
Same as above. Same as above. Same as above.
Sea Turtles Impacts primarily negligible, but may elevate to  Negligible to potentially adverse but not  Negligible to potentially adverse but not  Negligible to potentially adverse but not

potentially adverse but not significant from
potential exposure to injurious noise levels
(repetitive, intermittent, and localized) and
vessel traffic; seismic noise may disturb sea
turtles and may produce temporary or
permanent hearing impairment in some
individuals, but is unlikely to cause death or
life-threatening injury. Seismic surveys and
other G&G activities are not expected to cause
long-term or permanent displacement from
critical habitat/preferred habitat, nor result in
destruction or adverse modification of critical
habitat.

significant. No effect of mitigation due to lack
of vocalization; potential for impact remains the
same. Limitations: Same as above. No effect
of mitigation due to lack of vocalization

significant. Potential for impact remains the
same. Limitations: Same as above.

significant. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.
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Table S-2

Summary and Comparison of Environmental Impacts from Each Alternative on a Resource by Resource Basis

01-S

(Continued)
Resource Alternative 1 -, A'ltemative 2 - Add'itio.n of Vessel-bfised Altgrnative 3 - Addit%on pf Both Pas'sive and Alternative 4 — Restrict G&G Seismic Survey
Proposed Action Passive Acoustic Monitoring as a Requirement Active Acoustic Monitoring as Requirements Operations
Fishes Negligible to potentially adverse but not Negligible to potentially adverse but not Negligible to potentially adverse but not Negligible to potentially adverse but not
significant impact from seismic survey noise  significant. No effect of mitigation; potential  significant. No effect of mitigation; potential  significant. No effect of mitigation; potential
(repetitive, intermittent, and localized); noise  for impact remains the same. Limitations: for impact remains the same. Limitations: for impact remains the same. Limitations:
may disturb fish and may produce temporary or ~ Same as above. Same as above. Same as above.
permanent hearing impairment in some
individuals, but is unlikely to cause death or
life-threatening injury. Seismic surveys are not
expected to cause long-term or permanent
displacement of any listed species from critical
habitat/preferred habitat, nor to result in
destruction or adverse modification of critical
habitat or essential fish habitat.
Commercial Potentially adverse but not significant impact Potentially adverse but not significant. No Potentially adverse but not significant. No  Potentially adverse but not significant. No
and from space-use conflicts (between seismic effect of mitigation; potential for impact effect of mitigation; potential for impact effect of mitigation; potential for impact
Recreational surveys and longline fisheries) and seismic  remains the same. Limitations: Same as above. remains the same. Limitations: Same as above. remains the same. Limitations: Same as above.
Fisheries survey noise (short-term and localized decreases

Coastal and
Marine Birds

Benthic
Communities

in catchability, not to an extent that would be
expected to result in economic losses).
Negligible impact from seismic surveys
(repetitive, intermittent, and localized noise) and
aircraft and vessel traffic (noise, disturbance).
Negligible impact from geological and
geochemical sampling, anchors, and bottom
cables (placement, retrieval) on soft bottom
communities, with negligible to potentially
adverse but not significant impacts to sensitive
benthic communities (if unidentified prior to
bottom-related activities). No seismic related
impacts.”

Negligible. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.

Negligible (see footnote 2). No effect of
mitigation; potential for impact remains the
same. Limitations: Same as above.

No effect of mitigation; potential
Limitations:

Negligible.
for impact remains the same.
Same as above.

Negligible (see footnote 2). No effect of
mitigation; potential for impact remains the
same. Limitations: Same as above.

Negligible. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.

Negligible (sece footnote 2). No effect of
mitigation; potential for impact remains the
same. Limitations: Same as above.

visual monitoring or ramp-up required.

known sensitive resources; increased impact levels might be realized if sensitive resources remain unidentified (see PEA Section II1.G - Benthic Communities).

In water depths >200 m throughout the GOM and Federal waters <200 m in the Eastern Planning Area, includes ramp-up and visual monitoring per NTL No. 2004-G01; in water depths <200 m elsewhere, no

Negligible impacts to sensitive benthic resources are expected from bottom-related (i.e., seafloor) activities due to existing protective measures and operational restrictions, coupled with proper identification of

Apuwung
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As evident in Table S-2, Alternatives 2 and 3 do not result in a reduction in impact (due to
operational restrictions) to most of the resources listed. Impacts to those resources remain unchanged
relative to Alternative 1.

Among sea turtles, visual monitoring (under Alternative 1) offers limited mitigation against
vessel strikes under those conditions where individual turtles may be sighted. Alternatives 2, 3, and
4 offer no reduction in impact level relative to Alternative 1.

Among the marine mammals, there are expected decreases in impacts to all vocalizing marine
mammals (with the exception of manatees) under Alternative 2 (passive acoustic monitoring) and
Alternative 3 (passive and active acoustic monitoring), in spite of the limitations noted for each mitigation
measure. Alternative 2 offers the greatest potential for reduced impacts to vocalizing species (e.g., sperm
whales); impacts to non-vocalizing marine mammals remain unchanged. A combination of existing NTL
requirements and passive acoustic monitoring, while not completely eliminating the limitations inherent
in each individual measure, is expected to provide the greatest degree of assurance that no marine
mammals (with the exception of manatees) have ventured into the exclusion zone of an operational
seismic array. Under Alternative 3, some marine mammals (i.e., those that vocalize) may realize benefit
from passive acoustic monitoring, and some species may be detectable using active acoustic monitoring
techniques. However, there are limitations and potential impacts associated with active acoustic
monitoring that may outweigh its potential benefits (e.g., increased anthropogenic noise in the
environment, use of sound sources whose sound pressure levels may exceed acceptable exposure levels,
etc.). Alternative 4 offers an indeterminate reduction in the potential for impact to sperm and Bryde’s
whales; however, current industry practice may already address the need to avoid concurrent seismic
survey activity.

In all cases where impacts are expected to decrease, there has been no reduction in impact
designation level as initially determined under Alternative 1, due in part to the limitations inherent in each
mitigation. Only the potential for impact has been reduced as a result of the mitigation measure.

For accidents, all of the Gulf resources evaluated could be affected by a spill caused by an
accident involving a G&G vessel. Based on the historical occurrence of vessel accidents (e.g., three
incidents reported in the GOM during 1996 and 1997 involving "research vessels," inclusive of G&G
vessels), the probability of such incidents occurring is quite low, with the potential for a pollution incident
even lower. Records of the volumes of released lubricating oil or diesel fuel in documented G&G vessel
accidents has generally been low (i.e., two to five minor releases per year in the GOM). An event
involving a survey vessel could result in release of diesel fuel, but such an event has an extremely remote
probability of occurring. Thus, incidents involving survey vessels are not expected to result in significant
impacts on any of the Gulf resources considered in this analysis. In all cases, impacts are negligible.

A cumulative activity scenario was developed that identified major activities occurring in the
GOM. Similarly, the noise environment of the Gulf also was described. Major impact producing factors
(i.e., coincident with other similar activities) under the cumulative activity scenario include vessel traffic
(i.e., cargo, tanker, military, commercial fishing, recreational boating) and its associated noise and
shipstrike potential. Analysis of the cumulative scenario (exclusive of the Proposed Action) produced
predicted impact levels, by resource, which ranged from negligible to potentially adverse but not
significant (i.e., no significant impacts were evident). The incremental impact of the Proposed Action
was then compared to the cumulative scenario impact determinations to predict incremental impacts. In
terms of vessel activity levels, seismic survey vessel activity represents a very small component of total
vessel activity in Gulf waters. For example, oil and gas support vessels account for approximately one
quarter of a million transits per year in Gulf waters, with commercial vessels >10,000 dead weight tons
(DWT) contributing another 36,000 trips. By comparison, approximately 20 seismic surveys may occur
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annually in the Gulf, or <0.01% of the total activity from these three sources (i.e., oil and gas support
operations, commercial cargo and tanker activity, seismic surveys). Commercial fishing and recreational
boating, military operations, and ocean study activities also contribute to the cumulative vessel activity
level, further reducing the relative contribution from seismic surveys. Therefore, G&G operations
contribute an extremely minor amount of additional vessel activity in the GOM. Using the predictions of
future seismic survey activity levels in the Gulf developed as part of this analysis, seismic vessel activity
is not expected to produce a significant incremental increase in vessel activity levels. The cumulative
incremental impact attributed to G&G vessel traffic is negligible.

Comprehensive measurements of ambient noise levels in the GOM are lacking. On the basis of
analysis of the predominant noise sources identified for the GOM and their relative contributions to total
noise levels, the conclusion is that seismic surveys represent a relatively minor, intermittent, and
non-stationary component of the overall noise environment. Seismic surveys are typically conducted over
multiple blocks. As mobile noise sources, seismic surveys produce repetitive, localized, and short-term
increases in ambient noise levels, with the period between potential exposure ranging from hours to days
(i.e., time between separate passes of a seismic survey vessel). In the near field, within ~300 m or so of
an array, received sound levels may reach or exceed 180 dB re 1 pPa (rms); levels of 160 dB re 1 pPa
(rms) may extend to ~3,000 m from an array. At even greater distances, sound from a seismic survey is
of a similar nature to other commercial vessel activity. Given the current vessel activity and its associated
infrastructure, future seismic survey activity is not expected to produce a significant incremental increase
in ambient noise levels. Analysis of cumulative noise impacts on marine mammals, sea turtles, fishes,
commercial and recreational fisheries, coastal and marine birds, and benthic communities in the Gulf of
Mexico suggests that impacts are either negligible or potentially adverse but not significant. The
cumulative incremental impact attributed to G&G vessel noise to these resources is negligible.

This impact analysis represents the final determination of potential impact (or range of potential
impacts) associated with G&G operations to various sensitive resources present in OCS waters of the
GOM. Summary information has been compiled from the best available data sources, with appropriate
qualification of recognized data gaps, limitations, or assumptions applied in the impact analysis. Detailed
technical information that supports these impact determinations has been placed in a series of appendices,
as appropriate. Limitations or recognized data gaps that have been identified in the analysis include
adequacy of life history and ecological data for GOM species, adequacy of survey data, assumptions and
interpolations applied to the available data, mitigation effectiveness, and significant data gaps
(e.g., recognition and avoidance of seismic noise, seismic pulse frequency characteristics, and the range
of marine mammal hearing sensitivities, etc.). Where identified limitations or data deficiencies have been
noted, a realistic approach or interpretation of available data was employed in the impact analysis.
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I. INTRODUCTION

The Outer Continental Shelf Lands Act, as amended, mandates the Secretary of the Interior
through the Minerals Management Service (MMS), to manage the development of outer continental shelf
(OCS) oil, gas, and mineral resources, while protecting the human, marine, and coastal environments. To
meet these objectives, the MMS will use this document, prepared pursuant to the National Environmental
Policy Act (NEPA), as a planning and management tool. This programmatic Environmental Assessment
(PEA) evaluates environmental impacts of geological and geophysical (G&G) activities in OCS waters of
the Gulf of Mexico (GOM). These activities were the subject of a previous Environmental Impact
Statement (EIS) by the U.S. Department of the Interior, Geological Survey (1976) and a PEA by the
MMS (Johnson et al., 1984). A new PEA is needed in light of advances in G&G technology, expansion
of activities into deep offshore waters, and improved knowledge of acoustic impacts on marine life. This
PEA revisits and re-evaluates those G&G activities currently being conducted in the GOM and
determines whether significant impacts to Gulf resources are occurring.

A. BACKGROUND

The oil and gas industry conducts several types of G&G surveys in the GOM to obtain data on
hydrocarbon resources and geologic hazards (see PEA Section I1.B.1. - Types of G&G Activities for
descriptions of survey types). Most of the data come from seismic surveys, in which one or more airguns
are towed behind a ship and acoustic energy pulses are directed into the seafloor. The acoustic signals
reflect off subsurface sedimentary layers and are recorded by hydrophones, which are towed on streamers
behind the ship or spaced along bottom cables or vertical cables. The data gathered by seismic surveys
enable industry to assess more accurately potential hydrocarbon reservoirs and help to optimally locate
exploration and development wells, maximizing extraction and production from a reservoir.
High-resolution seismic site surveys, along with side-scan sonar surveys, are used to detect geohazards,
archaeological resources, and certain types of benthic communities. Other types of G&G activities that
provide data on hydrocarbon resources and/or geohazards include electromagnetic surveys, bottom
sampling, and several remote sensing methods (e.g., radar imaging, aeromagnetic surveys, gravity
surveys, and gravity gradiometry).

The most common G&G activities in the Gulf are seismic surveys using either streamers or
bottom cables. State-of-the-art computer mapping systems represent the subsurface in three dimensions
(3D) and can enhance various aspects of the data set. These 3D seismic data have enabled industry to
identify, with greater precision, where the most economical deep-water prospects are located. The 3D
technology also is being used in developed areas on the shallower shelf to identify previously overlooked
hydrocarbon-bearing zones in currently producing formations and new productive horizons near or below
the currently producing formations. However, because 3D modeling requires much denser data coverage
(i.e., closer line spacing) than the older 2D seismic surveys, areas already covered using 2D techniques
must be resurveyed. Further, 3D surveys may be repeated over producing fields to characterize
production reservoirs; these 4D or time-lapse surveys are becoming more frequent as the technology for
analyzing the data is developed.

The number of prelease geophysical permits in the GOM has been consistently high over the last
several years (see PEA Section II.B.2 - Level of Activity and PEA Table II-4). As many as five
regional surveys may be conducted at any one time in the Gulf, with more than 20 surveys annually.
With the implementation of deep-water royalty relief and the record-breaking number of bids in recent
lease sales, geophysical surveying companies have committed to large speculative 2D and 3D geophysical
surveys in larger areas, and are moving out into progressively deeper water. At present, less than a
thousand lease blocks in the Western and Central Planning Areas have not been covered by 3D seismic
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surveys. These remaining blocks are likely to be surveyed over the next several years. In addition,
bottom cable and vertical cable surveys will be done over older 3D surveys in order to collect additional
or new information. Time-lapse (4D) surveys also will be done over existing fields. New technologies,
increased levels of activity, denser and repeated coverage, and expansion into new areas (e.g., the Gulf’s
deep-water environment), coupled with increased environmental concerns, are factors that warrant a
reassessment of environmental impacts from G&G activities.

B. PURPOSE AND NEED

Action

The action addressed in this PEA is continuance of the MMS permitting process for those G&G
operations in the GOM subject to MMS regulatory authority, as described in 30 CFR 251.4 and 280.3,
and continuance of G&G activities conducted under a lease described in 30 CFR Part 250 Subpart B. In
other words, the “action” being evaluated is a continuation of G&G activities in the GOM under current
MMS permit and lease requirements (i.e., continuation of the status quo). Since initiation of this PEA in
2000, the status quo for G&G activities in the GOM has realized a significant evolution concurrent with
increased awareness of government, industry, academia, and special interest groups regarding the effects
of noise in the marine environment (e.g., see reviews in National Research Council, 2003). Details of the
evolution of the status quo for G&G activities are provided in Appendix A; given that this assessment has
been based on the development of reasonable alternatives, including analysis of the status quo, it is
important to recognize that the alternatives considered also have changed over the course of the past
several years. For the purpose of this analysis, G&G activities include seismic surveys (including
high-resolution site surveys and various types of seismic exploration and development surveys), deep-tow
side-scan sonar surveys, electromagnetic surveys, geological and geochemical sampling, and remote
sensing. Drilling of deep stratigraphic test holes and use of explosives are excluded from consideration
because these activities already require preparation of an Environmental Assessment (EA). G&G
activities aimed at OCS mineral exploration are considered a Federal action under the NEPA.

Need

G&G surveys provide information used by industry and government to evaluate the potential for
offshore oil, gas, and methane hydrate resources and geologic hazards. The oil and gas industry needs
accurate data on the location, extent, and properties of hydrocarbon resources, as well as information on
shallow geologic hazards and seafloor geotechnical properties, in order to explore, develop, produce, and
transport hydrocarbons safely and economically. The MMS also needs this information to fulfill its
statutory responsibilities to ensure safe operations, support environmental impact analyses, protect
benthic resources through avoidance measures, ensure fair market value for leases, make royalty relief
determinations, conserve oil and gas resources, and perform other statutory responsibilities. For example,
the MMS must comply with various environmental laws such as the Endangered Species Act (ESA), the
Marine Mammal Protection Act (MMPA), and the Magnuson-Stevens Fishery Conservation and
Management Act. Therefore, this information also will be used by the MMS to support future ESA
Section 7 consultations and incidental take authorizations issued under the MMPA.

Agency Purpose

The MMS is mandated to manage the development of OCS oil, gas, and mineral resources, while
also ensuring safe operations and protection of the human, marine, and coastal environments. The
purpose of the MMS regulatory program is to ensure that the G&G data needed by industry and
government are obtained in a technically safe and environmentally sound manner. MMS regulations at
30 CFR 251 mandate that G&G activities may not interfere with or endanger operations under any lease
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or right-of-way, or permit issued, nor may they cause harm or damage to aquatic life, property, or to the
marine, coastal, or human environments.

C. REGULATORY FRAMEWORK

The MMS is responsible for overseeing all activities associated with mineral resource
development on the Federal OCS, including assessment, leasing, exploration, development, production,
and royalty management. G&G activities aimed at mineral exploration are subject to a complex series of
permits and notices. The MMS Resource Evaluation Program oversees G&G data acquisition and
permitting activities, pursuant to regulations in 30 CFR (Dellagiarino et al., 1997, 1998, 2000).
Specifically, these include 1) Part 251 regulating prelease G&G exploratory operations for oil, gas, and
sulfur resources; and 2) Part 280 regulating prelease prospecting activities (Fulton, 1998). Postlease
G&G activities are governed by 30 CFR 250 regulations and by applicable Notices to Lessees and
Operators (NTLs). Other regulations also pertain to one or more of the issues considered in this analysis
(e.g., the President’s Council on Environmental Quality [CEQ] guidelines for implementation of NEPA;
pertinent regulations administered by the National Marine Fisheries Service' [NMFS]). Applicable
NMES regulations for protection of marine mammals have been evaluated and are presented in
Appendix B (Section I - Review of Pertinent Regulations). MMS formally consulted with NOAA-F on
G&G activities in 2002 as part of the consultations for Lease Sale 184 and for Lease Sales 185, 187, 190,
192, 194, 196, 198, 200, and 201 (i.e., the Multi-Sale EIS consultation). NOAA-F incorporated G&G
issues into the Biological Opinions for both of these consultations, and MMS has implemented required
and recommended mitigation and conservation measures through lease stipulations and NTLs.
Subsequent consultations may be required if any of the four reinitiation “triggers” at 50 CFR 402.16
occur. MMS also has petitioned NOAA-F for rulemaking under the MMPA to authorize “small takes”
incidental to seismic surveys conducted in the GOM.

D. ENVIRONMENTAL ANALYSES

On the basis of the 1976 U.S. Geological Survey EIS and the 1984 EA prepared by the MMS, it
was determined that the vast majority of G&G activities were categorical exclusions (CATEXs)
(exceptions noted below). A CATEX is “a category of actions which do not individually or cumulatively
have a significant effect on the environment... and for which, therefore, neither an environmental
assessment or environmental impact statement is required” (40 CFR 1508.4). The only exceptions were
drilling of deep stratigraphic test holes and use of explosives (Appendix 10 of 516 Department Manual 6),
both of which require an EA. Explosives were used prior to 1989 but have since been replaced by airgun
sources, which generate superior acoustic signals and do not cause the damaging environmental impacts
of explosivesz. It is assumed that no explosives would be used in future seismic surveys permitted by
MMS on the OCS. Following the environmental reviews in 1976 and 1984, G&G-related CATEXs were
formally adopted as department policy by the U.S. Department of the Interior (USDOI). Concurrence on
this determination also was provided by the CEQ. The MMS has conducted an internal environmental
review of current G&G technology and evolving environmental concerns, such as underwater acoustic
effects on marine organisms. Given the new technology and emerging research, the MMS concluded that
G&G activities now listed as CATEXs should be re-evaluated under a PEA to determine whether new
technology or environmental information has altered the 1984 determinations.

' The NMFS was formally renamed National Oceanic and Atmospheric Administration Fisheries (NOAA-F) in
2002, although the NMFS moniker continues to be used by the agency; NMFS and NOAA-F are used
interchangeably in the PEA.

2 Although explosives have been replaced by airguns as a sound source for OCS seismic surveys, they still may be
used for seismic surveys in State waters.
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The following environmental impact analysis represents a final determination of potential impact
(or range of potential impacts) associated with G&G operations to various sensitive resources present in
OCS waters of the GOM. Summary information has been compiled from the best available data sources,
with appropriate qualification of recognized data gaps, limitations, or assumptions applied in the impact
analysis. Detailed technical information that supports these impact determinations has been placed in a
series of appendices, as appropriate, and cross-referenced. While this allows the reader to concentrate on
the immediate issue of impact assessment without inclusion of an extensive technical discussion, it also
allows for a more detailed, in-depth presentation of pertinent technical issues that support the impact
determination.

This PEA of G&G operations in the GOM has been prepared pursuant to NEPA to ensure that
environmental information is available to decision-makers and the public, and that decisions are based on
an understanding of the environmental consequences of the decision at hand. On the basis of this PEA, it
has been concluded that G&G activities and the sounds they produce (detailed in Appendices C and D)
do not cause significant environmental impacts. Therefore, G&G operations will be listed by MMS as a
category of activities that are generally excluded from the NEPA requirements to prepare an EA or EIS.
However, there may be specific G&G proposals that are exceptions to this CATEX. Therefore, MMS
will review each subsequent G&G permit request to determine if the proposed activity is categorically
excluded or is an exception that requires preparation of an EA. This categorical exclusion review (CER)
will apply criteria specified in the Departmental Manual [516 DM 2.3.A(3)] to determine whether or not
an EA is required. Permit-specific EAs will summarize, reference, and tier to this PEA, as appropriate. If
an EA concludes that significant impacts will occur, then an EIS will be prepared, unless the permit
applicant withdraws the application or modifies the application so that significant impacts will not occur.
MMS routinely imposes certain environmental mitigation measures on G&G permit approvals to avoid or
reduce environmental impacts, including permits for actions that are categorically excluded and do not
require preparation of an EA. On a case-by-case basis, MMS may impose additional environmental
mitigation measures on future permit applications to further avoid or reduce environmental impacts.
Many of these mitigation measures are described in this PEA (see Appendix E, Section II - Mitigation
Measures and Operational Restrictions). In the future, these mitigation measures may be revised, and
others developed, and can be imposed by the MMS without a need for a new PEA.

E. OBJECTIVES AND SCOPE
The objectives of this PEA are

to characterize G&G activities being conducted on the GOM OCS;
to identify any significant impacts from such activities that would require further NEPA
analysis; and

e to evaluate feasible mitigation measures, including the identification of any protective
measures currently found within existing regulations and lease stipulations.

The PEA encompasses existing and near-future G&G operations in Federal waters of the GOM
(Figure I-1). Data from 1988 to present (or most recent available) were used to estimate annual levels of
activity. Economic, geographic, and technological factors were considered in estimating future activity
levels (see PEA Section I1.B.2 - Level of Activity).

In accordance with CEQ guidance, the PEA focuses on those activities and resources for which
the potential for significant impacts exists. The main environmental issue is the impact of noise from
seismic operations on marine organisms (especially marine mammals, turtles, and fishes). Other issues
were identified by systematically considering the impact agents and potentially affected resources for
each type of G&G activity. A preliminary screening is conducted to identify activities having little or no
environmental impact, which are not analyzed further (see PEA Section III.A.2 - Preliminary
Screenings). The balance of PEA Sections I11.B through III.H discuss resource - and activity-specific
impacts that remained following preliminary screening.
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II. ALTERNATIVES INCLUDING THE PROPOSED ACTION
A. RANGE OF ALTERNATIVES

The alternatives must support the purpose and need as outlined previously in PEA Section 1.
Selecting any one alternative over another does not preclude the MMS from complying with any existing
environmental laws. The following alternatives are evaluated in this PEA:

1 — Continuation of the Status Quo (Proposed Action; equivalent to no action);

2 — Addition of Vessel-based Passive Acoustic Monitoring as a Requirement;

3 — Addition of Both Passive and Active Acoustic Monitoring as Requirements; and
4 — Restrict G&G Seismic Survey Activities.

The alternatives represent different ways of addressing the purpose and need as described
previously in PEA Section I. Other alternatives (i.e., slim-hole drilling, passive seismic) were evaluated
and rejected because they failed to address purpose and need adequately, as detailed in Appendix E
(Section I - Alternatives Considered but not Analyzed). A brief overview of the alternatives is given
below, followed by detailed individual descriptions.

1. Continuation of the Status Quo (Proposed Action, Alternative 1)

The Proposed Action addressed in this PEA is continuance of the MMS permitting process for
those G&G operations in the GOM under MMS regulatory authority, as described in 30 CFR 250.201,
30 CFR 251.4, and 30 CFR 280.3. For the purpose of this analysis, G&G activities include seismic
surveys (including high-resolution site surveys and various types of seismic exploration and development
surveys), deep-tow side-scan sonar surveys, electromagnetic surveys, geological and geochemical
sampling, and remote sensing, as detailed in Appendix D. (Note: Drilling of deep stratigraphic test holes
and use of explosives are excluded from consideration because these activities already require
preparation of an EA.) Under the Proposed Action, there would be no change in MMS regulations
governing G&G activities. Existing protective measures specified in permit requirements are included in
this alternative, as are current requirements applicable to G&G operations in water depths >200 m in the
GOM and all OCS waters of the Eastern Planning Area (i.e., adherence to the requirements of NTL No.
2004-GO1; see Table II-1). Mitigation measures commonly applied to G&G permits are described in
Appendix E (Section II - Mitigation Measures and Operational Restrictions).

The Proposed Action is essentially continuation of the status quo and therefore also serves as a
“no action” alternative. In the context of a PEA, “no action” generally means no change from current
management direction or level of management intensity (CEQ, “Forty Most Asked Questions Concerning
CEQ’s NEPA Regulations” [46 FR 18026, March 23, 1981]).

2. Addition of Vessel-based Passive Acoustic Monitoring as a Requirement (Alternative 2)

Under this alternative, the existing suite of G&G activities would continue, but with the
implementation of one additional mitigation measure — the required use of passive acoustic monitoring.
This alternative includes the same requirements as Alternative 1. This alternative is designed to meet the
underlying need for G&G data while reducing environmental impacts from seismic surveys. While
protective measures are routinely specified in permit requirements (i.e., part of the Proposed Action) and
NTL No. 2004-GO1 (i.e., ramp-up, visual monitoring, shut-down criteria for seismic operations in water
depths >200 m and all OCS waters of the Eastern Planning Area), the required implementation of an
additional, feasible mitigation measure is included in this alternative. To ensure that cetacean species of
concern (i.e., the sperm whale, beaked whales, and Bryde’s whale) are not present within a predetermined
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Table II-1
Summary of Current Requirements for Seismic Activities Conducted Under Notice to Lessees
and Operators (NTL) No. 2004-GO1 in the U.S. Gulf of Mexico'

NTL No. 2004-G01 requires geophysical and geological operators conducting seismic operations in all
Federal outer continental shelf (OCS) waters >200 m deep in the Gulf of Mexico, and all Federal waters
<200 m deep in the Eastern Planning Area of the Gulf of Mexico, to:

e cemploy ramp-up;
e utilize trained protected species observers; and
e complete Minerals Management Service reporting requirements.

Ramp-up can be initiated:

e only during periods of sufficient visibility when visual observers are able to scan and clear an
area (i.e., exclusion zone) 500 m around the seismic array.

Trained protected species observers (visual observers) must:

e clear the exclusion zone at and below the sea surface within a radius of 500 m surrounding
the center of an airgun array and the area within the immediate vicinity of the survey vessel;

e fail to observe marine mammals or sea turtles within (or approaching) the exclusion zone for
a period of 30 minutes, after which ramp-up operations may begin; and

e continue to monitor the exclusion zone visually (once ramp-up has been completed and the
seismic array is operating at full power) until seismic operations cease or sighting conditions
do not allow observation of the sea surface (e.g., fog, rain, darkness).

If a whale is sighted either within the exclusion zone or moving towards the exclusion zone, the array
must be shut down until the area can be cleared. The seismic array may be powered down to a minimum
level of 160 dB re 1 pPa (rms) without reinitiating ramp-up.

This NTL also details the optional use of passive acoustic monitoring (for vocalizing marine mammals)
during periods of poor visibility (e.g., at night, during periods of fog or limited visibility).

These NTL requirements are applicable to all surface seismic operations; requirements are slightly
different for shorter term, site-specific bore hole seismic surveys.

Performance of these mitigation measures will be a condition of approval of applications for geophysical
permits, and will be applicable to geophysical activities conducted under lease terms for all seismic
survey operations proposed within all Gulf of Mexico OCS waters >200 m deep and all OCS waters
<200 m deep in the Eastern Planning Area.

"See Appendix A, pp. A-10 through A-18, for the NTL text in its entirety.
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impact zone, this alternative requires the use of vessel-based passive acoustic monitoring. This mitigation
measure has been evaluated in PEA Section III (Environmental Impacts).

The rationale for selection of this mitigation measure is based on the 1) improved abilities to
detect whale vocalizations via passive acoustic methods, and 2) vocalization characteristics of many
cetacean species, particularly the deep-diving toothed whale species of concern (the sperm whale and
beaked whales) in the northern GOM, and their current status (i.e., Federally listed as an endangered
species and strategic stocks, respectively). According to available sightings data (e.g., from shipboard
and aerial surveys, historical records, opportunistic sightings), sperm whales appear to prefer deeper
waters over the GOM continental slope. Available sightings data (e.g., from shipboard and aerial surveys,
historical records, opportunistic sightings) suggest that Bryde’s whales appear to prefer waters of the
continental shelf, with regular sightings in the northeastern Gulf near the 100-m isobath. Species account
information has been provided in Appendix F (Section I.LA - Biological Environment, Marine
Mammals).

3. Addition of Both Passive and Active Acoustic Monitoring as Requirements (Alternative 3)

Under Alternative 3, existing G&G activities would continue, but with the required
implementation of two additional mitigation measures - passive and active acoustic monitoring. This
alternative includes the same requirements as Alternative 1 (i.e., application of NTL No. 2004-GO1 in
water depths >200 m throughout the GOM and all OCS waters of the Eastern Planning Area). All seismic
surveys in these areas will include ramp-up, visual monitoring, and reporting procedures; however, under
this alternative, G&G operators would be required to use passive and active acoustic monitoring.

4. Restrict G&G Seismic Survey Activities (Alternative 4)

Under this alternative, the existing suite of G&G activities would continue but with the
implementation of additional restrictions on G&G seismic operations. This alternative is designed to
meet the underlying need for G&G data while reducing environmental impacts from seismic surveys.
Under this alternative, G&G surveying operations would be subject to an operational restriction.
Specifically, G&G operators would be precluded from conducting simultaneous seismic operations in
those portions of the GOM most frequented by sperm whales and Bryde’s whales. The purpose of this
measure is to remove the potential for simultaneous exposure to seismic noise from concurrent surveys in
the same general area. Consideration also was given to 1) cessation of permitting for all types of seismic
surveys in areas most frequented by sperm whales, and 2) restricting all types of seismic surveys in those
portions of the GOM most frequented by sperm whales on a seasonal basis (i.e., temporal exclusion).
However, these alternatives were removed from further consideration, as detailed in Appendix E
(Section I1.B.1 - Geographic and Seasonal Restrictions).

B. ALTERNATIVE 1: PROPOSED ACTION

The Proposed Action, in this case representing the “no action” alternative and continuation of the
status quo, consists of the various G&G activities currently occurring and estimated to occur in the
foreseeable future (i.e., over the next several decades) in the Western, Central, and Eastern Planning
Areas of the GOM. This includes both prelease and postlease activities. Drilling of deep stratigraphic
test holes and use of explosives for seismic exploration are excluded from consideration because these
activities already require preparation of a PEA.

The following sections briefly describe each type of G&G activity and estimated levels of activity
on an annual basis. Detailed descriptions of operations and equipment are provided in Appendix D.
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1. Types of G&G Activities

Table II-2 summarizes the type of G&G activities occurring in the GOM. These include

e seismic surveys (includes high-resolution site surveys and various types of seismic
exploration and development surveys);

deep-tow side-scan sonar surveys;

electromagnetic surveys;

geological and geochemical sampling; and

remote sensing (including gravity and magnetic surveys).

Seismic surveys are the main focus of this PEA because they historically have covered a large
area of the Gulf each year and have the greatest potential for “significant” impacts on the environment.
Further, there are increasing concerns in the regulatory and scientific communities regarding acoustic
impacts on marine life including marine mammals, turtles, and fishes (see PEA Section III). Therefore,
seismic surveys are described in the most detail. Other techniques are described briefly, with additional
details on all techniques provided in Appendix D.!

a. Seismic Surveys

Table II-3 summarizes seismic survey operations occurring in the GOM?. Two general types of
seismic surveys are conducted. High-resolution site surveys collect data from near the seafloor surface to
several kilometers or more below the seafloor for various reasons — to investigate geohazards and soil
conditions, to identify potential benthic biological communities (or habitats) and archaeological
resources, or for exploration purposes. Such high resolution data may be used for initial site evaluation
for drilling rig emplacement and for platform or pipeline design and emplacement. High-resolution site
survey data obtained at greater depths below the seafloor are used for exploration purposes. Seismic
exploration and development surveys are conducted to obtain data on geological formations from the
sediment near-surface to several thousand meters deep (below the sediment surface). This information
enables industry accurately to assess potential hydrocarbon reservoirs and helps to optimally locate
exploration and development wells, maximizing extraction and production from a reservoir. A survey
vessel tows an array (or dual arrays) of high-pressure “airguns,” which serve as the sound source. In
conventional 2D and 3D seismic surveys, the receivers (hydrophones) are on streamer cables towed
behind the survey vessel at a depth of 5 to 10 m below the surface of the water. Individual streamers can
be up to 12 km in length or, on rare occasions, even longer. Tail buoys with radar reflectors and strobe
lights are used to mark the end of the streamers and make them more visible and/or detectable to other
vessels. Alternatively, receivers may be deployed on the seafloor (bottom cable surveys), on vertical
cables suspended from the sea surface (vertical cable surveys), or on vertical cables suspended within
well bores (vertical seismic profile (VSP) surveys). When conventional 3D ship surveys or bottom cable
surveys are repeated at the same location over time, these are referred to as 4D or time-lapse surveys.

Large vessels in the 60- to 90-m class are typical of those used to conduct 2D and 3D seismic
exploration and development surveys. Smaller vessels (37 to 47 m) are used for high-resolution site

Hydrocarbon “sniffers” have historically been used in the Gulf of Mexico; however, this technique is nearly
obsolete. Further discussion is provided in Appendix D, Section 1.D.3 — Hydrocarbon "Sniffers."

Seismic sources such as sparkers, unibooms, and mini-sleeve exploders are not discussed, as these sources are
either not currently in use or their use in the Gulf of Mexico is extremely limited. Hence, this PEA does not cover
environmental impacts that would occur if these types of sources were employed in the Gulf of Mexico.



B
Table I1-2 Yy
. .. .. . S
Typical Characteristics of G&G Activities in the Gulf of Mexico 8
s
.. Prelease or Survey o Survey High-Energy Seafloor 8
Activity Postlease Scale Purpose Description Platform Sound Sources Activities
Seismic Surveys
e High-resolution site Postlease Lease Locate shallow Airgun(s) and Ship Single or None
surveys block hazards, obtain streamer cable multiple airguns
engineering data towed back and
for placement of  forth across lease
structures; also block
used for
exploration
e Seismic exploration Mainly Multiple Delineate and Airgun array(s) (see below) Multiple airguns (see below)
surveys prelease lease monitor potential ~ towed across survey (single or dual
(speculation)  blocks oil and gas area; location of source array,
reservoirs receivers varies each consisting
(see below): of three,
6-airgun
subarrays)
e Streamer surveys (2D, 3D) Receivers on Ship 2D: single array; None
streamer cables 3D: dual array
e Bottom cable surveys Receivers on Multiple Multiple airguns Cables placed
bottom cables ships (dual array) temporarily on
seafloor’
e Vertical cable surveys Postlease Lease Receivers on Two ships ~ Multiple airguns Vertical cables
block vertical cables (dual array) temporarily
anchored to
seafloor

¢
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Table II-2
Typical Characteristics of G&G Activities in the Gulf of Mexico
(Continued)
.. Prelease or Survey . Survey High-Energy Seafloor
Activity Postlease Scale Purpose Description Platform Sound Sources Activities
e  Vertical seismic profile Postlease Lease Correlate geologic  Receivers on Crane- Single airgun Receivers
surveys block data to seismic vertical cables suspended (crane); four to inserted into
data lowered into a from rig; eight airguns, borehole;
borehole work boat towed array minimal seafloor
(work boat) activity
Deep-Tow Side-Scan Sonar Postlease Lease Locate shallow Side-scan sonar Ship None Chain dragged
Surveys block hazards, cultural “fish” towed about on seafloor
resources, hard 25 to 30 m above (helps maintain
bottom areas bottom “fish” height
above bottom)
Electromagnetic Surveys
e  Magneto-telluric surveys Prelease Multiple Delineate Receivers placed on Ship None Receivers placed
lease potential oil and seafloor to detect temporarily on
blocks gas reservoirs natural electrical seafloor
and magnetic fields
e Bi-pole surveys Prelease Multiple Delineate Receivers detect Ship None Receivers placed
lease potential oil and electrical signals temporarily on
blocks gas reservoirs sent into seafloor seafloor
Geological/Geochemical
Sampling
e Bottom sampling Mainly Lease Obtain physical Sediment samples Ship None Removal of
postlease block and chemical data  collected using a bottom sample
on surface gravity or piston (few centimeters
sediments corer, grab, dredge to several
meters)
e  Shallow coring Mainly Lease Obtain physical Conventional rotary Ship None Removal of
postlease block and chemical data  drilling from a boat bottom sample
on surface or drilling barge (several meters)
sediments
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Table II-2
Typical Characteristics of G&G Activities in the Gulf of Mexico
(Continued)
.. Prelease or Survey . Survey High-Energy Seafloor
Activity Postlease Scale Purpose Description Platform Sound Sources Activities
Remote Sensing
e  Radar imaging Prelease Regional/  Detect oil slicks Radar detects Satellite None None
multiple on sea surface dampening of ocean
lease surface capillary
blocks waves
e  Aeromagnetic surveys Prelease Regional/  Delineate Magnetometer Aircraft None None
multiple potential oil and measures earth’s (fixed wing)
lease gas reservoirs magnetic field
blocks and/or its vertical
gradient
e  Gravity surveys Prelease Multiple Delineate Gravity meter Ship (or None None
lease potential oil and measures earth’s rarely,
blocks gas reservoirs gravitational field helicopter)
e  Gravity gradiometry Prelease Multiple Delineate Instrument Ship None None
lease potential oil and measures earth’s
blocks gas reservoirs gravity gradient
e Marine magnetic surveys Mainly Regional/  Locate buried Magnetometer Ship None None
postlease multiple pipelines and measures the earth’s
lease items of magnetic field
blocks archaeological and/or its vertical

interest; also used
for exploration

gradient

' Ocean bottom cables may remain on the seafloor for several days. In som cases, cables may be left on the seafloor for several weeks as part of time-lapse

(4D) survey efforts.

SAADUAI)] Y
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Table II-3
Typical Characteristics of Seismic Surveys in the Gulf of Mexico
. . . Source Level . 2 Grid/Line Time to
Survey Type Ship(s) Ship Speed Airgun(s) (zero-to-peak)! Firing Rate Streamers Spacing Complete
High-resolution Single 3t03.5kn  Single airgun 229t0233dB  7to8s(12.5m) Single 600-m 300 x 900 m grid 2 days
site surveys ship, 37 m re l pPaat I m streamer towed size; (lease block)
(2D) about 700 m behind 129 linear km
ship per block
High-resolution ~ Single 3t03.5kn  Tri-cluster of 233dBre 7t08s(12.5m)  Up to six streamers, 66 lines per lease 5 days
site surveys ship, 47 m airguns I pPaat1m 100 to 200 m long ~ block® (lease block)
(3D)
Seismic Single 4.5 kn Single source 233t0240dB 165 (37.5m) Single streamer, 8 to Lines Days, weeks,
exploration ship, 60 to array of three re 1l yPaat 1 m 12 km long 100-166 km or months
surveys (2D) 90 m 6-gun subarrays long, about 2 km depending on
apart survey area
Seismic Single 4.5kn Dual source 233t0240dB 165 (37.5 m); 6 to 12 streamers, 3  Grid size Days, weeks,
exploration ship, 80 to arrays, each re l pPaat 1 m two sources, to 8 km long and 24 x 48 m; or months
surveys (3D) 90 m consisting of alternate firings spread out over 600  lines 100-166 km depending on
three 6-gun to 1,500 m long, about 1 km survey area
subarrays apart
Ocean bottom  Several 4.5 kn Same as for 233t0240dB  10s (25 m); N/A Parallel lines of  Days, weeks,
cable surveys smaller (sometimes 3D seismic (dual re 1 pPaat 1 m two sources, cables 50 m apart or months
ships* 6 kn) source) alternate firings depending on

survey area

SAADULI]] Y



Table II-3
Typical Characteristics of Seismic Surveys in the Gulf of Mexico

(Continued)
. . . Source Level . 2 Grid/Line Time to
Survey Type Ship(s) Ship Speed Airgun(s) (zero-to-peak)! Firing Rate Streamers Spacing Complete
Vertical cable ~ Two ships® 4.5 kn Same as for 233t0240dB  10s (25 m); N/A Operational area  Hours or days
surveys 3D seismic (dual re 1 pPaat1 m two sources, 14 x 20 km; grid
source) alternate firings size 50 x 80 m
Vertical seismic Single 3to3.5kn  Tri-cluster of 233 dBre For zero offset N/A Variable Days
profile surveys  ship, 47 m airguns 1 uPaatlm surveys: no boats,

intermitttent firing
rates of 4 to

8 times over 20 s
followed by quiet
times of 10 min,
hours to complete,
180-dB airgun.
For walk-away
surveys: 4 to

8 airguns 180 to
230 dB, repeat
walkway for every
cable repositioning
in borehole, takes
hours, use boats.
For 3D Surveys:
same as 3D
seismic survey, but
must repeat for
every cable
lowering, takes
days.

"rms (i.e., root mean square) source levels are approximately 10 dB lower than those listed as zero-to-peak.

? Distance traveled, in parentheses, is a function of ship speed and firing rate.

3 High resolution site surveys conducted on lease blocks identified as having a high probability for the presence of historic archaeological resources (e.g.,

shipwrecks) are required to use 50-m grid spacing, per NTL No. 98-06.

*Vessel requirements: two for cable layout/pickup, one for recording, one for shooting, two for utility.
* Both vessels deploy cables, then one becomes the source boat and the other redeploys cables.

SAAYDULI]]Y
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surveys. Further detail on survey vessels is provided in Appendix D (Section IV.E - Ships, High
Resolution Operations). The vessels follow precise, pre-plotted lines so that the desired coverage of the
seafloor is achieved. With seismic gear deployed, the operating vessel speed is typically in the 3.0 to
3.5 kn range (5.6 to 6.5 km/h) for high-resolution site surveys and 4.5 kn (8.3 km/h) for 2D or 3D seismic
exploration and development surveys. An integrated navigational system keeps track of where the
airguns are fired, as well as the position and depth of the streamer cables. Field operations are usually
conducted 24 h a day.

Details on seismic sources are presented in Appendix D (Section II - Seismic Sources). A
typical marine seismic source is a sleeve-type airgun array, which releases compressed air into the water,
creating an acoustical energy pulse that penetrates the seafloor. The airguns are towed 5 to 7 m below the
sea surface and release compressed air at intervals of several seconds, creating a regular series of strong
acoustic impulses separated by silent periods lasting 10 to 20 s, depending on survey type and depth to the
target formations. Individual airguns are suspended in the water from a float system referred to as a
subarray. Each subarray contains 6 or 7 individual airguns spaced from 2.5 to 3 m apart, making the total
subarray 12.5 to 18 m long. Typically three (sometimes four) subarrays are combined to form an array.
When three subarrays are used, the spacing is 8 m between subarrays, and when four are used, the spacing
is 12 m. Thus, the overall width of the airgun array is generally 16 to 36 m.

1) High-Resolution Site Surveys

High-resolution site surveys are conducted to investigate the shallow subsurface for geohazards
and soil conditions, as well as to identify potential benthic biological communities (or habitats) and
archaeological resources in support of review and mitigation measures for OCS exploration and
development plans. Information also can be recovered at much greater depths, so that some surveys are
used for exploration purposes. A typical operation consists of a ship towing an airgun about 25 m behind
the ship and a 600-m streamer cable with a tail buoy. The ship travels at 3 to 3.5 kn (5.6 to 6.5 km/h), and
the airgun is fired every 7 to 8 s (or about every 12.5 m). Typical surveys cover one lease block, which is
4.8 km on a side. MMS regulations require information be gathered on a 300- by 900-m grid, which
amounts to about 129 line km of data per lease block. If the MMS has identified a block as having a high
probability for the presence of historic archaeological resources (i.e., shipwrecks), grid points must be on
a 50-m spacing (i.e., pursuant to NTL No. 2001-G01). Including line turns, the time to survey one block
is about 36 h; however, streamer and airgun deployment and other operations add to the total survey time.

Recently, 3D high resolution surveys using ships towing multiple streamer cables have become
available. Since multiple streamers are towed, the ships tend to be slightly larger (47 m vs. 37 m). Up to
six streamers 100 to 200 m long are used with a tri-cluster of airguns. With this system, 66 sail lines are
necessary per block, which takes about 5 days to collect.

2) 2D Seismic Exploration Surveys

2D seismic exploration surveys are conducted in the GOM by geophysical contractors. When
geophysical contractors license data to multiple clients that they acquire on a speculative basis, the
surveys are known within the industry as “spec” surveys. When geophysical contractors sell the rights to
proprietary data that they shoot for the exclusive use of a single client, the surveys are known as
proprietary surveys. “Spec” surveys are conducted over large multi-block areas, whereas proprietary
surveys cover only a few blocks. Although the number of 2D surveys is small compared with 3D
surveys, they are important as the survey can cover a larger area in less detail, resulting in a lower cost per
area covered.
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The ships conducting these surveys are generally 60 to 90 m long and tow a single source array
100 to 200 m behind the ship (see Appendix D, Section I.A.2 - Description of Activities, 2D Surveys).
The source array typically consists of three subarrays of six or seven airguns each, and it is about 12.5 to
18 m long and 16 to 36 m wide. Following behind the source array another 100 to 200 m is a single
streamer on the order of 8 to 12 km long. The ship tows this apparatus at a speed of about 4.5 kn
(8.3 km/h). About every 16 s (i.e., a distance of 37.5 m for a vessel travelling at 4.5 kn), the airgun array
is fired (the actual time between firings varies depending on ship speed).

To complete a survey, the ship sails down a track from 12 to 20 h (100 to 166 km), depending
upon the size of the survey area. Reaching the end of the track, the ship takes 2 to 3 h to turn around and
start down another track. The spacing between tracks is usually on the order of 2 km. This procedure
takes place day and night and may continue for days, weeks, or months depending upon the size of the
survey area.

3) 3D Seismic Exploration Surveys

As with 2D surveys, almost all 3D seismic exploration surveys in the GOM are conducted by
geophysical contractors as “spec” surveys, conducted over large, multi-block areas. Proprietary surveys
are usually conducted over only a few blocks.

The ships conducting these surveys are generally 80 to 90 m long, or slightly larger than those
used in 2D surveys since they are towing more equipment. These ships tow two source arrays (aligned in
parallel with one another) 100 to 200 m behind the ship. The two source arrays are identical and are the
same as used in the 2D surveys described previously. Following behind the dual source arrays another
100 to 200 m are anywhere from 6 to 12 streamer cables 3 to 8 km long and spread out over a breadth of
600 to 1,500 m (see Appendix D, Section 1.A.3 - Description of Activities, 3D Surveys for details).

The survey ship tows the apparatus at a speed of 4.5 kn (8.3 km/h). About every 16 s (i.e., a
distance of 37.5 m for a vessel travelling at 4.5 kn), one of the dual airgun arrays is fired. Sixteen seconds
later, the other array is fired. The timing between firings varies depending on ship speed to achieve the
desired spacing.

To complete a survey, the ship continues down a track from 12 to 20 h (i.e., a distance of 100 to
166 km at 4.5 kn), depending upon the size of the survey. Reaching the end on the track, the ship takes
2 to 3 h to turn around and start down another track. This procedure takes place day and night and may
continue for days, weeks, or months depending upon the size of the survey.

4) Ocean Bottom Cable Surveys

Ocean bottom cable surveys were originally designed to enable seismic surveys in congested
areas such as producing fields with their many platforms and producing facilities. Recently, these surveys
have been found to be useful for obtaining four-component (4C) data (seismic pressure, as well as vertical
and two horizontal motions of the water bottom, or seafloor), yielding more information about the fluids
and rock characteristics in the subsurface (e.g., Ebrom, 2000). Standard hydrophones limit the water
depth to which surveys can be conducted to about 183 m. However, new technology now allows surveys
to be conducted at water depths of up to 2,500 m or more. As systems are deployed at deeper and deeper
depths, both the physical demands upon the system and the concern for the integrity of the system
increase. Depth limitations are imposed due to the construction of the carrier systems (e.g., pressure
seals, strength of cable). Whether the carrier system is comprised of streamer-type or logging-type
cables, the question remains as to whether they are capable of sustaining their own weight over the
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vertical distance between sea surface and the seafloor, as well as stresses placed on these systems during
deployment and retrieval.

Ocean bottom cable surveys require the use of multiple ships (usually two ships for cable
layout/pickup, one ship for recording, one ship for shooting, and two smaller utility boats). These ships
are generally smaller than those used in streamer operations, and the utility boats can be very small.
Operations begin by dropping cables off the back of the layout boat. Cable length is typically 4,200 m
but can be up to 12km. Groups of seismic detectors (usually hydrophones and vertical motion
geophones) are attached to the cable in intervals of 25 to 50 m. Multiple cables are laid parallel to each
other using this layout method with a 50-m interval between cables. When the cable is in place, a ship
towing a dual airgun array passes between the cables, firing every 25 m. Sometimes a faster source ship
speed of 6 kn instead of the normal 4.5 kn speed is used with an increase in time between airgun firings.
After a source line is shot, the source ship takes about 10 to 15 minutes to turn around and pass down
between the next two cables. When a cable is no longer needed to record seismic data, it is retrieved by
the cable pickup ship and moved to the next recording position. A particular cable can lay on the bottom
anywhere from 2 h to several days, depending upon operation conditions. Normally, a cable is left in
place about 24 h. In some cases, cables may be left on the bottom for future time-lapse (4D) surveys (see
below).

5) Time-Lapse (4D) Surveys

The purpose of time-lapse (4D) surveys is to monitor the depletion of the reservoir and to locate
zones of bypassed production in an already discovered oil or gas field. A time-lapse survey requires
repeat surveys with highly accurate navigation to ensure the same subsurface points are measured on each
repeat survey. Time-lapse surveys are usually repeated every 6 months to a year, but occasionally the
repeat interval can be as short as 4 months.

Time-lapse surveys can use either seismic streamer cables or ocean bottom cables to house the
seismic detectors. In either case, the procedure closely resembles the ones described previously for 3D
and ocean bottom cable surveys. The main difference is in the size of the survey. Since the oil or gas
field already has been located, the survey is much smaller, and survey time is much shorter. An average
survey takes 2 to 4 weeks and can cover 20 square kilometers.

Although the technique began using streamer cables, the difficulty in locating the sensors with
suitable precision led to the use of bottom cables, then to fixed bottom cables. When fixed bottom cables
are used, the survey time, after the first survey, is much shorter since all that has to be done is connect the
fixed bottom cable to the recording instruments and start shooting.

6) Vertical Cable Surveys

Vertical cable surveys, although uncommon, are similar to ocean bottom cable surveys in that the
receivers are deployed and then shot into by a source boat. However, they are substantially different from
ocean bottom surveys in that the receivers are located on vertical cables anchored to the ocean bottom.
These surveys are normally conducted at water depths up to 1,700 m; however, when specially
constructed hydrophones are used, surveys can be conducted in water depths up to 2,500 m.

Two identically configured boats are used during a vertical cable survey. Both boats are used
initially to place the cables. During the survey, one boat is used as a source boat and the other to recover
and redeploy the cables.
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The vertical cables are deployed on two overlapping grids. On each grid, vertical cables are
deployed every 2 km. One grid is staggered 1 km to the other such that any one vertical cable is no more
than 1.4 km from its closest neighbor. Normally 28 or 32 vertical cables are deployed at any one time.
At the bottom of each vertical cable is an anchor composed of 680 kg of steel. The active section of the
cable is 375 m long and contains 16 specially constructed hydrophones spaced 25 m apart. At the top are
buoyant floats to keep the cable as vertical as possible.

Once the cables are in place, the source boat begins shooting in such a way that each vertical
cable receives shots at a distance of 5 km in all directions. This is accomplished by sailing down lines
parallel to the grid of vertical cables. Once the shooting boat shoots a line 1 km beyond the first row of
vertical cables, that row is recovered and redeployed. Cables may be left in place for hours or days,
depending upon the size of the survey and operating conditions. Vessel speed is normally 4.5 kn. The
dual airgun array is the same as normally used in 3D streamer surveys (see Appendix D, Section 1.A.6 -
Description of Activities, Vertical Cable Surveys for details).

7) VSP Surveys

VSP surveys are surveys where seismic data are recorded from sensors placed in a borehole (i.e.,
a hole vertical to the ocean surface or seafloor) with seismic sources deployed in various geometries
around the vertical array of sensors. VSP surveys are either zero offset or check shot surveys (i.e., when
the seismic source is placed very near to the vertical array of sensors) or walk-away surveys (i.e., when
the seismic source is placed in a series of positions along a radial line from the vertical array of sensors).
Each survey type is designed to acquire specific information. Zero offset and walk-away VSP surveys are
by far and away the most common VSP surveys conducted in GOM. Less common are 3D VSP surveys
where the source is deployed in an area surrounding the vertical array of sensors.

In all VSP surveys, sensors are lowered down a borehole before production tubing is placed in the
well bore or the well is abandoned. The sensors lowered down the borehole can be connected together in
strings of 16 to 36 receivers spaced from 15 m to 150 m apart depending upon the survey objective and
other variables. After lowering the sensor string to the lowest portion of the borehole to be surveyed, the
sensors are temporarily clamped to the side of the well bore and seismic signals recorded. Subsequently,
the sensors are repositioned and the next set of seismic signals recorded. Seismic sources used in VSP
surveys are the same as those used in conventional seismic surveys. Zero offset surveys are conducted
using a small volume single airgun suspended by a crane located on the deck of the drilling rig.
Walk-away surveys utilize a work boat with only four to eight airguns. 3D VSP surveys use the same
airgun arrays as used for conventional 2D and 3D surveys. These airgun arrays can vary from 1,000 to
5,000 cubic inches, depending upon the depth of the objective. Typical airgun array depths are 7 to 10 m
below the surface.

One method used to provide 3D coverage is for the source vessel to travel in a spiral track. The
source vessel begins the spiral track at a distance of 200 m from the borehole and keeps the distance
between spirals equal to the number of arrays times the array separation (e.g., two arrays spaced 120 m
apart equals a 240-m track spacing). First one airgun array will fire, then 12 to 14 s later the other airgun
array will fire. At a typical vessel speed of 4.5 to 5 kn, the distance between firings is between 28 and
36 m. The source vessel continues on the spiral out to a distance of up to 9 km. If the borehole sensor
string needs to be raised to another level, the whole procedure is repeated.

Total time spent on VSP surveys depends upon the type of survey, the objectives of the survey,
the cost of the drilling rig and the equipment used. For a zero offset survey or a walk-away survey, the
survey can take less than a day, in the absence of any serious equipment failures. For a zero offset
survey, the airguns are fired four to eight times for 20 s, followed by a 5- to 20-min quiet time during
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which the sensor string is raised; the airguns are fired again for four to eight times for 20 s and so on until
the survey is completed. A 3D survey may require up to 10 days to complete, however, 30% of that time
may be with the airguns in standby mode.

8) Other Variations

Multi-ship Surveys. Multi-ship surveys are an integral part of ocean bottom surveys and vertical
cable surveys. However, in the quest for seismic data recorded at greater distances from the source,
multi-ship streamer surveys (where both ships tow streamer cables but only the lead ship fires its seismic
source) are becoming more prevalent. Generally, this technique is used to either obtain converted wave
data (shear wave) or to penetrate hard seafloor layers. Two sorts of operations are in use — one 2D and
the other 3D. The 2D operation places two ships, one behind the other, each towing single streamer
cables at a distance apart and a streamer length sufficient to record seismic data at distances of 8 to 12 km
from the source. The 3D operation places two ships, one behind the other, towing multiple (up to 12)
streamers 2,500 m long a sufficient distance apart to record seismic data at distances of 9 km from the
source. In both 2D and 3D surveys, only the lead ship is used as a seismic source boat.

Undershooting. Undershooting, where an obstacle stands between the seismic source and the
receiver, is used most commonly in conjunction with ocean bottom surveys. This is because the surveys
typically are located in areas of congestion and the cost is low. Operationally the technique is identical to
normal ocean bottom operations, except the obstructing structure lies between the source boat and the
ocean bottom cable.

Undershooting using 2D or 3D streamer cable ships is rare and is required when an obstacle, most
often a production platform, interferes with the routine collection of data in the immediate vicinity of the
obstacle. Undershooting is the technique whereby a vessel towing an airgun array, and perhaps streamer
cables of its own, passes on one side of the obstacle. Concurrently, another vessel towing streamers
passes on the other side of the same obstacle. The energy from the airgun array passes through the
subsurface beneath the obstacle and is recorded by the vessel on the other side of the obstacle, hence the
name “undershooting.” Undershooting using ocean bottom cables as receivers is sometimes necessary
when the geometric disposition of multiple obstacles is complex (e.g., a seismic vessel towing streamers
may not always be able to maneuver between obstacles), but ocean bottom cable is generally more
expensive than using surface streamers as receivers.

b. Deep-Tow Side-Scan Sonar Surveys

Deep-tow side-scan sonar surveys are conducted in the GOM primarily for engineering studies
involving the placement of production facilities and pipelines. The surveys provide information about
seafloor topography and help to identify the presence of sand flows, hydrates, seeps, and potential hard
bottom areas.

Operations are conducted from ships towing data communications cables up to 7 km long, which
enables operations in water depths up to 3,000 m deep. Close to the end of the cable is a 30- to 45-m long
section of chain to keep the sensor package (fish) tracking at approximately 25 to 30 m above the bottom.
The chain drags along the seafloor, cutting a trench approximately 10 cm wide by 15 cm deep (4 in. wide
by 6 in. deep). In situations where the chain can become entangled in shipwrecks, well heads, or hard
bottom areas, the chain is removed, and the sensor package is kept above the bottom by adjusting the
length of the tow cable.

The sensor package housed in the towed “fish” consists of two sonar devices, one mounted on the
port side and the other on the starboard side of the fish. The beam width of each of the sonar sources is 1°
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to 2°, which combined with the height above the seafloor of 25 to 30 m, yields continuous seafloor
coverage. Also included in the sensor package is a pinger for subbottom profiling.

c Electromagnetic Surveys

Electromagnetic surveys are used to help delineate potential oil and gas reservoirs. There are two
practical electromagnetic techniques applicable to marine surveys. Both the magneto-telluric (MT) and
bi-pole methods have been primarily applied in the marine environment in a research mode. However,
the MT technique has seen limited use in the GOM, where about 400 stations have been occupied. There
is talk of turning the bi-pole technique into a commercial device, but there has been no action as of this
date. A third experimental technique that has not yet been tried is described briefly in Appendix D,
Section I.C - Electromagnetic Surveys.

In the MT technique, no electrical currents are induced into the earth, but the receiver device
detects the natural electrical and magnetic fields present in the earth. Ships are used to deploy and
retrieve the recording devices. These devices are about 1.5 m high by 1 m on a side and are attached to a
concrete anchor about 60 cm on a side, 15 cm high, and weighing about 136 kg. Also attached to the
recording device are four arms sticking out from each side of the box with an electrode on each end.
These arms are about 20 m long and made of 5-cm plastic polyvinyl chloride (PVC) pipe. Inside the
recording box is a magnetometer and a long-term recording device, which allows the box to remain on the
water bottom for days at a time. The recording box is retrieved by using an acoustic pinger that releases
the anchor from the recording box, which then floats to the surface.

In the bi-pole technique, two cables (joined together, with the second cable a few hundred feet
longer than the first) are towed around by a ship. Attached to the end of each cable is a metal cylinder
about 3 m long and 0.3 m in diameter. At regular intervals the ship stops, the cables sink to the bottom,
and an electrical signal is input through the cables and into the seafloor. These electrical signals are
detected by previously deployed receivers 2 to 10 km away from the source and arranged in a line or
profile. The receiver boxes are attached to concrete blocks like those used in the MT technique. Inside
the receiver boxes are recording devices that allow for recording for a few days. When the recording is
finished, an acoustic pinger releases the recording box from the anchor, and the recording box floats to
the surface for retrieval.

d. Geological and Geochemical Sampling

Geological and geochemical sampling is conducted to obtain samples of the seafloor for physical
and/or chemical analyses. Physical analyses are used in engineering studies for placement of structures
such as platforms and pipelines. Chemical analyses (surface geochemical prospecting) are based on the
premise that upward migrated petroleum from deep source rocks and reservoirs can be detected in
near-surface sediments and are used to evaluate exploration potential. Usually, a program of bottom
sampling and shallow coring is conducted simultaneously using a small marine drilling vessel (USDOI,
Geological Survey, 1976). Other sampling techniques using towed hydrocarbon “sniffers” are rarely used
(see Appendix D, Section 1.D.3 - Hydrocarbon “Sniffers™).

1) Bottom Sampling

Bottom sampling involves devices that penetrate only a few centimeters to several meters below
the seafloor. Samples of surficial sediments are typically obtained by dropping a piston core or gravity
core (“dart”), essentially a weighted tube, to the ocean floor and recovering it with an attached wire line.
Samples also can be obtained using a grab, which is a device with a jaw-like mechanism, or with a
dredge, which is a wire cage dragged along the seafloor.
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For the last 15 years, almost all the surface geochemical exploration techniques in the northern
GOM have involved piston coring to obtain sediment samples for the analysis of upward migrated
hydrocarbons (Brooks et al., 1986, 1997; Sassen et al., 1993). The typical piston core is a 6-m long,
7.5-cm diameter pipe with a 910-kg core weight. In some earlier studies, lighter and shorter gravity cores
were used. Over the last 20 years, it is estimated that 10,000 to 15,000 piston and gravity cores have been
taken in the northern Gulf, primarily in continental slope water depths.

In gravity coring, wire is paid out from the coring winch at a fairly fast speed allowing the corer
to hit the bottom with a force proportional to the weight of the corer and the speed at which it is deployed.
Penetration into the bottom is limited by the sediment type, friction of the sediment on the outside and
inside walls of the core barrel, and the resistance of the water exiting the top of the core barrel. In
contrast, a piston corer uses a “free fall” of the coring rig to achieve a greater initial force on impact, and
a sliding piston inside the core barrel to reduce inside wall friction with the sediment and to assist in the
evacuation of displaced water from the top of the corer. The core barrel dimensions are generally 6-m
long by 7.6-cm internal diameter by 9-cm outer diameter. Coring at lengths greater than 6 m is possible
but not common.

2) Heat Flow Measurements

Another tool in limited use in deep-water exploration is a heat flow probe. This technique, used
primarily in academic circles as a research tool, provides geochemical and geological information that
aids in understanding regional scale hydrodynamics and the potential for occurrence of hydrocarbons.
Heat flow measurements are conducted with a device that looks much like a piston corer. The device
measures both temperature gradient and thermal conductivity in situ over subbottom depth intervals of up
to 6 m. The footprint and impact on the sediments is almost identical to that of piston or gravity coring.

3) Shallow Coring

Shallow coring is done by conventional rotary drilling equipment from a drilling barge or boat.
Penetration is usually limited to the recovery of several meters of consolidated rock.

e Remote Sensing
1) Radar Imaging

Radar imaging by satellite is currently used to detect oil slicks on the sea surface. This is possible
because when the oil molecules reach the sea surface, they form a thin layer that dampens the ocean
surface capillary waves. The detection of oil slicks requires quiet water conditions and consequently is
limited by sea state as well as satellite position and frequency of coverage. The resolution of the radar
images ranges from 8 to 100 m with a swath width range of 50 to 500 km. The radar satellite is in a near
polar orbit at an altitude of 798 km. The cycle time for a duplicate orbit is 24 days, but a common spot on
the earth can be revisited every 5 days and surveyed with different viewing parameters. The MMS does
not permit nor approve radar imaging surveys.

2) Aeromagnetic Surveys

Aeromagnetic surveys are conducted in the GOM to look for deep crustal structure, salt related
structure, and intrasedimentary anomalies. The surveys are flown by fixed wing aircraft, with flight lines
on the order of 400 km (250 mi) long, at a height of 75 to 150 m above the sea surface, and are flown at
speeds of about 220 km/h. Flight line spacing ranges from 500 to 800 m apart with cross lines every
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2,000 to 3,000 m. Acquisition rates are on the order of 1,000 to 2,000 km of data per day. The earth’s
magnetic field is measured by either a proton precision or cesium vapor magnetometer mounted in a
“stinger” projection from the tail of the aircraft. On occasion, two magnetometers are used to measure
not only the total magnetic field but also the vertical gradient of the field. Magnetometers also can be
towed behind a ship. This usually is in conjunction with a seismic survey but can be run as a separate
survey.

3) Gravity Surveys

Marine gravity data can be collected with instruments on the seafloor, in boreholes, in ships, or in
helicopters. Originally, data were collected on the seafloor, but modern technology has moved the
collection point to ships. Marine gravity meters have, in some cases, been housed in a ship while it is
conducting a seismic survey. However, the preferred method has been to use dedicated ships in order to
acquire more precise data. With the advent of global positioning system (GPS) navigation and larger,
more stable seismic ships, it is now possible to achieve the same order of accuracy with meters placed in
seismic ships as in dedicated ships. Data grids for gravity surveys range from 1.6 km x 8 km to 9.7 km x
32 km. Gravity data may also be collected using helicopters. However, helicopter surveys are rare in the
GOM because of the logistics required to keep the craft in the air for extended periods far from shore.

4) Gravity Gradiometry

Measuring the earth’s gravity gradient is now possible with the release of Defense Department
technology. The instrument is housed in a box located in the center of a survey ship. In shallow water,
the ship sails a 0.25-km by 1-km grid, and in deep water, a 1-km by 2-km grid is used. Typically, a
20-block area is selected for survey, and this can be completed in about 2 days.

5) Marine Magnetic Surveys

Marine magnetic surveys measure the earth’s magnetic field for the purpose of determining
structure and sedimentary properties of subsurface horizons. These surveys are usually conducted in
conjunction with a seismic survey, allowing the navigation information to be used for both surveys. The
development of low power digital sensors has allowed the sensor package to be towed behind the seismic
source array, which has greatly improved operational efficiency of magnetic surveys. The sensor is
housed in a cylindrical package measuring approximately 1 m long and 15 to 20 cm in diameter and
weighing about 14 kg. The electronics package inside the case contains about 1 L of chemically inert
fluid that is non-toxic. The sensor is towed behind one of the sub-arrays of the seismic source array at
distances of 50, 100, or 150 m (behind the array), although 100 m is the most common. The sensor is
towed at a depth of 3 m and makes use of depth devices mounted on the cable to maintain a constant
depth.

2. Level of Activity
a. Characterization of Activity

Although gravity, magnetic, and electromagnetic surveys are conducted in the GOM, by far the
greatest activity is seismic data acquisition. The principal seismic technology is 3D seismic, using either
streamers or bottom cables. Time-lapse (4D) surveys are becoming more frequent as the technology for
analyzing the data are developed. Four-component (4C) seismic surveys conducted with bottom cables
and vertical cable surveys are in their infancy.
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In developing a level of activity, only the seismic techniques are considered, as they are the main
focus of the environmental analysis in this PEA. The number of lease blocks surveyed is one measure of
activity. Seismic survey activity is typically measured by the number of active “crews.” Each crew is a
complete entity with the ability to collect seismic data. Crews can be ships towing streamer cables, or a
fleet of ships collecting either bottom cable or vertical cable seismic data. For the purposes of describing
the level of activity, the period from 1988 to the present adequately characterizes the recent level of G&G
activity in the GOM. Another measure of activity is permits issued by MMS for 3D seismic surveys.
While permits do not cover seismic surveys conducted under lease terms, most 3D seismic surveys are
conducted under permit. While it is also of interest to project future levels of G&G seismic activity in the
GOM, such predictions must be viewed as gross approximations because many factors influence activity
levels, as detailed as follows. For the purposes of this analysis, recent trends in permitting levels were
evaluated, current driving factors considered, and estimates of future survey activity projected.

b. Factors Driving Activity
1) Economics

The price of oil and natural gas is the predominant driver for exploration activity. Prices for oil
are determined on the world market and are primarily set by the Organization of Petroleum Exporting
Countries (OPEC). Over the period from August 1985 to May 2003, the closing futures price of Light
Sweet Crude Oil varied from a low in 1998 of $11.21 per barrel to a high of $36.09 per barrel in 1990
(Haver Analytics, written comm., 2003). Over a 10-year period from October 1988 to December 1998,
the price of oil began at a low of $11.63 per barrel and rose gradually to an average price of about $20 per
barrel (with one spike at $36.09 per barrel in October 1990), then declined to another low of $11.21 per
barrel in December 1998. Since then, there have been two peaks (i.e., one in November 2000 at
$34.16 per barrel, a second in February 2003 at $35.78 per barrel) interspersed with a low of $19.53 per
barrel in December 2001. Most recently (May 2004), the price of oil has reached historic high levels of
around $40 per barrel. The general trend seems to be prices increasing over the next few years.

The price of gas is less dependent upon the world market, as gas is usually delivered from field to
market by gas pipelines. Gas prices have shown a gradual increase during the decade of the 1990°s from
a price of about $1.80 per million British thermal units (MMBTU) (closing futures price New York
Mercantile Exchange [NYMEX]) to a price of about $2.70 per MMBTU in December 2001
(Haver Analytics, written comm., 2003). One price spike occurred during December 2000 when the price
rose to $8.32 per MMBTU. Currently (June 2003) prices seem to be on another rise; however, no trend to
prices can be discerned. During the projection period, relatively short-term price spikes for natural gas
may be expected to occur (e.g., as occurred during winter 2000-2001), and the price can be expected to
increase over the levels in the 1990’s.

This oil and gas price scenario assumes a relatively stable economic environment over the
long-term with regard to oil and gas producing prices. Offsetting this optimism is the current oversupply
of marine seismic vessels for exploration for new and exploitation of discovered fields and the economic
viability of the seismic contracting business. This has caused some vessels to sit idle and profits for
geophysical exploration companies to become elusive. Some reduction in vessel capacity will occur.
Indeed, the drastic reduction of crews from 41 in 1999 to 15 in 2000 is indicative of this problem.

2) Geography
Oil and gas exploration on the continental shelf of the northern GOM is in a mature state,

although large discoveries are expected in deeper waters. From a seismic exploration view, about
900 blocks in the Western and Central Planning Areas have not yet been surveyed with 3D seismic
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techniques (R. Brinkman, MMS GOM OCS Region, written comm., 1999, 2000). For the purpose of this
analysis, several factors were considered in the development of activity level projections. Annual survey
activity levels during the past several years were considered (i.e., 1993-2002), as well as the number of
permits issued during the first 6 months of 2003. Based on trends evident in the past several years, the
assumption is that the remaining blocks would most likely be surveyed over the next several years, with a
gradual tapering off of activity. Resurveying of blocks also has been integrated into the projections. It is
assumed that a lower level of new seismic survey activity will occur in the Eastern Planning Area relative
to the remaining two Planning Areas (i.c., the vast majority of survey activities are expected in the Central
and Western Planning Areas). Industry interest in the Eastern Gulf has historically been limited to the
westernmost portions of the planning area (e.g., Destin Dome 56 Unit; Lease Sale 181 area).

3) Technology

The development of new technology has been a key factor in continuing new seismic activity.
Technology improvements to the 3D method are expected to cause previously surveyed blocks to be
resurveyed. In the past, improvements in technology have caused resurveying at approximately 8-year
intervals and reprocessing of data every 5 years. However, current economic conditions have caused
seismic contractors to decrease their investments in new technology. Indeed, these contractors are
reducing the number of crews in order to reduce cash flow. Because of these events, new technology will
take longer to come into the mainstream, and the resurvey time will be on the order of 10 to 14 years.
Four-component (4C) bottom cable and vertical cable surveys also will be done over older 3D surveys in
order to collect additional or new information. Time lapse surveys will be done over existing fields. On
occasion, these time lapse surveys will be 4C.

c. Correlation of Factors to Activity

The economic factor will be the most important driving factor affecting G&G activity over the
next several years, given the relative stability or instability of oil and gas prices and the economic health
of the exploration industry. Over the past 10 to 12 years, periods of relative price stability have been
interspersed with rapid price fluctuations due to regional and worldwide instabilities and conflicts. The
oil and gas pricing scenario assumes a relatively stable economic environment over the long-term. The
geographic factor is projected to cause the survey of blocks of interest in the GOM that have not been
surveyed. Based on a review of permit history and MMS consultation, the estimation is that 900 blocks
remain to be surveyed; such new surveys are expected to occur between now and 2008, with highest
activity levels expected in the near term (i.e., 2004-2005). Technology will be the driving factor that will
require each block (i.e., each block already surveyed) to be re-shot with a new survey using either
streamer cables, water bottom cables with hydrophones and vertical geophones (two component [2C]),
water bottom cables with 4C, or vertical cables. Normally, new technology would prompt the
resurveying of blocks with an approximate 8-year delay, but with the decrease in investment in new
technology that period should expand to approximately 14 years. All blocks without production will
likely be resurveyed; those with production will most likely be resurveyed with time lapse surveys.
Adding these two numbers together (newly surveyed and resurveyed blocks) gives the number of blocks
available for crew activity. This figure varies from 1,041 (in 2003) to 6,520 blocks (in 2011). The
numbers of lease blocks surveyed since 1988 and the numbers of seismic crews working are presented in
Table 11-4.

The methodologies used to compile Table II-4 have been outlined in Appendix D (Section V.C
- Correlation of Factors to Activity). Line miles and actual blocks surveys were derived from MMS
statistics, and it was estimated that approximately 230 line miles are completed per block. Estimates of
blocks remaining to be surveyed (900) were calculated from MMS statistics; it has been assumed that the



Table 11-4
Lease Blocks Surveyed' and Numbers of Seismic Crews Under the Proposed Action

Actual Estimated Crews
Year LineMiles>  Blocks Blocks ~ MMSBlocks  Repeat - p i piocks Crews Total® Y8 Crews2p  2p  Crews3D Crews Total
3 Surveyed Blocks 3D (est.) (est.)
Surveyed Surveyed (est.)
1988 193,089 - 841 841 - 841 - -- - -- - -
1989 187,402 - 816 816 - 816 - -- - -- - -
1990 369,540 - 1,610 1,610 - 1,610 31 - - - - -
1991 363,259 - 1,583 1,583 - 1,583 25 - - - - -
1992 384,435 1,825 - 1,825 - 1,825 21 - - - - -
1993 641,514 1,913 - 1,913 - 1,913 23 - - - - -
1994 566,142 2,488 - 2,488 - 2,488 31 21 10 - - -
1995 636,324 3,112 -- 3,112 - 3,112 34 29 5 - - -
1996 637,311 3,045 - 3,045 - 3,045 32 28 4 - - -
1997 - 6,520 - 6,520 - 6,520 37 30 7 - - -
1998 - 5,183 - 5,183 - 5,183 50 38 9 - - -
1999 - 3,612 - 3,612 - 3,612 41 33 8 - - -
2000 - 3,003 - 3,003 - 3,003 15 8 7 - - -
2001 -- 3,648 - 3,648 -- 3,648 17 8 9 - - -
2002 - 3,698 - 3,698 841 4,539 15 6 9 - - -
2003 - - -- 225 816 1,041 - -- - 8 8 16
2004 - - - 225 1,610 1,835 - -- - 8 15 23
2005 - - - 113 1,583 1,696 - - - 8 14 22
2006 - - - 113 1,825 1,938 - - - 8 16 24
2007 - - - 112 1,913 2,025 - - - 8 16 24
2008 - - - 112 2,488 2,600 - - - 8 21 29
2009 - - - - 3,112 3,112 - - -- 8 25 33
2010 -- -- -- -- 3,045 3,045 -- -- -- 8 25 33
2011 - -- - -- 6,520 6,520 - -- - 8 53 61
2012 - -- - -- 5,183 3,270 - -- - 8 42 50
2013 - - - - 3,612 3,612 - - - 8 29 37
2014 - - - - 3,003 3,003 - - - 8 24 32
2015 -- - -- - 450 450 -- -- -- 8 4 12

Tabular data represent prelease survey activity levels only; data are unavailable for postlease surveys or other surveys (e.g., pipeline rights of way, scientific research).

Records maintained by MMS (Gulf of Mexico OCS Region) during 1988-1991 were in line miles only regardless of whether the survey was 2D or 3D; during 1992-1996, both line miles and number
of blocks surveyed were also recorded, allowing for calculation of blocks/mile. After 1996, only blocks are recorded regardless of survey type (2D, 3D). Line miles of data collected are equal to the
length of transects surveyed times the number of streamers. For example, a survey of one mile transect distance by a ship towing six streamers results in 6 line miles of data collected.

* Estimated blocks surveyed during the period 1988-1991 based on line miles traveled and/or blocks/mile data (for the period 1992-2002).

Projections (beyond 2002) are approximations based on the number of remaining unsurveyed blocks (900).

Repeat blocks represent those blocks to be resurveyed.

The term “crews” refers to a seismic data acquisition operation. In most cases, it represents a ship towing streamer cables, but can represent multiple ships (e.g., bottom cable surveys; vertical cable
surveys). Crew statistics courtesy of IHS Energy Group, World Geophysical News.
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unsurveyed blocks will be surveyed over a 6-year period. The first repeat survey to be conducted on
blocks has been extended to 14 years because the technology has not improved at the rapid pace displayed
in the 1990’s, and the economic condition of the G&G contractors is poor. Actual crews totals for 2D and
3D surveys were obtained from an industry source. The estimated number of 3D crews was calculated
based on the assumption that 3D surveys are 10 times as efficient as 2D crews in covering a given area;
this implies that 90% of the blocks surveyed were done by 3D crews. This approach also provided the
basis for estimating crew efficiency.

A simplified trend analysis was also used to project the number of seismic surveys expected in
the foreseeable future in the GOM. Recent historical survey activity was considered, as were the number
of unsurveyed blocks and projected resurvey activities (i.e., estimated 14-year resurvey cycle). Historical
activity levels were derived from MMS permit application records (see Appendix D, Figures D-6
through D-11).

Note: Tabular data presented in Table II-4 represent prelease survey activity levels only,; data
are generally unavailable for postlease surveys or other surveys (e.g., pipeline rights of way, scientific
research). Permitted activity for 3D surveys has been summarized in Appendix D (Section V - Level of
Activity). Further, it is important to recognize that projections (beyond 2003) are only approximations
based on the remaining unsurveyed blocks (900) and the projection of a 14-year resurvey cycle. While
Table 1I-4 projects activity out to 2015, there is no historical basis or implied significance to this
endpoint.

The activity levels realized in the Gulf in recent years (i.e., 1995 to 2003) are expected to produce
a corresponding increase in resurveying activities on a 14-year cycle, assuming other factors remain
relatively unchanged. It is apparent from this analysis that a) several factors strongly influence survey
activity levels (i.e., projections are only approximations), and b) there is a “general trend” or “cycle”
evident, based on remaining unsurveyed blocks and projected resurvey activity tied to an approximate
14-year timeframe. Further, it is unknown how many new, unsurveyed blocks may be identified in the
near future (e.g., from future lease sales and leasing activity).

One factor that cannot be easily integrated into these projections is the geology of specific areas
of interest. For example, MMS notes that the area seaward of the Sigsbee Escarpment (i.e., Lund and
Lund South in the Central GOM Planning Area) contains only a few deeply buried prospects. For the
near term in this area, 3D surveys will probably be of limited areal extent and may result in additional
blocks being surveyed for the second and third time sooner. Areas such as Mississippi Canyon and
northern Atwater, where drilling activity has been high during recent years, contain some blocks that have
been surveyed three times during the period 1993 through 2003.

Using data for the period 1994 to 1999, “crew efficiency” was also calculated by dividing the
number of 3D crews by the number of blocks surveyed. Crew efficiency varied from 0.004 crews per
block to 0.009 crews per block, with a median value of 0.009 (see Table II-4). Assuming 0.009 crew
efficiency and multiplying by the total number of blocks estimated to be surveyed from 2003 on, the
number of active 3D crews is predicted to range from 8 to 53. Dellagiarino et al. (1998, 2000) indicated
that the percentage of 3D surveys (relative to all geophysical surveys permitted by the MMS since 1993)
has ranged from a low of 40% (in 1998) to a high of 54% (in 1993). MMS notes that 2D permitting
activity has remained relatively static over the past several years. The number of 2D crews is assumed to
remain constant at eight crews in the foreseeable future. The resulting predictions for total crew and 3D
crew activity are listed in Table 11-4.

In addition to the 2D or 3D seismic surveys (prevalent in the GOM) are the VSP surveys
conducted on a much smaller geographic scale (e.g., within a single lease block). Seismic sources used
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during a VSP survey are the same as those used in conventional seismic surveys. Zero offset surveys
(check shot surveys) utilize a single, small volume airgun suspended from the deck of a drilling rig.
Walk-away surveys utilize a work boat equipped with four to eight airguns, while 3D VSP surveys use
the same airgun arrays as used for conventional 2D and 3D seismic surveys. Check shot surveys are the
most common type of borehole seismic survey conducted in the GOM. Geographic distribution of check
shot surveys for several 3-year periods is outlined in Appendix D (Section V.C - Correlation of Factors
to Activity). Comparisons of 2D and 3D seismic surveys with check shot survey activity levels can only
be made with appropriate caveats, given the inherent differences in survey characteristics (i.e., frequency
of airgun firing, geographic distribution of survey activity, duration of survey operations). It is evident,
however, that check shot survey activity in recent years has followed the general trend evident in the
region's exploration and development sectors - increasing movement into deeper waters of the Gulf.

3. Mitigation Measures Included

The Proposed Action includes mitigation measures that are implemented through regulations
governing prelease and postlease G&G activities. Pursuant to 30 CFR 251.4, a permit must be obtained
to conduct prelease geological or geophysical exploration for oil, gas, and sulphur resources. (Permits for
exploration for other mineral resources are pursuant to 30 CFR 280.3.) Permit applications must be
submitted to MMS in accordance with the requirements outlined in 30 CFR 251.5 and 30 CFR 251.6 and
explained further in applicable Letters to Permittees. The Letter to Permittees dated January 20, 1989,
specifies forms and maps, stipulations, and special provisions applicable to most permit activity. The
30 CFR 251 regulations do not apply to G&G activities conducted by, or on behalf of, a lessee on a leased
block. Such G&G activities are governed by 30 CFR 250.201 regulations and by applicable NTLs.

The stipulations applying to both prelease and postlease G&G activities include several
environmental protective measures (see Appendix E, Section II - Mitigation Measures and
Operational Restrictions). Key points include the following:

e Explosives cannot be used except under written authorization from the Regional Supervisor.
Further protective measures (including Endangered Species Act Section 7 consultation with
the NMFS) apply in the event that explosives are used. Explosives are not covered here
because their use automatically requires preparation of a separate EA.

e Several measures are specified to protect Florida manatees from vessel strikes. These include
a separate ESA consultation.

e Bottom disturbing activities are prohibited within the No-Activity Zones of certain
topographic features, and anchoring is restricted within the “Pinnacle Trend” area of the
northeastern GOM. Further protections apply for activities within the Flower Garden Banks
National Marine Sanctuary.

e The permittee must report discovery of any archaeological resource (shipwreck/prehistoric
site) to the MMS and take precautions to protect the resource from operational activities.

Further, G&G activities in waters >200 m deep in the GOM and all OCS waters of the Eastern
Planning Area have recently (i.e., August and October 2002, June 2003, March 2004) been required to
comply with a series of additional mitigation measures designed to minimize or eliminate potential
impacts to marine mammals. These mitigation measures, most recently encompassed within NTL No.
2004-GO1, include the use of ramp-up during daylight hours, use of trained marine mammal observers,
initiation of reporting requirements, and the requirement to shutdown an operational array when whales
are sighted within or moving towards a predetermined impact zone.
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a. Rationale for Ramp-Up

Ramp-up (also known as “soft start,” “slow start,” or “slow build up”) entails the gradual increase
in intensity of a sound source (e.g., airgun array) over a period of 15 to 30 minutes, until maximum source
levels are reached, as detailed in Appendix E, Section 11.B.3, Ramp-Up. The intent of ramp-up is to
either avoid or reduce the potential for instantaneous hearing damage to an animal (from the sudden
initiation of an acoustic source) that might be located in close proximity to an airgun array. Increasing
sound levels are designed to warn animals of pending seismic operations (at full power) and to allow
sufficient time for those animals to leave the immediate area. Increasing sound levels (e.g., from an
airgun array) are thought to be annoying or aversive to marine mammals. The effectiveness of ramp-up
has yet to be documented, either within U.S waters or overseas. The MMS is considering study designs
that may be effective for evaluating ramp-up as it applies to G&G operations in the GOM, indicative of
the extremely limited state of knowledge regarding this mitigation measure. Ramp-up has been used as a
common sense measure in various international arenas (see Appendix E, Section I1.B.3, Ramp-Up and
summary by Pierson et al., 1998). Under optimal conditions, sensitive individuals are expected to move
out of the area, beyond the range where hearing damage might occur. A discussion of the application of
ramp-up and its efficacy is found in Appendix E, Section I1.B.3, Ramp-Up. In spite of the absence of
data on its effectiveness, a Gulf-wide requirement for ramp-up is currently in place as part of
NTL No. 2004-GO1. Under this NTL, ramp-up is used in conjunction with visual monitoring.

b. Rationale for Visual Monitoring

The use of visual monitoring (i.e., use of trained observers to scan the ocean surface for signs of
whale presence), as required under NTL No. 2004-GO1, is intended to establish and maintain a zone
around the seismic vessel that is clear of whales, thereby reducing or eliminating the potential for hearing
damage. Visual monitoring includes visual clearance of the impact zone immediately prior to and during
ramp-up, as well as continual monitoring of the area around the vessel and operating array during seismic
operations. In the event one or more whales are sighted within the impact zone, ramp-up or seismic
operations are halted until the area is clear. Visual observations have definite limitations. Sea state, sun
angle, limited visibility, and observer fatigue can all affect observer sighting success (i.e., perception
bias). Routine activities of marine mammals (e.g., diving duration patterns, pod size, overt behaviors)
show considerable variability between species, thereby affecting whether or not animals are sighted (i.e.,
availability bias). During nighttime operations, or during periods of reduced visibility, visual monitoring
of the impact zone becomes problematic.

c. Calculated Impact Zone

Based on the technical information pertinent to airgun systems provided in Appendix D, Section
II.LA - Seismic Sources, Airguns and the impact zone calculations (and assumptions) outlined in
Appendix E, Section I1.B.2 - Impact Zones and Real-Time Monitoring the distance from an acoustic
source (i.e., airgun array) to target isopleths (i.e., 160 and 180 dB re 1 pPa rms) can be estimated. The
significance of these isopleths is discussed further in Appendix B, Section V - Other Factors and
Considerations, along with the current efforts being undertaken by NMFS to establish appropriate
species-specific guidelines for acoustic exposure of various marine mammals to man-made sound.

Calculation of an impact zone radius relative to a seismic array must consider the array effect,
particularly for surface and near surface waters (i.e., from the horizontal plane to approximately
30° below the horizon; e.g., see Appendix C, Section III - Seismic Source Levels). Seismic arrays are
designed to direct the sound downward with maximum energy directed towards the seafloor and
minimum sound directed parallel to the array. The “array effect” (see Appendix D, Figure D-4) reduces
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sound source levels (in surface and near surface waters) from the array by 20 to 60 dB or more and is
frequency dependent. Richardson et al. (1995) note that sound pressure levels may propagate differently
in the horizontal direction, citing differing effective source levels perpendicular vs. parallel to the array
axis. The array effect may cause the target isopleth to be ellipsoid in shape (i.e., the isopleth is not a
perfect circle around the array) with many peaks and troughs superimposed on the ellipsoid. In light of
all of these factors, there is no single value that can be assigned to the array effect. Determination of a
precise value for the array effect is controversial, and a widely accepted value has neither been
determined nor agreed to by experts in the field. However, in order to simplify the analysis presented in
this PEA, a conservative estimate for the array effect has been established at 20 dB.

Further, airgun array sound source levels are typically expressed as zero-to-peak. Conversion
from zero-to-peak to root mean squared (rms) sound levels reduces the sound source level by
approximately 10 dB. Details of this calculation are outlined in Appendix C, Section III - Seismic
Source Levels.

Calculations under the assumption of free-field spherical spreading and the potential influence of
modified cylindrical spreading (i.e., 20log[R] and 15log[R], respectively) are detailed in Appendix C,
Section III - Seismic Source Levels. The transition from unbound 20log[R] spreading loss conditions to
something more complex (e.g., involving sound pulse reverberations from the seabed) is related to water
depth (i.e., estimated transition at 1.5 times the water depth). Additional assumptions and limitations
evident in these basic calculations also are outlined. Radial distances to the isopleths of interest are as
follows:

e Actual range to 180 dB re 1 uPa (rms) target isopleth = ~300m
e Actual range to 160 dB re 1 uPa (rms) target isopleth = ~3,000 m

Due to the sound source levels characteristic of G&G seismic systems being used in the GOM,
and because of the directional aspect of the airgun sound, marine mammals that may be present beneath
an array are at greater risk from sound exposure and its potential effects than those found at the same
distance from the array in surface or near the surface waters. The required use of visual monitoring
(under NTL No. 2004-G01) and ramp-up provides for establishment of a conservative impact zone.
Calculations presented in Appendix C (Section III - Seismic Source Levels) utilize an appropriate
sound transmission loss model. For G&G seismic operations in Gulf waters that are >200 m deep and all
OCS waters of the Eastern Planning Area, surface and near surface waters within a radial distance of
500 m around a seismic array should be kept clear of whales; in consideration of the basic calculations
presented above (i.e., range to 180 and 160 dB re 1 pPa [rms] target isopleths of ~300 and ~3,000 m,
respectively), whales and other marine mammals outside of the 500-m exclusion zone required under
NTL No. 2004-GO1 are not likely to be exposed to levels near 180 dB re 1 yPa (rms).

d. Observers’ Roles

Trained marine mammal observers placed aboard seismic vessels function in one of several ways.
When whales are observed (either within the 500-m impact zone or approaching the impact zone),
observers will call for the temporary shutdown of the airgun array. Under these conditions, observational
notes (e.g., species, abundance, overt behaviors) will be taken along with salient physical characteristics
(e.g., vessel location and direction of travel, array type and acoustic output, etc.). Resumption of survey
activities will occur when the whale has left the impact zone. Observers also will serve as monitors and
recorders, creating a database of information regarding numbers, types, and activity of marine mammals
in the vicinity of seismic vessels.
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In addition, observers will be required to monitor the impact zone for 30 min prior to powering up
a seismic array. This will ensure that marine mammals are not present within the impact zone, thereby
avoiding exposure to acoustic energy in close proximity to the array. Under those circumstances where
the impact zone cannot be fully observed for at least 30 min prior to seismic operations (e.g., during
nighttime or fog), operations should be suspended until the impact zone is clear.

e Species- or Group-Specific Sensitivities

In terms of overall sensitivity to G&G activities, baleen whales (e.g., Bryde’s) are possibly a
relatively “high risk” category amongst the Cetacea, as discussed in Appendix G, Section IL.A.1 -
Mysticetes, Behavioral Effects. Hearing sensitivity at low frequencies down to ~10 Hz is almost
certainly good, and many of the vocalizations of baleen whales occur in the low tens to a few hundred
Hertz, which implies functional hearing in this range. Similarly, sperm whales also vocalize as low as
100 Hz, with a similar implication regarding functional hearing capabilities.

Beaked whales, as represented by Blainville’s beaked whale, vocalize at <1,000 Hz. While this
group may not be as susceptible to low frequency airgun noise as sperm and Bryde’s whales, beaked
whales are deep divers. Therefore, there is potential for beaked whales undertaking prolonged deep dives
to enter the area beneath an array where maximum airgun energy is focused. As outlined in detail in
Appendix G, Section I1.C.2 - Odontocetes: Dwarf and Pygmy Sperm Whales, and Beaked Whales,
Physical Effects, beaked whales reportedly have been affected during a series of acoustic-related events
(e.g., March 2000 strandings in the Bahamas following possible exposure to high intensity,
mid-frequency sonar pulses; September 2002 strandings in the Canary Islands following naval
maneuvers). It is noteworthy that seismic pulses and mid-frequency sonar pulses are quite different (i.e.,
pulses from airgun arrays are broadband with most of the energy below 1 kHz; typical military
mid-frequency sonars operate at frequencies of 2 to 10 kHz, generally with a relatively narrow bandwidth
at any one time). Given that sonar and seismic sounds have quite different characteristics and duty
cycles, it is not appropriate to infer a direct connection between the use of sonar and seismic arrays with
subsequent strandings. Evidence suggests, however, that these sound sources may, under certain
circumstances, have a potential to lead to hearing damage and disorientation in sensitive species
(e.g., beaked whales).

In terms of airgun arrays and their maximal energy output (i.e., in the region of a few tens of
Hertz), there is clearly a good overlap between the expected frequencies of good hearing sensitivity (low
threshold) in these species and maximal airgun output at source.

4. Evaluation Relative to Purpose and Need

The Proposed Action meets the underlying need specified in PEA Section I. The current suite of
G&G activities provides the oil and gas industry with sufficiently accurate data on the location, extent,
and properties of hydrocarbon resources, as well as information on shallow geologic hazards and seafloor
geotechnical properties, in order to explore, develop, produce, and transport hydrocarbons safely and
economically. The current suite of G&G activities also provides the MMS with data needed to fulfill its
statutory responsibilities to ensure safe operations, to support environmental impact analyses, to protect
benthic resources through avoidance measures, to ensure fair market value for leases, to make royalty
relief determinations, to conserve oil and gas resources, and to perform other statutory responsibilities.
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C. ALTERNATIVE 2: ADDITION OF VESSEL-BASED PASSIVE ACOUSTIC
MONITORING AS A REQUIREMENT

Under this alternative, the existing suite of G&G activities would continue but with the
implementation of passive acoustic monitoring as an additional required mitigation measure. This
alternative is designed to meet the underlying need for G&G data while reducing environmental impacts
from seismic surveys.

1. G&G Activities Included
This alternative would include the same suite of G&G activities included in the Proposed Action.
2. Mitigation Measures Included

Existing mitigation measures (protective measures routinely specified in permit requirements,
lease stipulations, and NTLs) described previously for the Proposed Action also would be included in this
alternative. The following mitigation measure also would be added in this alternative: use of vessel-based
passive acoustic monitoring.

Rationale for Passive Acoustic Monitoring

Passive acoustic monitoring (i.e., no acoustic sources are used, only listening devices) can occur
either from a vessel-based system or from a hydrophone or sonobuoy array placed on the seafloor, or
both. For example, operations conducted in the Alaskan Beaufort Sea used both approaches, while a
sonobuoy array was used in the Santa Barbara Channel and hydrophones were employed in Puget Sound.
Mitigation measures implemented as part of recent seismic operations in U.S. waters have been
summarized in Appendix E (see Table E-2).

There are recognizable limitations to passive acoustic monitoring, including: 1) passive systems
only work for vocalizing whales (i.e., many animals are quiet much of the time, especially when
disturbed); 2) output from passive systems makes it difficult to determine the range to the vocalizing
animals when using a towed array; 3) passive systems cannot readily determine depth to vocalizing
animals; 4) for fixed hydrophones (ship or bottom mounted recorders, sonobuoys, ocean bottom cables),
the area of coverage/detection range may be limited by noise, requiring more sensors to cover a seismic
survey area; 5) passive systems require that the hydrophone arrays be towed behind the survey vessel (or
from an additional chase boat); and 6) hydrophone performance may be affected by tow speed and the
ship’s acoustic characteristics, effectively limiting the detection range. Trained personnel also are
required to operate the equipment and to interpret acoustic signatures.

As discussed under Alternative 3 (see PEA Section IL.D), the use of passive acoustics has
advantages over that of active acoustics in several ways, including: 1) longer ranges can be achieved;
2) passive systems are omnidirectional; 3) species can be potentially identified using a passive system by
their vocalization signature; 4) with passive systems, there are no acoustic footprints that could affect the
target animals; and 5) passive systems offer a more mature and affordable, though still developing,
technology.

3. Other Mitigation Measures Evaluated

The following mitigation measures were considered, but not included in this alternative, as
discussed in Appendix E (Section I1.B - Possible Mitigation Measures and Operational Restrictions):
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e seasonal restrictions;
e reduction of sound source levels; and
e sound baffling (to reduce high-frequency noise produced by airguns).

4, Evaluation Relative to Purpose and Need

This alternative meets the underlying need specified in PEA Section I. The current suite of G&G
activities provides the oil and gas industry with sufficiently accurate data on the location, extent, and
properties of hydrocarbon resources, as well as information on shallow geologic hazards and seafloor
geotechnical properties, in order to explore, develop, produce, and transport hydrocarbons safely and
economically. As noted previously, the current suite of G&G activities also provides the MMS with data
needed to fulfill its statutory responsibilities to ensure safe operations, to support environmental impact
analyses, to protect benthic resources through avoidance measures, to ensure fair market value for leases,
to make royalty relief determinations, to conserve oil and gas resources, and to perform other statutory
responsibilities.

However, the additional restrictions on seismic operations would involve additional costs and
delays to operators in obtaining seismic data. This alternative could slow OCS exploration and
development. Requirements for visual and acoustic monitoring in deep-water portions of the central and
western Gulf are more likely to affect OCS exploration and development because these are areas with a
high level of industry activity.

D. ALTERNATIVE 3: ADDITION OF BOTH PASSIVE AND ACTIVE ACOUSTIC
MONITORING AS REQUIREMENTS

Under this alternative, existing G&G activities would continue, but there would be
implementation of two additional requirements - use of both passive and active acoustic monitoring - for
seismic operations in the GOM. This alternative is designed to meet the underlying need for G&G data
while reducing environmental impacts from seismic surveys.

1. G&G Activities Included
This alternative would include the same suite of G&G activities included in the Proposed Action.
2. Mitigation Measures Included

Existing mitigation measures (protective measures routinely specified in permit requirements and
lease stipulations) described previously for the Proposed Action also would be included in this alternative.
The following mitigation measure also would be added in this alternative: use of both passive and active
acoustic monitoring.

Rationale for Passive and Active Acoustic Monitoring

Passive acoustic monitoring does not emit sounds (i.e., no acoustic sources are used, only
listening devices) and can occur either from a vessel-based system or from a hydrophone or sonobuoy
array, or both. Active acoustic monitoring utilizes sound (e.g., sonar) to locate submerged animals. As
noted under Alternative 2, there are several recent examples where this mitigation measure has been
applied. Operations conducted in the Alaskan Beaufort Sea used both approaches to passive acoustic
monitoring, while a sonobuoy array was used in the Santa Barbara Channel and hydrophones were
employed in Puget Sound. Mitigation measures implemented as part of recent seismic operations in U.S.
waters have been summarized in Appendix E (see Table E-2). There are recognizable limitations to
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passive acoustic monitoring, as noted previously. Determinations of range and bearing (e.g., are the
sources within the impact zone, are the sources approaching the impact zone, etc.) may be problematic.
Trained personnel are required to operate the equipment and to interpret acoustic signatures. From a
biological standpoint, not all marine mammal species vocalize.

The use of passive acoustics has advantages over that of active acoustics in several ways,
including: 1) longer ranges can be achieved; 2) passive systems are omnidirectional; 3) species can be
potentially identified using a passive system by their vocalization signature; 4) with passive systems,
there are no acoustic footprints that could affect the target animals; and 5) passive systems offer a more
mature and affordable, though still developing, technology.

The advantages of active acoustic monitoring (when compared to passive acoustic monitoring)
include: 1) active systems work with non-vocalizing or cryptic whales and those species that exhibit only
limited vocalization; 2) active systems can, in some cases, determine 3D range and bearing, including
depth of vocalizing animals; 3) active systems do not have to be placed behind survey vessel if sound
source and hydrophone/receiver are hull-mounted; and 4) active systems may involve less bulky
equipment, minimizing personnel required for handling and operation.

Active acoustic monitoring has several disadvantages, including 1) the active source may
potentially be more harmful than the sound source it is being used to mitigate; 2) active systems have
limited detection ranges depending on power and frequency; 3) active systems are unable to identify
species based purely on size; 4) active systems have a limited beam width and associated problems seeing
deep diving whales at close range; 5) active systems could potentially affect the behavior of the animals
themselves; 6) active systems require the use of a towfish, which might be larger than a passive acoustic
monitoring array; and 7) the current costs for development and deployment of active systems are higher.

3. Other Mitigation Measures Evaluated

Other mitigation measures were considered, but not included in this alternative, as discussed in
Appendix E (Section II - Mitigation Measures and Operational Restrictions).

4. Evaluation Relative to Purpose and Need

This alternative meets the underlying need specified in PEA Section I. Current G&G activities
provide the oil and gas industry with sufficiently accurate data on the location, extent, and properties of
hydrocarbon resources, as well as information on shallow geologic hazards and seafloor geotechnical
properties, in order to explore, develop, produce, and transport hydrocarbons safely and economically.

However, the additional restrictions on seismic operations would involve additional costs and
delays to operators in obtaining seismic data. This alternative could slow OCS exploration and
development in similar fashion to those noted under Alternative 2.

E. ALTERNATIVE 4: RESTRICT G&G SEISMIC SURVEY ACTIVITIES

Under this alternative, the existing suite of G&G activities would continue, but there would be
restrictions on seismic surveying operations in those portions of the GOM where sperm whales and
Bryde’s whales congregate. This alternative is designed to meet the underlying need for G&G data while
reducing even further any potential environmental impacts from seismic surveys.
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1. G&G Activities Included

This alternative would include the same suite of G&G activities included in the Proposed Action.

2. Mitigation Measures Included

Existing mitigation measures (protective measures routinely specified in permit requirements and
lease stipulations) described previously for the Proposed Action also would be included in this alternative.

3. Operational Restrictions Evaluated

While no additional mitigation measures would be added in this alternative, G&G surveying
operations would be subject to one or two operational restrictions, including

e Alternative 4A - prohibition of simultaneous seismic surveys by more than one G&G survey
vessel in those portions of the GOM most frequented by sperm and Bryde's whales.

Under Alternative 4A, the underlying purpose and need would be met, although limited economic
impact might occur under those conditions where two or more G&G operators wished to survey
simultaneously in those portions of the Gulf most frequented by sperm and Bryde’s whales.

The MMS is mandated to manage the development of OCS oil, gas, and mineral resources.
Among other things, MMS has a responsibility to ensure that OCS development occurs in an expeditious
and orderly fashion. Upon meeting appropriate Federal requirements, OCS lessees are legally entitled to
explore, develop, and produce oil and gas contained within their lease area. The lessee then must proceed
with “due diligence” in the exploration and development of their lease. Information gathered from G&G
activities is an important tool for the industry in meeting the above due diligence requirement for
exploration and development. As described earlier, industry needs this information in order to explore,
develop, produce, and transport hydrocarbons. MMS also needs this information in order to evaluate
resource potential and carry out its regulatory responsibilities. Therefore, forestalling such activities
would not serve the needs of industry or the MMS.

4. Evaluation Relative to Purpose and Need

While simultaneous seismic survey restrictions in sperm or Bryde’s whale congregation areas
(Alternative 4A) may impose limited hardship on the G&G industry, the underlying need will be met. In
contrast, the cessation of all seismic activities in sperm and Bryde’s whale areas (Alternative 4B) or
seasonal limitations in sperm whale areas both failed to meet fully the underlying need specified in
PEA Section I. The current suite of G&G activities provides the oil and gas industry with sufficiently
accurate data on the location, extent, and properties of hydrocarbon resources, as well as information on
shallow geologic hazards and seafloor geotechnical properties, in order to explore, develop, produce, and
transport hydrocarbons safely and economically. Further, the additional restrictions on seismic operations
would involve additional costs and delays to operators in obtaining seismic data. This alternative could
slow OCS exploration and development. Geographic restrictions would severely limit the ability of
geophysical contractors to acquire data, ultimately affecting industry’s ability to explore and develop
hydrocarbon resources on the GOM OCS. In view of these constraints, this alternative places undesirable
limits on collection of data the MMS needs to fulfill its statutory responsibilities to ensure safe operations,
to support environmental impact analyses, to protect benthic resources through avoidance measures, to
ensure fair market value for leases, to make royalty relief determinations, to conserve oil and gas
resources, and to perform other statutory responsibilities.
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F. SUMMARY AND COMPARISON OF ALTERNATIVES

A tabular comparison of the advantages and disadvantages of each alternative is presented in
Table II-5. A more detailed summary and comparison of alternatives is provided in PEA Section III
(see Table III-4) as part of a summary evaluation of potential impacts by resource. In addition,
consideration has also been given in PEA Section III to possible combinations of mitigation measures
and operational restrictions on a Gulf-wide basis, or select application of mitigation measures and
operational restrictions on a geographic basis (i.e., hybridizations). The summary discussion of impacts at
the end of PEA Section I1I considers further the advantages and disadvantages of such hybridization.



Table II-5

Comparison of Alternatives — Advantages and Disadvantages

Alternative

Comparisons

Advantages

Disadvantages

1 — Continuation of the
Status Quo (No Action)

2 — Addition of
Vessel-Based Passive
Acoustic Monitoring as
a Requirement

Meets Purpose and Need. Under NTL No. 2004-GO1, geological
and geophysical operators conducting surface seismic surveys' in all
Gulf of Mexico outer continental shelf (OCS) waters >200 m deep
must use visual monitoring and ramp-up; geophysical operators
conducting surface seismic surveys in OCS waters <200 m deep in
the Eastern Planning Area also must use visual monitoring and
ramp-up. Visual monitoring is based on maintaining a 500-m (radial
distance) exclusion zone that is clear of whales (all marine mammals
in the Gulf of Mexico exclusive of dolphins and manatees).
Ramp-up, the gradual increase in acoustic output from a seismic
array, provides an opportunity for whales, other marine mammals,
and sea turtles to leave the area, avoiding maximum acoustic output
and possible physiological damage. If whales are spotted either
within the exclusion zone, or heading into the exclusion zone,
trained observers call for immediate shutdown or powering down® of
the system. This provides the basis for immediate system shutdown
or powering down of the system until the exclusion zone is clear.
Meets Purpose and Need. Provides additional data regarding whale
presence, and a basis for system shutdown or powering down (see
footnote 1) until the exclusion zone is clear. Passive acoustic
monitoring is based on reception/interpretation of whale
vocalizations, regardless of visual monitoring limitations. If a whale
is identified (via passive acoustic or visual monitoring methods)
either within the exclusion zone, or heading into the exclusion zone,
observers call for immediate system shutdown or powering down of
the system.

NTL No. 2004-G01 not in effect in OCS waters <200 m
deep, except in the Eastern Planning Area. In OCS
waters >200 m deep throughout the Gulf and OCS waters
<200 m deep in the Eastern Planning Area, potential for
minor delays in surveying operations (i.e., 30 min of
visual monitoring prior to ramp-up), with associated cost
ramifications. Ramp-up is not a proven mitigation
measure, only a common sense measure.  Visual
monitoring effectiveness is limited by perception and
availability biases (e.g., daylight hours with good
visibility; low [Beaufort] sea state; surface activity by
whales, recognition by observers). Requires trained
personnel. Acceptable observation periods limited to
daylight hours with no fog, low sea state, and limited sun
glare. Nighttime vision aids have not proven to be
reliable.

Limited to those species known to vocalize. Intermittent
vocalization a problem, as is the determination of bearing
and distance to the source. Passive acoustic monitoring
cannot be used during surveying, only prior to ramp-up or
during vessel turns (if acoustic sources are not being
used). Requires trained personnel.
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Table II-5

Comparison of Alternatives — Advantages and Disadvantages

(Continued)

Alternative

Comparisons

Advantages

Disadvantages

3 — Addition of Both Passive
and Active Acoustic
Monitoring as
Requirements

Meets Purpose and Need. Provides additional data for determination
of whale presence, and a basis for system shutdown or powering
down of the system (see footnote 1) until the exclusion zone is clear.
Passive acoustic monitoring is based on reception/interpretation of
whale vocalizations. Active acoustic monitoring is based on active
sonar emissions. If a whale is identified (via visual, passive
acoustic, or active acoustic monitoring methods) either within the
exclusion zone, or heading into the exclusion zone, observers call for
immediate system shutdown or powering down of the system.

Passive acoustic monitoring is limited to those species
known to vocalize. Intermittent vocalization is a
problem, as is the determination of bearing and distance
to the source. Passive acoustic monitoring cannot be
used during surveying, only prior to ramp-up or during
vessel turns (if acoustic sources are not being used).
Active acoustic monitoring has not yet been fully tested,
there are limitations associated with accurate
determination of range and depth of marine mammal

species. Active sources may be more harmful than the
sound source being mitigated. Requires trained
personnel.
4 — Restrict G&G Survey
Activities
4A — No simultaneous
surveying in sperm
and Bryde’s whale
areas

Meets Purpose and Need. Reduces or eliminates the possibility of
multiple acoustic sources adversely affecting sperm and Bryde’s
whales.

May produce limited hardship only under those
circumstances where two or more operators wish to
survey simultaneously.

! Borehole seismic surveys differ from surface seismic surveys (i.e., smaller airgun arrays, average survey time of 12-24 h, sound source usually not moving, requires the capability of moving the
receiver in the borehole between shots). Altered mitigations apply only to borehole seismic surveys, including a) during daylight hours, when visual observations of the exclusion zone are being
performed as required in this NTL, borehole seismic operations will not be required to ramp-up for shutdowns of 30 min or less in duration, as long as no whales, other marine mammals, or sea turtles
are observed in the exclusion zone during the shutdown. If a whale, other marine mammal, or sea turtle is sighted in the exclusion zone, ramp-up is required and may begin only after visual surveys
confirm that the exclusion zone has been clear for 30 min; b) during nighttime or when conditions prohibit visual observation of the exclusion zone, ramp-up will not be required for shutdowns of
20 min or less in duration. For borehole seismic surveys that utilize passive acoustics during nighttime and periods of poor visibility, ramp-up is not required for shutdowns of 30 min or less;
¢) nighttime or poor visibility ramp-up is allowed only when passive acoustics are used to ensure that no whales are present in the exclusion zone (as for all other seismic surveys). Operators are
strongly encouraged to acquire the survey in daylight hours when possible; d) protected species observers must be used during daylight hours, as required in this NTL, and may be stationed either on the
source boat or on the associated drilling rig or platform if a clear view of the sea surface in the exclusion zone and adjacent waters is available; e) all other mitigations and provisions for seismic surveys
as set forth in this NTL will apply to borehole seismic surveys.

2 Under NTL No. 2004-G01, when a whale is sighted within or heading towards the exclusion zone (i.e., within an estimated 500 m of the sound source array), the array must be shut down. The vessel
may continue on its course, but all airgun discharges must cease. The vessel operator must comply immediately with such a call by an on-watch visual observer. When no whales are sighted for at least
a 30-min period, ramp-up of the source array may begin. Ramp-up cannot begin unless conditions allow the sea surface to be visually inspected for whales for 30 min prior to commencement of
ramp-up, unless passive acoustic monitoring is used (i.e., ramp-up cannot begin after dark or in conditions that prohibit visual inspection [fog, rain, etc.] of the exclusion zone). Any shutdown due to a
whale sighting within the exclusion zone must be followed by a 30-min all-clear period and then a standard, full ramp-up. Any shutdown for other reasons, including, but not limited to, mechanical or
electronic failure, resulting in the cessation of the sound source for a period greater than 20 min, also must be followed by full ramp-up procedures. In recognition of occasional, short periods of the
cessation of airgun firing for a variety of reasons, periods of airgun silence not exceeding 20 min in duration will not require ramp-up for the resumption of seismic operations if a) visual surveys are
continued diligently throughout the silent period (requiring daylight and reasonable sighting conditions), and b) no whales, other marine mammals, or sea turtles are observed in the exclusion zone. If
whales, other marine mammals, or sea turtles are observed in the exclusion zone during the short silent period, resumption of seismic survey operations must be preceded by ramp-up.
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III. ENVIRONMENTAL IMPACTS
A. INTRODUCTION
1. Significance Criteria

The objectives of the impact analysis are 1) to determine whether G&G activities have significant
impacts on the marine, coastal, or human environments of the GOM; and 2) to identify significant
impacts, if any, for further NEPA analysis.

For the impact analysis, resource-specific significance criteria were developed for each category
of the affected environment. The criteria reflect consideration of both the context and intensity of impact
(40 CFR 1508.27). Criteria for marine mammals and sea turtles reflect the Federal protected status of all
species occurring in the GOM. Adverse impacts are classified into one of three levels:

e significant adverse impact (including those that could be mitigated to non-significance);
e adverse but not significant impact; or
e negligible impact.

Significance criteria presented in this analysis, reflecting accepted threshold levels for
significance (i.e., thresholds are resource-specific), are based on a recent EIS (USDOI, MMS, 2001b) for
proposed floating production, storage and offloading (FPSO) systems being considered in the deep-water
regions of the GOM. Impacts are also categorized as direct or indirect. No beneficial impacts (either
significant or non-significant) have been identified. Cumulative impacts are discussed in a separate
section under each resource.

2. Preliminary Screening

After a review of previous environmental assessments (EAs) and EISs (e.g., USDOI, MMS,
1996, 1997a,b, 1999, 2000, 2001a,b, 2002a,b) and relevant literature pertinent to historic and projected
OCS activities (e.g., Baud et al., 2002), the following resources were initially considered for impact
analysis:

e marine mammals (including ESA listed species1 and strategic stocksz);
e sea turtles (all are ESA listed species);

' The NMFS and the U.S. Fish and Wildlife Service (USFWS) are responsible for designating “listed species” —
those species formally designated (or under consideration, potentially to be designated) as endangered (E) or
threatened (T) (including E or T [S/A] species, for similarity in appearance), pursuant to the ESA of 1973, as
amended. Once listed, the precarious status of that species is formally recognized, and various requirements are
triggered (e.g., consultation with appropriate agencies, restrictions on “take” [see Appendix B], recovery plan
development).

> NMFS is responsible for managing stocks of cetaceans and pinnipeds under the MMPA of 1972. In the MMPA,
the term “stock” means a group of marine mammals of the same species or smaller taxa in a common spatial
arrangement that interbreed when mature. Some GOM cetacean stocks are classified as strategic. Strategic stocks
are those that are 1) subject to a level of direct human-caused mortality that exceeds their Potential Biological
Removal (PBR) level (defined in Appendix F, Section 1.A.1.5 — Abundance Estimates); 2) declining and thus
likely to be listed as threatened species under the ESA within the foreseeable future; and/or 3) currently listed as
endangered or threatened species under the ESA. The latter would include the sperm whale and manatee. Other
strategic stocks within the Gulf are four species of beaked whales; the short-finned pilot whale; and bay, sound,
and estuarine communities of the bottlenose dolphin.
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fishes (including listed species and ichthyoplankton);
commercial and recreational fisheries;

coastal and marine birds (including ESA listed species);
benthic communities;

cultural resources;

military uses;

recreational and commercial diving;

marine transportation;

geology/sediments; and

air and water quality.

A preliminary screening was conducted to focus the impact analysis on those G&G activities and
resources with potential for non-negligible impacts. First, a matrix was prepared to identify impact agents
associated with each type of G&G activity (Table I1I-1). The impact agents are 1) airgun noise; 2) sonar
noise; 3) seafloor disturbance; 4) vessel traffic; 5) towed streamers; and 6) aircraft traffic. A second
matrix was prepared to identify resources potentially affected by each type of G&G activity (Table I11-2).
In this preliminary analysis, the level of impact associated with each interaction was categorized as
no impact (i.e., no measurable impact to a resource evident), negligible impact (i.e., measurable but
relatively minor impact to a resource predicted), or potentially adverse impact (i.e., measurable impact to
a resource predicted).

The preliminary screening indicates that most G&G activities have negligible impact or
no impact. The following G&G activities do not require further analysis because they are expected to
have a negligible impact (or no impact) on the environment:

o All of the remote sensing methods (radar imaging, aeromagnetic surveys, gravity surveys,
gravity gradiometry, and marine magnetic surveys). These involve only a small amount of
vessel and/or aircraft traffic and are considered to have little or no environmental impact on
any resource.

o FElectromagnetic surveys (MT and bi-pole methods). In addition to small amounts of ship
traffic, these surveys involve only minor disturbance to the seafloor (temporary placement of
receiver boxes on the bottom). Potential impacts are negligible.

The following resources were determined to have negligible or no impacts and are not considered
further:

e Cultural resources. Of the G&G activities under consideration, only geological and
geochemical sampling (bottom sampling and shallow coring) could adversely affect
shipwrecks and prehistoric sites. These sites are most likely to occur inshore of the 45-m
isobath (see Appendix F, Section II.C - Cultural Resources). Bottom sampling and
shallow coring occur both prelease (as an exploratory tool) and postlease after a shallow
hazards survey of a lease block has been conducted, which would identify potential
archaeological sites. Under lease stipulations, lessees are required to report discovery of any
archaeological resource to the MMS and take precautions to protect the resource from
operational activities (see Appendix E, Section II.A.2 - Stipulations and Protective
Measures). This required mitigation has proven effective over many years, and no adverse
impacts are anticipated.



Table II1-1

Potential Impact Agents Associated with Geological and Geophysical (G&G) Activities

Airgun Noise  Sonar Noise  Seafloor Disturbance ~ Vessel Traffic =~ Towed Streamers  Aircraft Traffic

Seismic Surveys

High-resolution site surveys X -- -- X X --

Streamer surveys (high-resolution, 2D, X -- -- X X --

3D, multi-ship)

Ocean bottom cable surveys X - X X - —

Vertical cable surveys X - X X - -

Vertical seismic profile surveys X - - X - -
Deep-Tow Side-Scan Sonar Surveys -- X -- X - -
Electromagnetic Surveys
Magneto-telluric method - - X X - -

Bi-pole method -- - X X - -
Geological and Geochemical Sampling

Bottom sampling -- -- X X - -

Shallow coring -- -- X X - -
Remote Sensing

Radar imaging -- - - - - -

Aeromagnetic surveys -- - - - - X

Gravity surveys -- - -- X - X

Gravity gradiometry -- -- -- X - -
Marine magnetic surveys - - - X - -

X — indicates that the G&G operation normally produces the designated impact agent.
-- — indicates that the G&G operation does not normally produce the designated impact agent.

SI.?Z?dM/l[ [PIUIMUOAIAUT]

€-11



Table III-2
Preliminary Screening of Potential Impacts

Resource of Activity

el

o . Commercial ~ Coastal . N Recreational . Airand
Activity Marine Sea Fishes anq anfi Bentth:. Cultural Military and ' Marine ‘ Ge(?logy/ Water
Mammals  Turtles Regreatlpnal Mgrme Communities  Resources Uses Commer01al Transportation  Sediments Quality
Fisheries Birds Diving
Seismic Surveys
Streamer surveys (high-resolution, X X X X o - -- -- o o -- 0
2D, 3D, multi-ship)
Ocean bottom cable surveys X X X X o o -- - o o o o
Vertical cable surveys X X X X o o - - o o o o
Vertical seismic profile surveys X X X o 0 -- - - 0 0 -- 0
Deep-Tow Side-Scan Sonar Surveys o o o o - -- -- -- o - -- o
Electromagnetic Surveys
Magneto-telluric method -- -- -- -- -- 0 -- -- - -- o 0
Bi-pole method -- -- -- - - o -- -- -- - o o
Geological and Geochemical
Sampling
Bottom sampling -- -- -- -- -- 0 0 - - - 0 0
Shallow coring -- -- - -- -- 0 0 - - -- 0 0
Remote Sensing
Radar imaging -- -- -- - -- - -- -- -- -- -- -
Aeromagnetic surveys - - - - - - - - - - - 0
Gravity surveys - - - -- -- - -- -- -- -- -- o
Gravity gradiometry -- -- -- - -- - -- -- -- - -- o
Marine magnetic surveys -- -- -- - -- - -- -- -- -- -- o

X —indicates potentially adverse impact (i.e., measurable impact to a resource predicted).
o — indicates negligible impact (i.e., measurable but relatively minor impact to a resource predicted).
-- — indicates no impact (i.e., no measurable impact to a resource evident).

SI.?UdW[ [DIUIMUOAIAUT]
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e Military uses. All military activities in the GOM OCS occur within warning areas designated
by the Department of Defense. Lessees and permittees conducting G&G operations are
required to coordinate with the appropriate military command. This required multi-use
conflict mitigation has proven effective over many years, and no adverse impacts are
anticipated.

e Recreational and commercial diving. Given current levels of recreational and commercial
diving activity’ in the GOM, G&G activities have the potential to affect commercial and
recreational divers via airgun and sonar noise and vessel traffic (PEA Table 1I-2). Several of
the acoustic sources used in typical G&G seismic activities exceed the 150 dB re 1 pyPa
recommended maximum sound level for dive sites at their source’. With the exception of
limited and localized VSP surveys, seismic surveys are not routinely conducted close to
platforms or anchored dive vessels, where their large towed streamer arrays might entangle
divers or facility components (e.g., risers, anchor buoys, etc.). Streamers also are equipped
with radar reflectors that can be detected and avoided by dive boats in the vicinity. Due to
spreading and transmission losses, and the fact that seismic sources are designed to direct
their energy downward (towards the seafloor), sound source levels diminish horizontally with
increasing distance in the water column. The effects of continuous sound and sound intensity
on human divers have been documented’. It is highly unlikely that commercial or
recreational divers would be close enough to repetitive, intermittent, and localized seismic
survey sources to experience adverse impacts. Given these factors (i.e., limited survey
activity in close proximity to platforms, sound attenuation with distance, studies of
underwater noise and their effects on divers), impacts to divers and dive boats from seismic
survey vessels are considered to be negligible.

e Marine transportation. All G&G vessel activities are conducted according to the navigation
rules of the U.S. Corps of Engineers and the U.S. Coast Guard. G&G vessel traffic uses
existing shipping lanes and routes, including the Gulf Intracoastal Waterway. Seismic
surveys are not conducted within shipping lanes where large towed streamer arrays might

3 There are nearly 2,500 commercial divers employed in the U.S. (Occupational Employment Statistics, 1999), with
the majority working in the GOM. Most commercial diving activity in the Gulf is centered around installation,
maintenance, or removal of offshore oil platforms and pipelines. For recreational diving, there are hundreds of
dive shops catering to several thousand recreational divers in Gulf states. Recreational diving activity in the
eastern Gulf is associated with the reefs and hard bottom areas seen along the west Florida continental shelf. In the
central and western Gulf, recreational diving is primarily realized on wrecks, around oil platforms, and on
topographic highs (e.g., Flower Garden Banks).

Three main human physiological symptoms can be associated with exposure to continuous, high intensity, low
frequency sound sources, including 1) sensory nervous system disruption through the epidermis (i.e., increased
vibrotactile sensitivity; the frequency response prompting this condition peaks at ~250 Hz), resulting in tingling
and numbness in the diver’s extremities; 2) acoustically forced vibration of gas pockets in the gastrointestinal tract,
which causes abdominal discomfort; and 3) temporary threshold shift (TTS) in hearing caused by intense or
prolonged high sound levels. Other effects such as arterial resonance and lung hemorrhaging are possible, but are
rarely seen in instances where explosive devices are not in use (United Nations Educational, Scientific, and
Cultural Organization, 1996).

Steevens et al. (1997) summarized studies that showed no indication of adverse effects in divers exposed to
continuous, low frequency (240 Hz) underwater sound levels ranging from 130 to 190 dB, with exposure ranging
from 4 to 15 min. Seismic operations employ intermittent, repetitive sound pressure levels of 215 to 240 dB re
1 uPa (zero-to-peak), with attenuation to 160 or 180 dB (rms) levels at hundreds to thousands of meters from the
sound source (see Appendix C, Section III - Seismic Source Levels). Ranges where received sound levels from
typical seismic equipment used in the GOM exceed 190 dB are extremely limited, estimated at tens of meters from
the seismic array (see Appendix C, Section III for calculations of radial distance).
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affect shipping traffic. Streamers have a radar reflector that can be detected by other vessels
in the vicinity of seismic surveys. Impacts on marine transportation are negligible.

e Geology and sediments. Of the G&G activities under consideration, only geological and
geochemical sampling (bottom sampling and shallow coring) could adversely affect
sediments.  Alteration of ambient sediments could be expected via surficial sediment
disturbance, resuspension, and creation of minor surficial features (e.g., gouges, holes,
depressions, etc.). The total seafloor area disturbed during these activities annually is much
less than 1% of the area of a single lease block. Further, geological and geochemical
sampling will have no effect on local or regional geology. Other activities such as bottom
cable surveys, vertical cable surveys, and electromagnetic surveys involve temporarily
placing instruments on the seafloor, but no adverse impacts are anticipated. The impacts on
geology and sediments are negligible.

e Air and water quality. Ships and aircraft involved in G&G activities produce air pollutant
emissions. Survey vessels discharge treated sanitary and domestic wastes from U.S. Coast
Guard-approved sanitation units. Impacts on water and air quality are negligible.

The preliminary screening indicates that seismic surveys have potentially adverse impacts on
marine mammals, sea turtles, fishes, and commercial and recreational fisheries. The rest of the impact
analysis focuses mainly on these categories. Two other resources with negligible impacts (coastal and
marine birds, and benthic communities) are also discussed briefly due to the potential for adverse impacts
that have been reduced to a non-significant level by existing mitigation measures.

B. MARINE MAMMALS
1. Affected Environment

Twenty-nine species of marine mammals are known to occur in the GOM (Table III-3; sce
Appendix F, Section I.A - Marine Mammals for further information). There are 28 cetacean species,
which include 7 mysticete (baleen whales) and 21 odontocete (toothed whales and dolphins) species; and
one sirenian species, the West Indian manatee. Their population status is indicated using the following
categories (adapted from Wiirsig et al., 2000):

e Common: a species that is abundant and widespread throughout the region in which it occurs.
Uncommon: a species that does not occur in large numbers, and may or may not be widely
distributed throughout the region in which it occurs.

e Rare: a species present in such small numbers throughout the region that it is seldom seen.
Extralimital: a species known on the basis of few records that are probably the result of
unusual movements of few individuals into the region.

Mysticetes (baleen whales) other than Bryde’s whale are considered extralimital or rare in the
Gulf (Wiirsig et al., 2000). Bryde’s whale is the most frequently sighted baleen species in the Gulf,
though considered uncommon. Strandings and sightings data suggest that this species may be present
throughout the year, generally in the northeastern Gulf near the 100-m isobath between the Mississippi
River delta and southern Florida (Davis et al., 2000; Wiirsig et al., 2000).



Table I11-3
Marine Mammals of the Gulf of Mexico

Scientific Name Common Name Managenllent Populatlzo n Scientific Name Common Name Managen]lent Populatlzo n
Status Status Status Status
ORDER CETACEA WHALES AND DOLPHINS Family Delphinidae Dolphins (Delphinids)
SUBORDER MYSTICETI BALEEN WHALES Stenella frontalis Atlantic spotted dolphin none 4
Family Balaenidae Right whales Tursiops truncatus Bottlenose dolphin none 4
Eubalaena glacialis Northern right whale E,S 1 Stenella clymene Clymene dolphin none 4
Family Balaenopteridae Rorquals Pseudorca crassidens False killer whale none 3
Balaenoptera musculus Blue whale E,S 1 Lagenodelphis hosei Fraser's dolphin none 4
Balaenoptera edeni Bryde’s whale none 3 Orcinus orca Killer whale none 3
Balaenoptera physalus Fin whale E,S 2 Peponocephala electra Melon-headed whale none 4
Megaptera novaeangliae Humpback whale E,S 2 Stenella attenuata Pantropical spotted dolphin none 4
Balaenoptera acutorostrata Minke whale none 2 Feresa attenuata Pygmy killer whale none 3
Balaenoptera borealis Sei whale E,S 2 Globicephala macrorhynchus Short-finned pilot whale S 4
SUBORDER ODONTOCETI = TOOTHED WHALES/DOLPHINS Grampus griseus Risso’s dolphin none 4
Family Physeteridae Sperm whales Steno bredanensis Rough-toothed dolphin none 4
Physeter macrocephalus Sperm whale E,S 4 Stenella longirostris Spinner dolphin none 4
Family Kogiidae Pygmy and dwarf sperm whales Stenella coeruleoalba Striped dolphin none 4
Kogia breviceps Pygmy sperm whale none 4 ORDER SIRENIA DUGONGS AND MANATEES
Kogia simus Dwarf sperm whale none 4 Family Trichechidae Manatees
Family Ziphiidae Beaked whales Trichechus manatus latirostris Florida manatee E 24
Mesoplodon densirostris Blainville's beaked whale S 2-4° Trichechus manatus manatus Antillean manatee E 2
Ziphius cavirostris Cuvier’s beaked whale S 2-4°
Mesoplodon europaeus Gervais’ beaked whale S 3
Mesoplodon bidens Sowerby’s beaked whale S 1

! Management status: E = endangered under the Endangered Species Act of 1973; S = strategic stock under the Marine Mammal Protection Act of 1972, as indicated by Waring et al. (1999).
2 Population status: 1 = extralimital; 2 = rare; 3 = uncommon; 4 = common (adapted from Wiirsig et al., 2000).
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* Determining the population status of Blainville’s and Cuvier’s beaked whales and dwarf and pygmy sperm whales (Kogia), which occur in the Gulf of Mexico, is problematic. Wiirsig et al. (2000) classify the
presence of Blainville’s and Cuvier’s beaked whales in the Gulf as rare. The National Marine Fisheries Service (NMFS) notes that beaked whales are difficult to identify to species, they are hard to see, and
they occur in small groups. In general, only Cuvier’s beaked whales and adult male Blainville’s beaked whales can be identified in the field. Nevertheless, NMFS suggests that sightings of beaked whales and
Kogia in the Gulf are not rare or that uncommon. During all NMFS aerial and ship surveys combined, there have been sightings of about 75 beaked whale groups (15 as Cuvier’s beaked whale, 36 as
Mesoplodon spp., 2 as Blainville’s beaked whale, and 22 as unidentified ziphiids). While these sightings are widely distributed in the deep waters of the northern Gulf, because they occur in small groups
(usually <4 to 6), the abundance of each beaked whale category is low compared with species with a similar number of sightings that occur in much larger groups. Another factor to consider is the sightability
of beaked whales and Kogia; they rarely leap out of the water or splash at the surface and are difficult to see unless seas are very calm (Beaufort sea state 0, 1). While a quantitative analysis has not been
performed, in general, as the sea state decreases, the number of beaked whale sightings increases. The majority of NMFS surveys have been conducted in sea states that are not optimal for sighting beaked
whales. Therefore, NMFS suggests that Blainville’s and Cuvier’s beaked whales are at least uncommon, and depending on how abundance is viewed (group sightings or number of individuals), may in fact,
along with Gervais’ beaked whale, be common. Because of the difficulties distinguishing Gervais’ and Blainville’s beaked whale, it may be that if one species is truly rare, the other is without doubt common
or uncommon. On the basis of the frequency of their sightings, the Marine Mammal Commission considers Kogia as common in the northern Gulf.

* Excluding the Florida coast, the Florida manatee is considered rare in the northern Gulf of Mexico.
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Most of the odontocetes are considered common. The population levels of certain odontocete
species in the Gulf, such as beaked whales and dwarf and pygmy sperm whales, have historically been
difficult to assess accurately. Historical sighting records of these species suggest they have widespread
distributions. They are believed to be deep-diving animals and therefore may spend extended periods of
time below the surface. These species also tend to occur or are commonly sighted as solitary individuals
or in relatively small group sizes that are usually not visibly demonstrative while on the surface (e.g.,
leaping or creating splash). Anecdotal evidence suggests that beaked whales shy away from vessels.
Therefore, these species may not always be seen during field survey efforts, especially in conditions of
elevated sea states or sunlight glare (reflection) on the sea surface. Consequently, the estimated
population densities of these species in the Gulf are likely to be underestimated. Sightings data collected
from recent, deep-water surveys in the Gulf, along with historic strandings data, suggest that the status of
beaked whales in the Gulf may range from extralimital (in the case of Sowerby’s beaked whale) to
uncommon or common. Dwarf and pygmy sperm whales are considered uncommon to common in the
Gulf (Wiirsig et al., 1996).°

The sperm whale is the only endangered species of marine mammal likely to come in contact
with offshore G&G seismic activities in the GOM. Sperm whales are the most common large whale in
the GOM. Survey data suggest that they are most concentrated over and around the 1,000-m depth
contour south of the Mississippi River delta and at similar depths off southeast Florida, near the Dry
Tortugas. Historic sightings and strandings data suggest that sperm whales may be resident (i.e., their
occurrence is persistent or recurrent) within the GOM, though details of their seasonal movements remain
unclear (Davis et al., 2000; Wiirsig et al., 2000). Seven mysticete species may occur in the Gulf;
however, six species are considered rare or extralimital (i.e., northern right, blue, fin, humpback, minke,
and sei whales; Jefferson, 1995; Jefferson and Schiro, 1997). One mysticete species (i.e., Bryde’s) is
considered to be uncommon (Wiirsig et al., 2000). One endangered sirenian species, the West Indian
manatee (including two subspecies, the Florida and Antillean manatees) inhabits only coastal marine,
brackish, and freshwater habitats.

No areas of critical habitat have been designated for the sperm whale or any mysticetes in the
GOM. The Florida manatee has two critical habitats in the GOM: Crystal River and southwest Florida
from around Tampa Bay south to the southwestern tip of the state (USDOI, USFWS, 1996). In addition,
nearshore areas from Crystal River to Apalachicola, and from Sarasota south to the southwestern tip of
Florida, are identified as migratory routes for Florida manatees.

2. Impacts of Routine Activities - Alternative 1 (Proposed Action)

Impact agents associated with routine G&G seismic activities that may affect marine mammals
include noise from seismic surveys and deep-tow side-scan sonar surveys, and vessel traffic from various
types of G&G surveys. The following sections address impacts from seismic surveys, side-scan sonar
surveys, and vessel traffic in general.

% Determining the population status of Blainville’s and Cuvier’s beaked whales that occur in the GOM is
problematic. Wiirsig et al. (2000) classify their presence in the Gulf as rare. In contrast, NMFS notes that beaked
whales are difficult to identify to species, they are hard to see, and they occur in small groups (see Table III-3
footnote ¢ and Appendix F, Section I.A — Marine Mammals). NMFS suggests that Blainville’s beaked whale
and Cuvier’s beaked whale are at least uncommon and depending on how abundance is viewed (group sightings or
number of individuals), may in fact, along with Gervais’ beaked whale, be common. Wiirsig et al. (2000) consider
Kogia to be uncommon, while the Marine Mammal Commission (MMC) considers this group to be common in the
northern GOM.
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a. Seismic Surveys
1) Vessel Noise

The primary sources of sounds from all power vessel classes include propeller cavitation and
“singing,” hull noises, and machinery noises. Propeller cavitation is usually the dominant noise source of
vessels underway, though these noise levels may be exceeded if the vessel is powered by medium- to
high-speed diesel engines (Ross, 1976). Propeller singing is a resonant vibration noise of a moving
propeller. Propulsion machinery noises originate from a diverse array of mechanical sources within the
hull. In addition, other noises include flow noise from water dragging along the hull and bubbles
breaking in the vessel’s wake. Larger vessels, like seismic survey vessels, tend to produce stronger and
lower-frequency sounds up to approximately 50 Hz. The effects of moving seismic vessels on marine
mammals (originating from vessel movement, noise, or both) are difficult to assess with accuracy, based
on the wide array of observed behavioral responses to moving vessels, both between species and among
species. Generally, it is conservative to suggest that noises associated with seismic survey vessel traffic
may occasionally elicit behavioral changes in marine mammals that are in proximity to the vessel. These
behavioral changes may include some evasive maneuvers such as diving or changes in swimming
direction but are not expected to adversely impact these species. Several species of marine mammals
(e.g., dolphins) also are attracted to vessels for bowriding activity. Under these circumstances, vessel
noise may be attracting these species. Anecdotal evidence of bowriding during active airgun operations
suggests, for such species, that the vessel itself may produce a sound shadow at the surface of the water
near the bow, that vessel and seismic noise produce no adverse impact, and/or that the benefits from
bowriding exceed any adverse impact associated with noise.

2) Seismic Noise

Seismic surveys were identified as a primary concern at the Marine Protected Species Workshop
held by MMS in New Orleans in 1999. Concerns focused on the amount of noise-producing activity that
occurs in the Gulf, changes in levels and characteristics of ambient noise, the level of duplication of
seismic survey effort, and whether seismic operations have already affected the response, distribution,
abundance, or productivity of species or stocks. The concern is illustrated by the observation made
during multi-year acoustic surveys conducted under the MMS-sponsored North-Central and Western
GOM Cetacean Study (also known as “GulfCet I and II”) that the percent of survey effort with seismic
signals present increased from 10% to 34% between 1991-1994 and 1996-1997 (Notris et al., 2000). This
increase coincidentally corresponds to higher numbers of seismic surveys during the same period, as
indicated previously in PEA Table II-4. A preliminary analysis of previous seismic survey activity and
projections of future activity levels (see PEA Section II.B.2 - Level of Activity and Appendix D,
Section V - Level of Activity) suggests that seismic operations follow a cycle, further suggesting that
ensonification (i.e., introduction of anthropogenic noise) of the marine environment from seismic sources
is also cyclic.

Potential impacts of seismic surveys on marine mammals have been reviewed by Richardson et
al. (1995), Gordon et al. (1998), and Davis et al. (1998). A literature review and discussion of potential
impacts is presented in Appendix G. A key point is that almost all impacts of seismic surveys have been
inferred or assumed by implication rather than observed. There have been no documented instances of
deaths, physical injuries, or auditory (physiological) effects on marine mammals from seismic surveys.
Behavioral responses have been observed in many instances, primarily in mysticetes. However, the
biological importance of such behavioral responses (i.e., to the individual animals and populations
involved) has not been determined.
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Richardson et al. (1995) defined four zones of potential noise effects on marine mammals (in
order of decreasing severity):

Hearing loss, discomfort, and injury (physical effects);
Masking;

Responsiveness (behavioral effects); and

Audibility.

These categories provide a useful framework for discussing impacts of seismic surveys on GOM
marine mammals. Audibility per se is not an impact and will not be discussed; however, audibility that
leads to responsiveness has been addressed in this analysis. The impact analysis focuses on those species
groups most likely to come into contact with seismic operations in the GOM. These are Bryde’s whale
(the only mysticete likely to occur in the Gulf, although characterized as uncommon), sperm whale, dwarf
and pygmy sperm whales, beaked whales, and delphinids. Manatees are excluded from the analysis;
because of their coastal habitat, they are highly unlikely to come in contact with seismic survey activities
other than coastal vessel traffic (addressed later in a separate section).

3) Hearing Loss, Discomfort, and Injury

Physical impacts of seismic survey noise may range from temporary hearing impairment to gross
physical injury. Unlike explosives that produce omnidirectional pressure pulses, sound energy emitted
from seismic airgun arrays is focused downward (see Appendix D, Section II - Seismic Sources).
Studies have shown that gross physical damage, usually in the form of organ injury, is closely correlated
with the positive acoustic impulses generated from an underwater explosion (Richardson et al., 1995).
Considering the much lesser strength of acoustic impulses and the downward focus of seismic airgun
arrays, it is unlikely seismic sources could produce gross physical damage in marine mammals. Such
effects, if they were to occur, would be limited to animals positioned in very close proximity’ to the
airgun array, a zone that would most likely be avoided by marine mammals. Only an airgun starting up
near full power immediately above a marine mammal would be likely to cause physical (e.g., organ)
injury. Therefore, the main concern of auditory-induced physical effects is the potential for temporary or
permanent hearing impairment (i.e., physiological change or damage to the auditory mechanism resulting
from exposure to acoustic energy). The auditory mechanism experiences temporary and permanent
impairments at lower levels of acoustic pressure or energy than other tissues or organs (Ketten, 1995).

At the lowest end of the physical effects scale to the auditory mechanism is a condition known as
temporary threshold shift (TTS), a temporary, reversible form of hearing impairment. In TTS, the lower
threshold of hearing in the relevant frequency band is increased (i.e., hearing becomes less sensitive)
when exposed to a critical combination of sound intensity and duration. Moving up the physical effects
scale, a phenomenon known as permanent threshold shift (PTS) occurs. With PTS, the hearing threshold
shift is non-recoverable - i.e., permanent damage results to the auditory system. Repeated exposure to
TTS levels without sufficient recovery time can lead to PTS. Finally, the most severe effects are physical
damage, where organs and tissue structures rupture due to the high and rapid pressure fluctuations. An
excellent discussion and summary of TTS and PTS can be found in Department of the Navy (2001b).

" “Very close proximity” is estimated to encompass that zone located immediately around and beneath an array (e.g.,
within several tens of meters of each airgun). Precise calculations of injury distance are problematic, variably
affected by the species present and its sensitivity to seismic energy, animal orientation in the water, airgun output
and array geometry, and physical characteristics of the environment, among others. Airgun characteristics are
detailed in Appendix D (Section II - Seismic Sources), while calculations of radial distance to the isopleth of
regulatory interest (i.e., 180 dB re 1 pPa [rms]) are provided in Appendix C (Section III - Seismic Source
Levels).
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A recent analysis of marine mammal hearing compiled by Ketten (1998) shows that mysticetes
(baleen whales) exhibit inferred hearing thresholds of 10 to 31,000 Hz, with dominant frequencies of 16
to 25,000 Hz. Baleen whale hearing has not been extensively studied. There are no specific data
regarding sensitivity, frequency or intensity discrimination, or localization abilities in baleen whales.
Baleen whales apparently are more dependent on low frequency sounds than other marine mammals. The
lack of specific data on baleen whale hearing abilities remains a major limitation in evaluating the effects
of manmade noise on this group. Among the odontocetes, hearing thresholds are highly species-specific,
with dominant frequencies of 120 to 60,000 Hz in delphinids (Ketten, 1998). Toothed whales are
probably sensitive to sounds above approximately 10 kHz. Below the 10-kHz level, sensitivity
deteriorates with decreasing frequency, with the possible exception of the sperm whale (Carder and
Ridgway, 1990). The sensitivity of many toothed whale species to high frequency sounds is attributed to
their use of high frequency sound pulses in echolocation and moderately high frequency calls for
communication. Low frequency hearing has not been studied extensively in toothed whales; however,
some species may be able to detect sound frequencies as low as 60 to 105 Hz. Below 1 kHz, where most
industrial noise energy is concentrated, toothed whale hearing sensitivity appears to be relatively poor.
Toothed whales also possess good frequency and intensity discrimination abilities, as well as good
directional localization capabilities. Additional information pertinent to marine mammal hearing can be
found in Appendix G. There are no documented data on auditory-induced physical effects of underwater
seismic noise on mysticetes, sperm whales, dwarf and pygmy sperm whales, or beaked whales. One TTS
study has been done on bottlenose dolphins (Ridgway et al., 1997; Schlundt et al., 2000). The study was
designed to predict auditory effects of military sonars, and it involved pure tones of 1-s duration, with
frequencies of 3, 20, and 75 kHz. Sound pressure levels causing TTS ranged from 192 to 201 dB®.
Additional experiments have been done by Ridgway and colleagues using simulated acoustic signatures
of underwater explosions (Finneran et al., 2000b). Due to the type of sound source and the frequency
range, neither of these data sets can be assumed applicable to seismic pulses (i.e., seismic sources are not
expected to produce the same type of impact as explosives or sonar).

Richardson et al. (1995) attempted to use human Damage Risk Criteria (DRC) to predict noise
levels that could cause TTS and/or PTS in marine mammals. They calculated that a DRC for a marine
mammal exposed to 100 seismic pulses might be a received sound pressure level of 178 to 208 dB
re 1 puPa. They emphasized that these values are extremely speculative, given the unknown relevance of
human in-air data to marine mammals underwater. Richardson et al. (1995) further estimated that, for a
typical airgun array operating in arctic waters, marine mammals would have to be within about 1 km to
the side of an airgun array to be exposed to the lower end of this range, and probably within 100 m to
experience levels of 200 dB or more. In contrast, sound propagation estimates developed for proposed
3D seismic operations in the Santa Barbara Channel (California) indicated that the 180-dB (average pulse
pressure level) contour was 316 m from the source (LePage et al., 1995). Quantitative predictions of
sound transmission (and sound attenuation) vary on a site-specific basis, according to a series of variables
(i.e., source level and spectral characteristics of the sound, the rate of sound attenuation with distance,
ambient sound characteristics, and physical conditions of the environment). Output also varies between
arrays depending upon airgun and array size and array geometry. In all cases, the animals beneath an
array are exposed to the highest energy levels.

There has been some scientific consensus that received sound pressure levels above
180 dB re 1 pPa involve some risk of hearing impairment. At a workshop on marine mammals and
low-frequency sound convened by the MMS High-Energy Seismic Survey (HESS) Team in 1997, an
expert panel expressed concern about sound levels above 180 dB re 1 pPa with respect to overt

¥ All dB values are referenced to 1 microPascal (re 1 puPa) at 1 m. Values should be considered as rms, unless
otherwise noted, per Appendix C (Section II.C - rms Levels).
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behavioral, physiological, and hearing effects on marine mammals in general. While the HESS workshop
discussions resulted in recommendations regarding sound exposure levels, a formal proceedings
document outlining such recommendations has yet to be published. The Department of the Navy (1999a,
2001a) used a received level of 180 dB re 1 pPa as a “conservative” criterion for risk of potential hearing
impairment from a single pulse.

Use of a single, broadband sound pressure level such as 180 dB re 1 pPa as a TTS criterion is
problematic for several reasons:

1) At onset levels, TTS is highly frequency-dependent. Animals with poor hearing (i.e., high
hearing threshold) in the low frequency range are unlikely to be affected. The Department of
the Navy (1998, 1999b, 2001b) used a TTS criterion based on whether the energy in any
1/3 octave band exceeded 182 dB re 1 pPa’ - s.

2) It is not known whether animals would, in all cases, avoid exposure to levels that could cause
TTS. There is, however, considerable evidence of marine mammals avoiding seismic pulses
at received levels much lower than those considered likely to cause hearing impairment
(Richardson et al., 1995; also see Appendix G). However, because auditory discomfort may
occur at levels higher than those inducing TTS (Yost, 1994), animals could (in some cases)
experience TTS without necessarily leaving the area.

3) Not all animals will experience TTS at a given exposure level. Instead, a gradient will occur.
The Department of the Navy (1999a, 2001a,b) used a risk-continuum model to predict
numbers of marine mammals potentially experiencing hearing impairment.

4) Cetacean ears have specializations that protect them from the animal’s own high level
vocalizations. However, these would not necessarily protect them from an unanticipated,
high-level, externally generated sound (Ketten, 1998).

5) The 180 dB re 1 pPa (rms) criterion does not take into account duration of the sound
exposure or the number of intermittent impulses allowed during an exposure. A typical
seismic vessel surveys at 4.5 kn and fires a seismic array every 16 s, producing an
intermittent, repetitive, and localized noise source.

In terms of overall risk of auditory impacts from seismic surveys, several points are noteworthy:
1) airgun arrays concentrate their output energy in the lower frequency range (i.e., 10 to 200 Hz, with
lower energy levels in the 200 to 500 Hz and 500 to 1,000 Hz range, and beyond) and also tend to have
more broadband signatures with energy extending well above 1 kHz (Goold and Fish, 1998; Sodal, 1999);
and 2) cetaceans exhibit vocalizations (and thus an implication of suggested hearing capabilities) across a
broad range of frequencies, suggesting differential susceptibility to seismic noise. Figure III-1 depicts
the vocalization characteristics of various baleen and toothed whales (as summarized by Richardson et al.,
1995; Wartzok and Ketten, 1999; and National Research Council, 2003; see Appendix G, Table G-1)
and the overlap with the frequency output from a typical airgun array. In terms of overall risk of auditory
impacts, mysticetes in general appear to be at greater risk relative to other cetaceans. Hearing sensitivity
at low frequencies down to ~10 Hz is almost certainly good, and many of the vocalizations of mysticetes
occur in the low tens to a few hundred Hertz (Thompson et al., 1990; Richardson et al., 1995; Crane and
Lashkari, 1996; Rivers, 1997; Stafford et al., 1998, 1999; Wartzok and Ketten, 1999), which implies (but
does not prove) functional hearing in this range.
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ORDER CETACEA
SUBORDER MYSTICETI
Family Balaenidae
Northern right whale (E. glacialis)
Family Balaenopteridae
Blue whale (B. musculus)
Bryde's whale (B. edeni)
Fin whale (B. physalus)
Humpback whale (M. novaeangliae)
Minke whale (B. acutorostrata)
Sei whale (B. borealis)
SUBORDER ODONTOCETI
Family Kogiidae
Dwarf sperm whale (K. simus)
Pygmy sperm whale (K. breviceps)
Family Physeteridae
Sperm whale (P. macrocephalus)
Family Ziphiidae

Blainville's beaked whale (M. densirostris)

Cuvier's beaked whale (Z. cavirostris)

Gervais' beaked whale (M. europaeus)

Sowerby's beaked whale (M. bidens)
Family Delphinidae

Atlantic spotted dolphin (S. frontalis)

Bottlenose dolphin (T. truncatus)

Clymene dolphin (S. clymene)

False killer whale (P. crassidens)

Fraser's dolphin (L. hosei)

Killer whale (O. orca)

Melon-headed whale (P. electra)

Pantropical spotted dolphin (S. attenuata)

Pygmy killer whale (F. attenuata)

Short-finned pilot whale (G. macrorhynchus)+

Risso's dolphin (G. griseus)

Rough-toothed dolphin (S. bredanensis)

Spinner dolphin (S. longirostris)
Striped dolphin (S. coeruleoalba)
ORDER SIRENIA
Family Trichechidae

Florida manatee (T. manatus latirostris)
West Indian manatee (T. manatus manatus)-
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Figure III-1. Vocalization characteristics of select baleen and toothed whales relative to
maximum and total output from a typical airgun array.
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Bryde’s whale is the only mysticete occurring regularly, though uncommonly, in the GOM.
Although there are no auditory data for this species, vocalization frequencies have been documented (see
Appendix G, Table G-1); it is generally considered that the auditory abilities of all mysticete species are
broadly similar, based upon vocalization frequencies and ear anatomy (Ketten, 1998).

As airgun arrays are configured to output maximal energy in the region of a few tens of Hertz
(see Appendix D, Section II.A - Airguns), there is clearly a possible overlap between the expected
frequencies of good hearing sensitivity (low threshold) in mysticetes and maximal airgun output at
source.

In contrast to the mysticetes discussed previously, odontocetes are probably sensitive to sounds
above ~10 kHz (i.e., documented use of high frequency sound pulses in echolocation; moderately high
frequency calls for communication), with decreasing frequency sensitivity below this level. Toothed
whale hearing sensitivity appears to be relatively poor below 1 kHz. Only the sperm whale (among the
odontocetes) represents a possible exception. Odontocetes of interest include delphinids, dwarf and
pygmy sperm whales, beaked whales, and the sperm whale; hearing sensitivities of these species or
species groups have been detailed in Appendix G, Section II - Marine Mammal Impact Sensitivity).

Based on the predominantly high-frequency range of their hearing, most delphinids would be at
low risk for TTS and other auditory impacts from seismic surveys. This is not to say that they cannot
hear and respond to seismic signals, but rather that most of the energy in the pulses is at frequencies
<200 Hz, where delphinid hearing is relatively poor.

Due to their cryptic nature, beaked whales may be underrepresented among the Gulf marine
mammal fauna, as noted previously. Given that the vocalization data available for beaked whales suggest
the possibility of overlap with seismic sources (i.e., Blainville’s beaked whale in the Gulf may vocalize at
<1,000 Hz), their strategic stock status prompts further concern for any acoustic impacts to this group.
Their deep diving habits also put this group at some potential risk, similar to sperm whales. As airgun
arrays are configured to output maximal energy in the region of a few tens of Hertz with lower energies
into the 1,000-Hz range and beyond, there also is overlap between the expected frequencies of good
hearing sensitivity (low threshold) in these species and maximal airgun output at source.

One odontocete that may potentially be at some risk of auditory impact is the sperm whale.
Although there are no audiograms for sperm whales, Norris et al. (2000) suggest that they have good low
frequency hearing because of their large size and use of relatively low frequency pulsing. Sperm whales
produce clicks with a frequency range from <100 Hz to 30 kHz, with most of the energy at 2 to 4 kHz and
10 to 16 kHz (Richardson et al., 1995). They also have distinct spectral components in their clicks at
frequencies as low as 400 Hz (Goold and Jones, 1995). Although the function of these low frequency
components is not clear, their presence suggests functionality and implies the ability to perceive them
through the auditory system.

4) Masking

Auditory masking occurs when a sound signal that is of importance to a marine mammal
(e.g., communication calls, echolocation, environmental sounds cues) is rendered undetectable due to the
high noise-to-signal ratio in a relevant frequency band. In the case of seismic surveys, where potential
masking noise takes a pulsed form with a low duty cycle (~10%, or a 1-s disturbance in the sound field in
every 10 s of ambient noise), the effect of masking is likely to be low relative to continuous sounds such
as ship noise. Davis et al. (1998) considered masking to be of little consequence in relation to possible
impacts of seismic surveys on the Scotian Shelf, largely due to the low duty cycle of seismic pulses. In
contrast, Gordon et al. (1998) pointed out signal duration increases with range from the source and
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speculated that there is some potential for masking at low frequencies, mainly of consequence to
mysticetes. From either viewpoint, masking is unlikely to represent an important impact of seismic
sources on GOM odontocete whales and dolphins. It is possible that seismic survey activity may, on
occasion, mask mysticete whale vocalizations. However, mysticetes whales are classified as extralimital,
rare, or uncommon in the GOM, depending upon the species in question.

5) Behavioral Responses

A number of studies have documented behavioral effects in response to seismic surveys,
primarily for mysticetes (Richardson et al., 1995). Studies pertaining to the effects of stress and stress
responses in mammals, including studies on marine mammals, have been reviewed by Curry (1999).
However, in most cases, the biological importance of stress responses in marine mammals (e.g., effects on
energetics, survival, reproduction, population status) remains unknown.’

Mysticetes. The mysticetes have been the most studied group of marine mammals in terms of
observations of behavioral changes in response to seismic operations. As noted previously, there is
clearly a possible overlap between the expected frequencies of good hearing sensitivity (low threshold) in
mysticetes and maximal airgun output at source. Bryde’s whale is the only mysticete species occurring
regularly in the GOM, although its presence is categorized as uncommon. Although there have been no
studies of Bryde’s whale reactions to seismic surveys, it is generally considered that the auditory abilities
of all mysticete species are broadly similar, based upon vocalization frequencies and ear anatomy (Ketten,
1998). Limited data on Bryde’s whale reactions to other anthropogenic disturbance suggest little
response to slowly approaching boats (Watkins, 1981), and that this species, like others, also appears to
be easier to approach when feeding (Gallardo et al., 1983).

Given that no audiograms of mysticetes have been obtained, it is impossible to define what level
of sound above hearing threshold may cause behavioral effects. For this reason, observations at sea have
concentrated on relating received sound levels to observed behavioral changes (Malme et al., 1983, 1984,
1985, 1986, 1988; Reeves et al., 1984; Richardson et al., 1986; Ljungblad et al., 1988; McDonald et al.,
1993; Richardson and Malme, 1993; Richardson, 1998; McCauley et al., 2000). It has been supposed, in
the absence of audiogram data, that hearing threshold around 10 Hz may occur at a level of some 80 dB re
1 pPa (Ketten, 1998). If this were the case, exposure to sound at 10 Hz and at a level of, say, 160 dB
re 1 uPa might represent a level 80 dB over hearing threshold in a mysticete.

Behavioral reactions (avoidance) have been noted in gray whales in response to received pulse
levels of 164 dB re 1 pPa rms (Malme et al, 1984), equivalent to a sound exposure level of
158 dB re 1 pPa (Davis et al., 1998). Bowhead whales have also been shown to exhibit avoidance of an
area of seismic surveying where received levels reached approximately 130 dB re 1 pPa rms
(W.J. Richardson, oral comm. to J.C. Goold, 1998). Such values stimulating behavioral avoidance are not
inconsistent with the notion of a low frequency hearing threshold of some 80 dB in mysticetes.

Sperm whales. Sperm whales have a fundamentally different lifestyle from that of mysticetes.
Sperm whales are deep diving, pelagic predators that echolocate at depth using sonar clicks and feed on
deep water cephalopods and fishes. Auditory thresholds of adult sperm whales have not been obtained,
but it is reasonable to suppose, based on their vocalizations, that they are sensitive to a wide range of
frequencies.

Possible sensitivity to low frequency sounds has been reported in sperm whales by Bowles et al.
(1994), where sounds at 57 Hz with source levels of 209 to 220 dB re 1 uPa may have caused sperm

? Pertinent NMFS regulations regarding levels of harassment and “take” are discussed in Appendix B.
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whales to stop vocalizing and/or to leave the area of ensonification. Sperm whales are a highly vocal
species under natural conditions (i.e., they click almost continuously during dives), and interruption or
cessation of their vocal activity has often been cited as a reaction to manmade noise. Watkins and
Scheville (1975) showed that sperm whales interrupted click production in response to pinger (6- to
13-kHz) sounds. Mate et al. (1994) reported temporarily decreased sperm whale abundance in an area of
seismic operations in the northeastern GOM. However, acoustic arrays recorded sperm whales producing
click sequences during dives within 4 nmi of an active 3D seismic vessel during surveys conducted in
2001. It was not determined whether these animals were behaviorally affected or not by these activities
(S. Swartz, NMFS, Southeast Fisheries Science Center [SEFSC], oral comm., 2001). Watkins et al.
(1993) report interruption of vocal activity and immediate submergence by two sperm whales exposed to
high level submarine sonar pulses. Andre et al. (1997) showed that 10-kHz pulses, with source levels of
180 dB re 1 pPa, induced startle reactions in sperm whales. Goold (1999) documented an event where six
sperm whales in shallow water were actively driven through a narrow channel in a coherent formation,
using ship noise and echosounder/fishfinder emissions from a flotilla of 10 vessels; sound characteristics
and levels were not determined. One contradictory observation, however, reports no alteration in sperm
whale vocal activity when exposed to received levels of 173 dB re 1 pPa rms from 1-g TNT detonators
(Madsen and Mohl, 2000).

Sperm whales are most likely acoustically aware of their environment and can exhibit behavioral
reactions in a number of ways, including interruption of vocal activity and locomotive avoidance. There
are, as yet, insufficient data to assign thresholds for acoustic disturbance to sperm whales.

An additional factor to consider in the case of sperm whales is their deep diving habit. Unlike
mysticetes, which may remain close to the surface for long periods, sperm whales spend relatively little
time at the surface during the course of feeding activity. This means they would be less likely to receive
any surface shielding afforded by refractive effects caused by near-surface hydrographic conditions,
which can occur in some instances. In addition, the sperm whale dive takes them down to a depth where
they could potentially be passed over directly by an operating seismic vessel without their being visually
detected. As airgun arrays are generally configured to produce a maximum, low frequency energy lobe
directly downwards towards the seabed, sperm whales may enter a region of increased ensonification
relative to more near-surface species.

Dwarf/pyegmy sperm whales and beaked whales. Little is known of the acoustic abilities of either
of these groups. All species of both groups are deep diving (Willis and Baird, 1998) and almost certainly
use echolocation clicks spanning the sonic and low ultrasonic frequency range. Pulsed sounds with peak
frequencies below 13 kHz have been recorded from pygmy sperm whales (Caldwell and Caldwell, 1987),
and the anatomy and physical properties of the dwarf sperm whale head have been shown to be consistent
with production of echolocation clicks (Cranford et al., 1996; Goold and Clarke, 2000). Thompson et al.
(1990) report a short duration (0.42 s) frequency modulated "cry" from a captive, stranded adult female,
pygmy sperm whale, with start and finish frequencies of 1.36 and 1.48 kHz, respectively. No
audiograms have been obtained in pygmy sperm whales, dwarf sperm whales, or beaked whales, and
there are insufficient data to ascribe avoidance thresholds (Richardson et al., 1995). It is possible,
however, that these species may, as in the case of sperm whales, be sensitive to a wide range of sound
frequencies, including those produced by seismic gun arrays. This factor, along with their similar
deep-diving habits and relatively widespread distributions in the Gulf, may warrant concerns for these
groups (i.e., dwarf/pygmy sperm whales and beaked whales) from seismic survey activities. Beaked
whales have been shown to be susceptible to acoustic disturbance (Frantzis, 1998; Balcomb and Claridge,
2000). Clicks and frequency modulated whistles have been reported from beaked whales, with
frequencies ranging between 300 Hz and 40 kHz (Lynn and Reiss, 1992; Dawson et al., 1998; Rogers and
Brown, 1999).
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Delphinidae. The Delphinidae is a diverse group including the true dolphins, killer whales, and
pilot whales. There have been few studies of the impact of seismic surveys on members of the
Delphinidae; indeed, Richardson et al. (1995) comment on an almost total lack of studies on effects of
G&G seismic activities on delphinid species. More recently, however, several studies have been
conducted documenting the effects of seismic operations on delphinid species, as detailed below.

Physical Effects — One TTS study has been done on bottlenose dolphins (Ridgway et al., 1997;
Schlundt et al., 2000). The study was designed to predict auditory effects of military sonars, and it
involved pure tones of 1-s duration, with frequencies of 3, 20, and 75 kHz. The study succeeded in
inducing TTS, and the sound pressure levels causing TTS ranged from 192 to 201 dB.

Au et al. (1999) observed 12 to 18 dB TTS in a bottlenose dolphin exposed to 50 min of
octave-band noise centered at 7.5 kHz. Finneran et al. (2000a) discuss a behavioral response paradigm to
measure masked underwater hearing thresholds in two species of odontocete — bottlenose dolphin and
beluga — before and after exposure to seismic pulses from a watergun. The existence of experimental
results is alluded to, but no further data are presented.

Behavioral Effects — The TTS study of Ridgway et al. (1997) also produced overt behavioral
reactions, not in line with trained behavior, at levels at least 10 dB below those that induced TTS. In
terms of effects of G&G vessel traffic itself, this is not expected to cause significant impacts to delphinids
in terms of noise signatures. However, there is evidence that vessel traffic can affect the acoustic
behavior of dolphins (Van Parijs and Corkeron, 2001). These workers describe how the vocal behavior of
Pacific humpback dolphins is modified in response to transiting vessel traffic. Dolphins significantly
increased their rate of whistling immediately after a vessel had moved through the study area at ranges of
1.5 km or less. Effects were particularly noticeable for mother-calf groups, and it is suggested that the
noise from transiting vessels affects dolphin group cohesion. Mother-calf pairs were the most disturbed
and have the greatest need to re-establish vocal contact following noise masking. This finding may have
particular relevance for the disturbance of critical habitats (e.g., breeding, nursery areas). Marine
mammals may habituate to common sounds and sound sources. Curry (1999) reported that an evaluation
of captive beluga whales after exposure to drilling rig noise did not result in stress (determined by
measurements of pre- and post-exposure levels of blood catecholamines) to the animals.

Historically, seismic survey operators have considered airguns to be sources of low frequency
energy (<200 Hz) only. As such, it was not considered that the emissions would be audible to dolphin
species, given their high frequency biased hearing and their relatively poor sensitivity at low frequency.
However, recent measurements of airgun sources at sea (Goold and Fish, 1998; Sodal, 1999) have
demonstrated that, although airgun arrays are a source of primarily low frequency energy, there also is
energy at higher frequencies. These energies encompass the entire audio frequency range of 20 Hz to
20 kHz (Goold and Fish, 1998), and extend well into the ultrasonic range up to 50 kHz (Sodal, 1999).
This high frequency energy must be taken into account when considering seismic interactions with
members of the Delphinidae. Further, and contrary to early perceptions, the high frequency components
of airgun emissions are of sufficient level to exceed the dolphin auditory threshold curve at these low
frequencies, even after considerable spreading loss (J.C. Goold, oral comm., 2001; also see Goold and
Fish, 1998).

Since the delphinid auditory system has a relatively poor response at the low frequency end
(about 110 dB re 1 pPa at 200 Hz) and increases in sensitivity towards the ultrasonic range, it is clear that
a gradient of increasing sensitivity exists over a broad frequency range to the frequency of peak
sensitivity. Further, although an airgun pulse will have maximal energy at a few tens of Hertz, with
energy rolling off towards the higher kHz frequencies, the increase in dolphin hearing sensitivity in this
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region, in a sense, compensates for this. It may be considered, very generally, that the seismic pulse
spectrum and the delphinid audiogram track one another over a bandwidth of tens of kHz.

Goold and Fish (1998) recorded airgun pulses during a 2D seismic survey from a 2,120-cubic
inch airgun array, across a frequency range 200 Hz to 22 kHz. It was determined that an equivalent
narrow-band seismic signal level at 20 kHz was 133 dB re 1 puPa rms. This figure is some 78 dB above
the equivalent point in the dolphin audiogram at 20 kHz and is a figure obtained at 1 km from the airgun
array. Observations of common dolphins, during the seismic surveys from which these measurements
were taken, revealed that dolphins were able to tolerate seismic pulses at a distance of 1 km from the
array (Goold, 1996), so it is assumed that a received level of 133 dB re 1 pPa rms at 20 kHz is tolerable.'
However, dolphins were not documented at ranges closer than 1 km, so it was considered that this might
be representative of an upper level of tolerance.

Seismic survey pulses have also been shown to modify the vocal behavior of common dolphins in
the open sea. Wakefield (2001) demonstrated a shift in certain whistle parameters during airgun shooting,
specifically 1) there is an increase in the start, end, minimum and mean frequencies of whistles, and 2) the
whistle contours become flatter. The significance of these changes is not clear, but they perhaps signify
adaptation to the increased noise environment. Given the decreased airgun output at higher frequencies,
there would seem a clear advantage in shifting vocalizations to higher frequencies to reduce noise
masking. Whistle contours appear to become flatter as a consequence of the upper whistle frequency
remaining largely unchanged.

Stone (1996, 1997a,b, 1998) reported that common dolphins, white beaked dolphins, and white
sided dolphins were sighted in the vicinity of seismic surveys less often when the guns were firing than
when they were not firing. These observations were statistically significant in the case of common
dolphins.

Finneran et al. (2000b) discuss a behavioral response paradigm to measure masked underwater
hearing thresholds in two species of odontocete — bottlenose dolphin and beluga — before and after
exposure to sound signatures representing distant underwater explosions. Their experiments produced no
masked TTS to simulated detonations as large as 500 kg HBX-1 charges, at ranges as close as 1.5 km.
However, alterations in animals' trained behavior began to occur at levels equivalent to 5-kg charges at
9.3 km and 5-kg charges at 1.5 km (two bottlenose dolphins) and 500 kg at 1.9 km (one beluga whale).

Morton and Symonds (2002) demonstrated convincingly that displacement of odontocetes can
occur in response to anthropogenic sound disturbance. During a 15-year study of killer whales in
Johnstone Strait and Broughton Archipelago, a significant decrease in killer whale abundance was
observed during a 7-year period where acoustic harassment devices (AHDs) were installed in the
Broughton Archipelago. Morton and Symonds (2002) reported on the use of 10-kHz Airmar AHDs with
source levels of 194 dB re 1 pPa at 1 m, designed to cause physical pain to seals. The authors did not
report on AHD signal duration or duty cycle. Killer whale abundance returned to baseline levels after the
AHDs were removed. The abundance of killer whales in the control area, Johnstone Strait, which was not
disturbed, remained stable throughout the study. Airmar AHDs also have been used as a marine mammal
deterrent in at least one other study. Kraus et al. (1997) employed active alarms, which emitted a
broadband signal with a fundamental frequency of 10 kHz and a source level of 132 dB re 1 uPa at 1 m,
well within the hearing range of harbor porpoises and harbor seals. Signal duration was ~300 ms and was
repeated every 4 s. Kraus et al. (1997) utilized a lower power setting to scare porpoises away (rather than
a higher setting designed to cause pain to seals).

19 Use of the term "tolerable" is not necessarily equivalent to a "negligible effect." Further, a non-negligible effect
on an individual must be evaluated relative to the population as a whole.
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6) Analysis of Proposed Action

The preceding discussion indicates that seismic surveys are unlikely to produce gross physical
injury in marine mammals. Such effects, if they occur, would be limited to those animals located in close
proximity to an airgun (i.e., estimated at several tens of meters) when it begins firing. The main concerns,
therefore, are the potential for temporary or permanent hearing impairment and/or behavioral disturbance.

Hearing impairment. In the absence of species-specific data on auditory impacts for marine
mammals, a received sound pressure level of 180 dB re 1 uPa (rms) or greater will be used as a indication
of potential concern about temporary and/or permanent hearing impairment. Most of the energy emitted
by seismic sources is in the 10 to 200 Hz range, but there is some energy up to 500 to 1,000 Hz and
beyond (Richardson et al., 1995; Goold and Fish, 1998; also see Appendix D, Figure D-3 and
Appendix G, Figures G-4 and G-5). Marine mammals with hearing in the low-frequency range and
exposed to levels exceeding 180 dB re 1 puPa (rms) may be at risk for auditory impacts such as TTS. The
species considered to be at most potential risk is Bryde’s whale, the only mysticete species occurring
regularly (although uncommon) in the Gulf. Sperm whales are also considered at risk for auditory
impacts due to their relatively low frequency clicks, their documented responses to some low-frequency
sounds, and their deep-diving behavior. Beaked whales may be sensitive to a wide range of sound
frequencies, including those produced by seismic airgun arrays. This factor, when coupled with their
similar deep-diving habits, strategic stock status (and population susceptibility to mortality losses, see
Appendix F, Section I.A - Marine Mammals), and relatively widespread distribution in the Gulf,
warrants concern for this group.

Typically, 3D seismic survey lines are about 25 m apart. Source levels as reported in PEA
Table I1-3 are typically 233 to 240 dB re 1 pPa (zero-to-peak). While transmission loss varies depending
on a number of factors including water depth, sound velocity profile, sediment type, etc., in general,
sound pressure levels of 180 dB re 1 puPa (rms) or greater have been calculated to extend ~300 m
(0.16 nmi) laterally from the survey line. Further discussion of impact zone calculations may be found in
Appendix C, Section III - Seismic Source Levels, along with explicit assumptions (e.g., application of
spherical or modified cylindrical spreading to calculate sound attenuation; non-radial nature of the
isopleths) relative to G&G seismic surveys in OCS waters of the GOM. In the very shallow, cold waters
of the Alaskan Beaufort Sea, a cylindrical spreading model was applied; modeling results and field
verifications indicated that sound levels of 200 dB or more could occur within 100 m of the source
(Richardson et al., 1995). In temperate waters offshore California, seismic operations were projected to
create a 180-dB (average pulse pressure level) contour at 316 m from the source (LePage et al., 1995).
Sound attenuation in the latter case was much greater, presumably a function of the spreading loss model
employed and differential output and attenuation from the seismic array. Preliminary calculations of
radial distance to the 160- and 180-dB isopleths (i.e., as possible impact zones) for a typical airgun array
being used in the GOM are provided in Appendix C, Section III - Seismic Source Levels''. Based on

! Utilization of ~0.3 and ~3.0 km as appropriate m3aximum radial distances to the 180- and 160-dB (rms) isopleths
is based on a typical seismic array (i.e., 4,550-in.” airgun array; 240 dB re 1 pPa [zero-to-peak], 230 dB re 1 pPa
[rms]) in commercial use in the GOM. Actual array output varies by operator and can be lower than the typical
system employed in this analysis. Lower output systems produce smaller zones of ensonification. In addition, the
frequency spectra of a seismic signal has not been accounted for in the distance calculations (i.e., radial distance
to a target isopleth). It is known that a seismic signal is comprised primarily of low frequency components (i.e.,
significant energy at 10-1,000 Hz, peak frequency at 50-60 Hz, with lesser contributions(%rom ﬁoth mid- and high
frequency components). Although some data regarding differential frequency attenuation of seismic sound have
been publishedp over the past few years, insufficient information is currently available to estimate accurately and

integrate frequency components into the isopleth calculations within the framework of a PEA (e.g., due to limited

ﬁel§ measurements, variations in seismic array composition and geometry, etc.). As a consequence, frequency
spectra cannot readily be accounted for in the current impact analysis. See Appendix C, Section III - Seismic
ource Levels for additional discussion.
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these considerations, the assumption is that all points within a surveyed lease block will be ensonified to
levels of at least 180 dB re 1 pPa (or even 200 dB or greater) at some time during a seismic survey (each
point will actually be exposed repeatedly due to overlapping coverage of adjacent lines). The time
between the first and second passage (or other passages) of a seismic array (and sound exposure for a
stationary receptor) within a lease block may range from hours to days, depending upon the length of the
vessel trackline and the relative position on the trackline. Consequently, seismic survey activity (number
of lease blocks surveyed annually) provides a rough approximation of the total area of potential exposure,
recognizing that the total number of surveys conducted and the total area covered are two of the factors
considered during impact assessment.

From 1992 through 2000, annual number of lease blocks surveyed ranged from 1,825 to
6,520 (PEA Table II-4). It is estimated that the total number of blocks to be surveyed (using primarily
3D seismic) in the next several years will range from 1,041 to 6,520. Total numbers of lease blocks in the
Central and Western Planning Areas are 9,110 and 6,516, respectively, for a total of 15,626. The
percentage of the total area encompassed by the Central and Western Planning Areas to be surveyed will
annually range from 7% to 42%. Lease blocks typically are 4.8 km on side, with a total area of
23.04 km?; therefore, the total area covered by (3D) seismic surveys annually can be estimated to range
from 23,985 to 150,221 km’.

A second viable approach to describing the duration and scope of potential exposure is based on
seismic activity in the vicinity of a single cetacean, the latter of which is (for the sake of this description)
located 500 m from a survey trackline. As the seismic vessel moves along its survey track, the distance
between the airgun array and the whale will vary between ~1,120 m and 500 m. The sound level that the
whale receives will vary between approximately 174 and 168 dB re 1 puPa (rms) for those distances, with
the source as described. At a maximum towing speed of 5 kn, the source moves 26 m every 10 s, with
airguns firing every 10 to 15 s. If the mammal remains in place, it will experience 52 to 78 shots at
distances ranging from ~1,120 m to 500 m and back to ~1,120 m. The time duration of the 2,000-m pass
is approximately 13 min.

The number of streamers and the separation between the streamers will dictate how many times a
survey source vessel will pass within some specified distance of a marine mammal. Survey requirements
will also determine how long the ship will continue going in one direction, and will subsequently
determine how soon the ship will pass back along a nearby parallel path. All of these details will
determine the potential for total exposure (i.e., the total number of airgun shots for which the received
level at an animal’s location is above a certain pressure level in a certain period of time). For most
surveys, the operative period would most likely be a day or a week, assuming the animal does not follow
the source vessel around. Total potential exposure over this period is estimated to be based on several
vessel passes (i.e., twice daily) by a stationary cetacean.

Abundance data from marine mammal surveys provide a basis for evaluating the magnitude of
potential risk to marine mammals. It must be pointed out that survey data are known to be underestimates
due to availability bias (failure to detect submerged individuals). More importantly, marine mammal
abundance varies tremendously both spatially and temporally. The following calculations are intended to
assess the magnitude of potential exposure, based on available population estimates and a recognition of
spatial and temporal variability and survey data limitations. More precise estimates of the total numbers
of individuals potentially exposed to seismic noise may become available as further marine mammal
survey work in the GOM is completed. Additional species- or group-specific discussions of the potential
for exposure to seismic noise and estimates of incidental take are presented in Appendix L (Potential
Incidental Harassment and Take).
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The minimum number of Bryde’s whales in the northern GOM is estimated to be 17 (Waring
et al., 1997)'2. GulfCet II ship survey data for the oceanic northern GOM (>200 m) yield a slightly higher
estimate of 22 Bryde’s whales, with a confidence interval from 4 to 123 (Mullin and Hoggard, 2000).
The mean density was estimated to be 0.005 individuals/100 km*. A recent density estimate for Bryde's
whales in the Eastern Gulf of Mexico Planning Area was established at 0.03 individuals/100 km* This
species is not expected in the Western or Central Planning Areas, thus density estimates in these areas
were zero (K. Mullin, NMFS, written comm., 2003). When cumulative annual seismic survey operations
are considered (see Appendix L), perhaps one Bryde’s whale may be exposed to levels of 180 dB or
higher if it does not avoid exposure. Strandings and sightings data indicate that Bryde’s whales are most
likely to be present in the northeastern Gulf near the 100-m isobath (Davis et al., 2000; Wiirsig et al.,
2000). Given that lower seismic survey activity levels are expected in the Eastern Gulf Planning Area
(relative to the Central and Western Gulf), the probability of exposure of Bryde’s whales to levels of 180
dB or higher (in the absence of avoidance) is quite low. Similarly, in the Central and Western Planning
Areas, where most of the seismic surveys occur and where fewer Bryde’s whales are thought to occur, the
risk of auditory impairment is also quite low. If Bryde’s whales are able to recognize approaching
seismic operations and avoid exposure, fewer animals would be at risk.

The abundance of sperm whales in the oceanic northern GOM (including northeast and northwest
slope [200 to 2,000 m] and abyssal [>2,000 m] areas, or strata) has been estimated at 1,349 individuals'
(coefficient of variation [CV]=0.23; 95% confidence interval [CI]=869-2,093), based on estimates
derived from ship-based surveys conducted in 1996 and 1997, and from 1999 to 2001 (Fulling et al., in
review; K. Mullin, NMFS, written comm., 2003). Recent density estimates of sperm whales in the
northern Gulf are 0.29, 0.44, 0.25 individuals/100 km® for the Eastern, Central, and Western Gulf of
Mexico Planning Areas, respectively (K. Mullin, NMFS, written comm., 2003). When cumulative annual
seismic survey operations are considered (see Appendix L), a total of three sperm whales may potentially
be exposed to levels of 180 dB or greater if they do not avoid exposure (i.e., one sperm whale per
planning area; see Appendix L, Table L-11). If sperm whales are able to recognize approaching seismic
operations and avoid exposure, fewer animals would be at risk.

Sperm whales occur throughout northern Gulf oceanic waters (>200 m) and thus are not expected
to be present in lease blocks on the continental shelf (<200 m). Further, localized aggregations of sperm
whales appear to be persistent in the vicinity of the Mississippi River delta between the 500 and 2,000 m
isobaths", and in the southeastern Gulf, west of the Dry Tortugas (approximately 25°N Lat., 84’W Long.)
(Fulling et al., in review). The main risk would be in areas where these aggregations of sperm whales are
commonly sighted (Davis et al., 2000; see Figure IT1-2)".

NMEFS has posted revised draft population estimates for select marine mammals in the GOM (NMFS, 2004).
Population size and minimum population estimates for Bryde's whales are 42 and 25 individuals, respectively;
for sperm whales, population size and minimum population estimates are 1,315 and 1,035 individuals,
respectively.

Distribution information for deep-water marine mammals is problematic, given the availability of limited survey
data. Occurrence of deep-water species in water depths of 1,500-2,000 m and beyond may have been
documented during offshore surveys or may represent the expert opinion of the source author(s). Statements
regarding the potential distribution of particular species in deep water (e.g., to the 2,000-m isobath) may also
represent an artificial endpoint.

Two surveys were conducted under GulfCet I and II (August 1994; October 1996) to obtain behavioral
observations and photo-identification of sperm whales. Areas surveyed centered around the Mississippi Canyon,
a region previously recognized for high sperm whale densities. NMFS surveys in the GOM have been extensive
(see Figure III-2), with sperm whale sightings throughout the region, and aggregations evident off the
Mississippi River delta and near the Dry Tortugas.
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Waring et al. (1999), in their preparation of the marine mammal stock assessment for Gulf and
Atlantic cetacean populations, calculated a minimum population estimate of Cuvier's beaked whales
(Ziphius cavirostris) in the northern GOM at 20 individuals, as derived from surveys conducted from
1991 to 1994.”° Minimum population estimates of Blainville's (Mesoplodon densirostris) and Gervais'
(M. europaeus) beaked whales were not individually calculated in this study because of the uncertainty of
species identification of sightings. However, an estimate of the average abundance of undifferentiated
beaked whales was 117 individuals (Waring et al., 1997). GulfCet II ship surveys for the oceanic
northern GOM yield abundance estimates of 159 Cuvier's beaked whales, 150 unidentified Mesoplodon
spp., and 75 unidentified Ziphiids, with confidence intervals from 44 to 577, 59 to 384, and 22 to 254 for
each group, respectively. = Mean density estimates for each group were 0.040, 0.038, and
0.019 individuals/100 km? respectively. Recent density estimates of Cuvier's beaked whales in the
northern Gulf are 0.03, 0.03, 0.00 individuals/100 km® for the Eastern, Central, and Western Gulf of
Mexico Planning Areas, respectively (K. Mullin, NMFS, written comm., 2003). Recent density estimates
of unidentified Mesoplodon spp. and unidentified ziphiids in the northern Gulf ranged from 0.02 to
0.07 and 0.01 to 0.05 individuals/100 km® respectively (K. Mullin, NMFS, written comm., 2003). When
cumulative annual seismic survey operations are considered (see Appendix L), two Cuvier’s beaked
whales may be exposed to levels of 180 dB or greater if they do not avoid exposure (i.e., one Cuvier's
beaked whale each in the Eastern and Central Planning Areas; sce Appendix L, Table L-11). For
unidentified Mesoplodon spp. and unidentified ziphiids, the maximum number of individuals exposed
would be three and three, respectively (i.e., one unidentified Mesoplodon spp. and one unidentified
ziphiid per planning area; see Appendix L, Table L-11). If beaked whales are able to recognize
approaching seismic operations and avoid exposure, fewer animals would be at risk.

Behavioral responses. Behavioral responses to seismic survey noise are considered possible in
any species of GOM cetacean. While the principal energy from airgun arrays is in the low frequencies
where primarily mysticetes (Bryde’s whale) would be likely to hear it, there is also energy at higher
frequencies that can probably be detected and has caused documented responses in odontocetes. It must
also be noted that seismic arrays use acoustic transponders, which emit sounds in the several kHz range
(Norris et al., 2000) and obviously could be detected by odontocetes.

With a variable proportion of lease blocks in the Gulf having seismic surveys in a given year
(with most activity in deeper waters of the Central and Western Gulf), it is likely that some behavioral
responses are occurring. However, the biological importance of such responses is unknown (e.g., effect
on the size or productivity of the species stock). At this point, there is no evidence that adverse
behavioral impacts at the local population level are occurring in the GOM. Examples of adverse effects
that have been attributed to acoustic sources in other settings include mass strandings of beaked whales
possibly caused by high energy military sonar (Frantzis, 1998). No such impacts have been noted in the
GOM, where seismic surveys have been occurring for decades. However, scientific study of possible
acoustic-based impacts has only recently begun.

Individual seismic surveys can cover from a few blocks to hundreds of lease blocks and take days
to months to complete (PEA Table II-3). As many as five regional surveys are being conducted at any
one time in the GOM, with more than 30 surveys annually. On such a broad scale, if seismic surveys
were resulting in avoidance behavior, one might expect abundance to differ depending on the proximity to
seismic operations. Norris et al. (2000) analyzed GulfCet II acoustic survey data to determine whether
abundance estimates differed depending on whether seismic signals were present. They did not detect
any differences attributable to seismic survey noise. However, the seismic signals detected during this
study were measured from distant vessels, and the received seismic pulses were thus relatively low in
intensity and frequency.

!> Draft population size and minimum population estimates for Cuvier's beaked whales in the northern GOM are 88
and 58 individuals, respectively (NMFS, 2004).
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b. Vessel Traffic (Risk of Collisions)

The potential effects of large vessels underway on marine mammals include direct vessel effects
(direct physical contact [shipstrike] and temporary behavioral [aversive or attractive] effects), and effects
associated with vessel noise. Though considered possible, especially with certain species, the possibility
of a shipstrike between a relatively slow-moving seismic survey vessel at cruising speed and a marine
mammal is considered low. While a seismic vessel is on survey, because of the slow towing speeds
involved (e.g., 4.5 kn), the possibility of shipstrike with a marine mammal becomes negligible. Species
of concern for possible shipstrike with all marine transportation while underway at speed include
primarily slow-moving species (e.g., northern right whales) and deep-diving species while on the surface
(e.g., sperm whales, pygmy/dwarf sperm whales, and beaked whales). Impacts between seismic vessels at
speed and any of these species would possibly result in the mortality of the individual marine mammal.
In the case of sperm whales, which are currently listed as endangered species, this would constitute a
significant adverse impact. However, since there are no records of collisions between sperm whales and
seismic vessels, it is assumed that the probability of this encounter, and thus impact, is very low. Certain
species, such as bottlenose dolphins and spotted dolphins (Stenella spp.), actively approach any vessels
while underway at speed to swim within the vessel’s bow pressure wave (i.e., “bowride”). Under this
circumstance, interactions between these marine mammals and vessel traffic are not considered to
constitute an adverse impact. In terms of seismic vessel noise and associated impacts, International
Association of Geophysical Contractors (IAGC) has noted that total vessel traffic in an area where a
seismic vessel is operating typically decreases as fishing and recreational vessels move out of the survey
area to avoid vessel conflicts.

c Mitigation

Under existing regulations, use of explosives is prohibited except under written authorization
from the MMS (see Appendix E, Section II.A.2 - Stipulations and Protective Measures). This is a
measure intended to protect marine mammals, sea turtles, and other marine life. (It has been assumed that
no explosives would be used for G&G activities under the Proposed Action.) In addition, the Proposed
Action includes several existing measures (i.e., ESA consultation) designed to protect Florida manatees
from vessel strikes (see Appendix E, Section II.A.2). These measures are considered effective in
avoiding significant impacts to manatees. Additional mitigation measures applicable to other marine
mammals are included in remaining alternatives (i.e., Alternatives 2, 3, and 4).

d. Significance Criteria and Evaluation

A significant adverse impact on marine mammals occurs when

e the PBR level (defined in Appendix F, Section I.A.5 - Abundance Estimates) is exceeded
for any marine mammal stock (i.e., any mortality or serious injury would be considered an
exceedance of the PBR level for any strategic stock or listed species); or

e any listed species or strategic stock is displaced from critical habitat (or key habitat if critical
habitat is not formally designated) for any length of time; or

e there is long-term or permanent displacement of any species from preferred feeding,
breeding, or nursery habitats (other than critical habitat); or

e there is a substantial (or chronic) disruption of behavioral patterns to an extent that may
adversely affect a species or stock through effects on annual rates of recruitment or survival.
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An adverse but not significant impact on marine mammals occurs when

e mortality or serious injury occurs to marine mammals, but not in excess of the PBR (i.e., no
deaths or serious injuries of strategic stocks or listed species); or

e there is a short-term displacement of marine mammals from preferred feeding, breeding, or
nursery grounds (but not critical habitat); or

e there is some disruption of behavioral patterns, but to an extent that is unlikely to affect
adversely a species or stock through effects on annual rates of recruitment or survival.

A negligible impact on marine mammals occurs when

no mortality or serious injury to any marine mammal results; or

¢ o displacement of listed species or strategic stocks from critical habitat results; or
no displacement of any species from preferred feeding, breeding, or nursery grounds results;
or

o little or no disruption of behavioral patterns or other sublethal effects are evident.

USDOI, MMS (2001b), which serves as the basis for the impact criteria noted above, also defines
extent and duration of impact as follows. For marine mammal impact assessment, a “short-term” impact
can be defined as infrequent and temporary and characterized by sudden onset and short duration.
Short-term impacts may occur within fixed and varied geographic locations. Considering the average life
spans of marine mammals, the duration of a short-term impact would be one which may last seconds,
hours, or perhaps even up to several days. A “long-term” impact is an impact or series of impacts that are
characterized by long duration or frequent reoccurrence, typically within a specific geographic location.
Considering the average life spans of marine mammals, the duration of a long-term impact would be one
that may last an appreciable fraction of an individual animal’s lifetime (i.e., perhaps months to years). A
“local” (or “localized”) impact is one that occurs within a defined location, is not widespread or general in
extent, and affects only restricted numbers of individuals of one or more species but is unlikely to affect
the population status of the impacted species or stock of a species. A “regional” impact is one that may
affect the status of a species or local stock of a species. The areal extent of a regional impact may vary
greatly, ranging from a broad geographic area (one that encompasses one or more ecological habitats or
systems) to a much smaller area, as in the case where a species, stock, or a life stage of a species is
concentrated into a relatively small area (e.g., sperm whales off the Mississippi River delta). A “strategic
stock” includes those stocks that are not listed under ESA but that have estimated human-caused mortality
greater than PBR. The term “population stock” or “stock” means a group of marine mammals of the
same species or smaller taxa in a common spatial arrangement that interbreed when mature. The term
“PBR” refers to the maximum number of individuals of a particular marine mammal species, not
including natural mortalities, that may be removed from a stock while allowing that stock to reach or
maintain its optimum sustainable population. These significance criteria are consistent with impact
definitions outlined by Swartz and Hofman (1991), particularly as they pertain to a negligible impact.
Specifically, any impact that would increase the rate of decline of a declining species or population, or
affect a stable species or population, such that its distribution or size would be reduced for a period
greater than 1 year, generally could not be considered negligible (Swartz and Hofman, 1991).

An additional clarification of the significance criteria is warranted. How MMS defines
“negligible impact” in this PEA for NEPA purposes is different from “negligible impact” that NMFS has
defined in 50 CFR 216.103 for MMPA. The NMFS definition is “an impact resulting from the specified
activity that cannot be reasonably expected to, and is not reasonably likely to, adversely affect the species
or stock through effects on annual rates of recruitment or survival.” The NMFS definition of negligible
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impact under MMPA overlaps the adverse but not significant and negligible impacts as defined in this
EA.

From an auditory impact standpoint, one species (i.e., Bryde's whale) may potentially realize an
impact based on its presumed hearing capabilities, while two other marine mammal taxa (i.e., sperm
whale, beaked whales) may be at potential risk of exposure and subsequent impact on the basis of their
deep-diving habits and undefined potential for low frequency sensitivity. Bryde’s whales are most likely
to be present in the Eastern Planning Area, where a relatively low level of future seismic survey activity
(i.e., as compared to the Western and Central Gulf) is anticipated. Sperm whales are common in the
northern Gulf, particularly in shelf-edge and slope waters off the Mississippi River delta. As noted by
Norris et al. (2000), this is an area of intense industry activity, and it is unknown whether the site fidelity
of sperm whales reflects low sensitivity to seismic noise or a high motivation to remain in the area.
Historically, sightings of sperm whales have been made in the north-central GOM as far back as the
mid-1800’s (Townsend, 1935). Beaked whales also appear to prefer deep water, though little is known of
their respective life histories. Stomach content analyses suggest that these whales feed primarily on deep
water cephalopods, although they will also take fishes and some benthic invertebrates. In the Gulf,
beaked whales have been sighted at the sea surface between the 700 and 2,000 m isobaths.

The Proposed Action may result in behavioral responses that could be interpreted as Level B
harassment (see Appendix B, Section I.B - Harassment Definitions). However, due to the absence of
behavioral harassment criteria, the limited data on response thresholds (particularly for odontocetes), the
presumption but uncertainty of hearing sensitivities, and lack of a basis to interpret the biological
importance of such behavioral responses to the marine mammal stock, it would be inappropriate to base a
significance determination on behavioral responses alone. In evaluating the significance of behavioral
responses, several observations are relevant. First, there presently is no evidence that significant adverse
behavioral impacts attributable to seismic survey activity are occurring to marine mammals in the GOM.
However, there are no historic data on marine mammal distributions or abundance estimates in the Gulf
prior to the onset of seismic profiling surveys. There are no regular mass strandings or other similar
events that may be attributed to impacts associated with seismic activities on the continental shelf of the
northern Gulf, though seismic surveys have been occurring there with some regularity for decades.
Second, there is no evidence to suggest that seismic surveys are displacing marine mammals either
permanently or for significant periods of time from areas of the GOM, including those areas that may
serve as important habitat (i.e., critical or preferred habitats). Areas that are -currently
federally-designated as critical habitat for marine mammals in the Gulf consist only of selected coastal
and inshore areas in peninsular Florida (i.e., for the Florida manatee) that extend from the Crystal River
area south through the Florida Keys. Preferred habitats include, but are not limited to, the productive
continental slope waters off of the Mississippi River delta and in the southeastern Gulf off the Dry
Tortugas for sperm whales, and a selected area on the outer shelf off northwest Florida (northeastern
Gulf) for Bryde’s whale (W. Hoggard, NMFS, oral comm., 2001). Other Gulf habitats that may support
aggregations of marine mammals, such as cold core rings (i.e., cyclonic, mesoscale eddy features
characterized by relatively colder, upwelled water at their center), are dynamic, mesoscale oceanographic
features. It is very unlikely that marine mammals would be displaced entirely, or for long periods of time,
from such areas. Generally, it is presumed that a spatial displacement of marine mammals from a specific
seismic survey’s “zone of responsiveness” would be expected to be short-term in duration. Third, unlike
the Pacific coast where most observations of behavioral responses to seismic surveys have been recorded,
there are no known migratory corridors of a similar nature in the GOM. Therefore, seismic surveys in the
GOM are not displacing mammals from migratory corridors.

Impacts on Sperm Whales: 1f sperm whales are unable to avoid exposure to noise levels >180 dB
re 1 pPa in their range of sensitive frequencies, then there is a reasonable potential that sperm whales may
experience noise levels that could potentially cause auditory impairment and/or behavioral disturbance.
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However, just entering the 180-dB zone does not necessarily mean that whales will be adversely affected
by alterations in hearing ability or behavior. The areas of most concern are in the oceanic Gulf, offshore
of the Mississippi River mouth (and extending east to the De Soto Canyon area in the Eastern Planning
Area), where aggregations of sperm whales are sighted with regularity. Although sperm whales
apparently are not being permanently displaced from this area due to seismic surveys, it is unknown
whether their site fidelity reflects low sensitivity to seismic noise or a high motivation to remain in the
area in spite of this noise. Because there is some evidence of sperm whale responses to low frequency
noise, including possibly leaving an area where seismic surveys were occurring, it is reasonable to
presume that these animals may be exposed to aversive noise levels (i.e., noise levels that would cause
behavioral modification, such as avoidance or displacement) in their preferred habitat. Minor behavioral
disruption typically does not adversely affect either the individual or the population. However, there is no
evidence that behavioral changes prompted by seismic noise are, or are not, of sufficient magnitude to
have meaningful effects on the population.

In the absence of appropriate criteria and data documenting physiological damage, a more useful
approach to the determination of effects may be obtained through assessing the PBR, or the potential for
displacement from preferred habitat (e.g., preferred feeding, breeding, or nursery habitat; key habitat) or
substantial alteration in behavior among species of concern. Reviewing the significance criteria noted
previously as they apply to sperm whales, exposure to seismic operations in the GOM is not expected to
1) result in any mortality or serious injury (i.e., no exceedance of the PBR level) to sperm whales;
2) displace sperm whales from key habitat; 3) result in long-term or permanent displacement of sperm
whales from preferred feeding, breeding, or nursery habitats; and 4) result in a substantial or chronic
disruption of behavioral patterns to an extent that may adversely affect sperm whales through effects on
annual rates of recruitment or survival. There is also potential for solitary individuals to be present
throughout the GOM. Therefore, impacts from seismic operations are considered potentially adverse but
not significant. Adverse impacts, although not considered significant, could be mitigated by operational
restrictions (i.e., prohibiting concurrent surveys in areas of known sperm whale aggregation), or by
requiring further mitigation (i.e., any seismic surveys in this area to include passive acoustic monitoring
or passive and active acoustic monitoring to ensure that sperm whales are not exposed to potentially
damaging or aversive noise levels). These measures and restrictions are discussed under Alternatives 2,
3, and 4.

Impacts on Bryde’s Whales: Seismic surveys, especially in the Eastern Planning Area, pose some
risk of auditory impairment and/or behavioral disturbance to Bryde’s whales if the whales are capable of
hearing the noise and are unable to avoid exposure. Impacts in the Central and Western Planning Areas
are less likely given the low frequency of sightings of this species there. However, in either case, G&G
seismic activities could potentially result in auditory impairment and/or behavioral disturbance for whales
unable to avoid exposure.

Reviewing the significance criteria noted previously as they apply to Bryde’s whales, exposure to
seismic operations in the GOM is not expected to 1) result in any mortality or serious injury (i.e., no
exceedance of the PBR level) to Bryde’s whales; 2) displace Bryde’s whales from key habitat; 3) result in
long-term or permanent displacement of Bryde’s whales from preferred feeding, breeding, or nursery
habitats; and 4) result in a substantial or chronic disruption of behavioral patterns to an extent that may
adversely affect Bryde’s whales through effects on annual rates of recruitment or survival. Therefore,
G&G seismic operations produce a potentially adverse but not significant impact to Bryde’s whales.
Although not significant, this potential impact could be mitigated by operational restrictions (no
concurrent survey activity) in areas where sightings are more common (e.g., the Eastern Planning Area),
or by requiring seismic surveys to include passive acoustic monitoring or passive and active acoustic
monitoring to ensure that Bryde’s whales are not exposed to potentially damaging or aversive noise
levels. These measures and restrictions are discussed under Alternatives 2, 3, and 4.
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Impacts on Beaked Whales: Little is known of the hearing and auditory responses of beaked
whales. Due to their deep diving habits, they are at a risk similar to sperm whales for auditory
impairment from seismic arrays passing over them. Reviewing the significance criteria noted previously,
exposure to seismic operations in the GOM is not expected to 1) result in any mortality or serious injury
to beaked whales (i.e., no exceedance of the PBR level [PBR available only for Cuvier’s beaked whale]);
2) displace beaked whales from key habitat; 3) result in long-term or permanent displacement of beaked
whales from preferred feeding, breeding, or nursery habitats; and 4) result in a substantial or chronic
disruption of behavioral patterns to an extent that may adversely affect beaked whales through effects on
annual rates of recruitment or survival. Given the problematic nature of sightings data for these species in
the Gulf, beaked whales may be more prevalent than current data sources suggest. In view of the paucity
of data on these species, it is assumed that impacts of G&G seismic activities on beaked whales are, as is
the case with sperm whales, potentially adverse but not significant.

Impacts on Other Cetaceans: Impacts of G&G seismic activities on other cetaceans are
potentially adverse but not significant. Physical injury and auditory impairment are possible but would
most likely be limited to those animals found within close proximity to a firing airgun, a zone that would
presumably be avoided by marine mammals. Seismic surveys may cause behavioral responses, but there
is no evidence for, nor reason to anticipate, that they are having adverse effects on cetacean populations.
Mortality or serious injury are not expected, nor is substantial displacement or disruption of important
behavioral patterns to other cetaceans expected.

Impacts on Manatees: Impacts of G&G seismic activities on manatees are negligible. Due to
their coastal habitat, these animals are unlikely to come in contact with offshore G&G operations.
Existing mitigation measures protect manatees against coastal vessel traffic.

3. Impacts of Routine Activities - Alternative 2 (Addition of Vessel-based Passive Acoustic
Monitoring as a Requirement)

Alternative 2 requires the use of passive acoustic monitoring in conjunction with existing NTL
requirements (i.e., ramp-up, visual monitoring) for all seismic surveys in water depths greater than 200 m
throughout the GOM and all OCS waters (regardless of water depth) in the Eastern Planning Area. This
potential mitigation measure has been evaluated in Appendix E, Section II - Mitigation Measures and
Operational Restrictions. Major summary points are noted below.

Alternative 2 — Under this alternative, acoustic monitoring is passive (i.e., no acoustic sources are
used, only listening devices) and can occur either from a vessel-based system or from a hydrophone or
sonobuoy array placed on the seafloor, or both. Operations conducted in the Alaskan Beaufort Sea used
both approaches, while a sonobuoy array was used in the Santa Barbara Channel and hydrophones were
used in Puget Sound.

There are recognizable limitations to passive acoustic monitoring. From an operational
perspective, it may prove difficult to monitor for biological sound sources during a seismic survey.
Determinations of range and bearing (e.g., are the sources within the exclusion zone, are the sources
approaching the exclusion zone, etc.) also may be problematic. From a biological standpoint, not all
marine mammal species vocalize continuously or for a high proportion of time. This measure is
appropriate mitigation for sperm whales (which do vocalize for a high proportion of time) but is not
expected to be useful in monitoring for Bryde’s and beaked whales unless they vocalize.

Impacts on Sperm Whale: Under this alternative, impacts to sperm whales would be mitigated as
follows. All seismic surveys being conducted at water depths greater than 200 m throughout the GOM
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and all OCS waters of the Eastern Planning Area (including areas off the Mississippi River mouth and the
Eastern Planning Area where aggregations of sperm whales are sighted with regularity) would include
compliance with existing NTL requirements (i.e., ramp-up, visual monitoring) to ensure that sperm
whales are not present within the 500-m (radial distance) exclusion zone; and real-time passive acoustic
monitoring to ensure that sperm whales are not present within the exclusion zone. As noted previously,
implementation of ramp-up and visual monitoring is expected to reduce the potential for acoustic impacts
to sperm whales. However, there are limitations to visual monitoring. Addition of passive acoustic
monitoring will help to reduce the limitations inherent in visual monitoring. Ramp-up and visual
monitoring will reduce the probability that marine mammals will move into the exclusion zone, thereby
risking hearing impairment. Passive acoustic monitoring will be useful in identifying sperm whale
vocalizations (clicks) and vocalizations from other marine mammals. While existing NTL-based
mitigation measures offer some level of reduction in potential impact, the addition of passive acoustic
monitoring as a requirement further maximizes mitigation effectiveness. In all cases, impacts are
expected to remain potentially adverse but not significant.

Impacts on Bryde’s Whale: Under this alternative, impacts to Bryde’s whales would be mitigated
as follows. All seismic surveys (under the water depth restrictions noted above) in the Gulf would
include ramp-up procedures, and visual monitoring to ensure that Bryde’s whales are not present within
the exclusion zone. Implementation of passive acoustic monitoring is expected to reduce impacts to
Bryde’s whales in the event that whales that are present are vocalizing. Impacts are expected to remain
potentially adverse but not significant.

Impacts on Beaked Whales: Under this alternative, impacts to beaked whales would be mitigated
as follows. All seismic surveys (under the water depth restrictions noted above) in the Gulf would
include ramp-up procedures and visual monitoring to ensure that beaked whales are not present within
the exclusion zone. Implementation of passive acoustic monitoring is expected to reduce impacts to
beaked whales in the event that whales that are present are vocalizing. Impacts are expected to remain
potentially adverse but not significant.

Impacts on Other Cetaceans: Impacts of G&G seismic activities on other cetaceans would, in
general, remain the same as compared to those projected under Alternative 1 (i.e., potentially adverse but
not significant) because of the limitations associated with passive acoustic monitoring (i.e., lack of
vocalization for some marine mammal species).

Impacts on West Indian Manatee: Impacts of G&G seismic activities on manatees would be the
same as under Alternative 1, i.e., negligible. Due to the coastal habitat, these animals are unlikely to
come in contact with offshore G&G operations. Existing mitigation measures protect manatees against
coastal vessel traffic.

4. Impacts of Routine Activities - Alternative 3 (Addition of Both Passive and Active Acoustic
Monitoring as Requirements)

Under Alternative 3, both passive and active acoustic monitoring would be required,
supplementing existing NTL-based mitigation measures (i.e., ramp-up and visual monitoring). This
alternative includes the same depth restrictions as noted under Alternative 2. The same benefits noted
previously (under Alternatives 1 and 2) for ramp-up and visual monitoring remain. This alternative also
includes the use of passive and active acoustic monitoring further to ensure that the exclusion zone
remains clear of marine mammals while the array is ramped up.

Impacts on Sperm Whale: Under this alternative, impacts to sperm whales would be mitigated as
follows. All seismic surveys (i.e., in all OCS waters >200 m deep throughout the GOM and all OCS
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waters [regardless of water depth] in the Eastern Planning Area, including the areas off the Mississippi
River mouth and the Eastern Planning Area where aggregations of sperm whales are sighted with
regularity) would include NTL-based operational requirements (i.e., ramp-up procedures and visual
monitoring) and the use of both passive and active acoustic monitoring to ensure that sperm whales are
not present within the exclusion zone. Implementation of passive acoustic monitoring is expected to
reduce the potential for noise impacts to sperm whales when whales are vocalizing. Sperm whales
vocalize frequently, therefore, passive acoustic monitoring is expected to be an effective mitigation
measure. Addition of passive acoustic monitoring also will help to reduce the limitations inherent in
visual monitoring. Use of active acoustic monitoring may provide additional mitigation; however, there
are limitations and potential impacts associated with this mitigation measure (e.g., active source may be
more harmful than the seismic source being mitigated; limited detection range; inability to determine
species based purely on animal size; see Appendix E, Section I1.B.4 - Acoustic Monitoring). Passive
acoustic monitoring offers an increased potential for identification of sperm whales in proximity to
seismic operations; active acoustic monitoring of sperm whales is problematic. Because the potential for
acoustic impact cannot be completely eliminated, impacts are expected to remain potentially adverse but
not significant.

Impacts on Bryde’s Whale: Under this alternative, impacts to Bryde’s whales would be mitigated
as follows. Under the same depth restrictions noted above, all seismic surveys would include NTL-based
operational requirements (i.e., ramp-up and visual monitoring in water depths >200 m throughout the
GOM; all OCS waters [regardless of water depth] in the Eastern Planning Area) and the use of passive
and active acoustic monitoring to ensure that Bryde's whales are not present within the exclusion zone.
As noted previously, implementation of passive acoustic monitoring is expected to reduce impacts to
Bryde’s whales when whales are vocalizing. While Bryde's whales vocalize, frequency of vocalization is
unknown and, therefore, problematic. Effectiveness of passive acoustic monitoring of Bryde's whales
will be limited; further, the limited distribution of Bryde's whales (i.e., Eastern Planning Area,
100-200+ m water depths) limits the utility of passive acoustic monitoring. For active acoustic
monitoring, there are limitations and potential impacts associated with this mitigation, as noted above
(e.g., active source may be more harmful than the seismic source being mitigated, etc.). Due to limited
utility of passive acoustic monitoring and limitations associated with active acoustic monitoring, impacts
to Bryde's whales under this alternative are expected to remain potentially adverse but not significant.

Impacts on Beaked Whales: Under this alternative, impacts to beaked whales would be mitigated
as follows. Under the same depth restrictions noted above, all seismic surveys would include NTL-based
operational requirements (i.e., ramp-up and visual monitoring in water depths >200 m in all Gulf waters;
all OCS waters in the Eastern Planning Area) and the use of passive and active acoustic monitoring to
ensure that beaked whales are not present within the exclusion zone. As noted previously,
implementation of passive acoustic monitoring is expected to reduce the potential for impacts to beaked
whales when whales vocalize. Beaked whales vocalize; however, the frequency of their vocalizations is
unknown and, therefore, problematic. For active acoustic monitoring, there are limitations and potential
impacts associated with this mitigation, as noted previously. Due to limited utility of passive acoustic
monitoring and limitations associated with active acoustic monitoring, impacts to beaked whales under
this alternative are expected to remain potentially adverse but not significant.

Impacts on Other Cetaceans: Impacts of G&G seismic activities on other cetaceans would, in
general, be the same as under Alternative 1. Passive acoustic monitoring would be effective only for
those cetaceans that vocalize. Active acoustic monitoring has limitations and potential impacts associated
with use of this mitigation. Impacts of this alternative on other cetaceans are expected to remain the same
as noted under Alternative 1 (i.e., potentially adverse but not significant).
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Impacts on West Indian Manatee: Impacts of G&G seismic activities on manatees would be the
same as under Alternative 1, i.e., negligible. Due to the coastal habitat, these animals are unlikely to
come in contact with offshore G&G operations. Existing mitigation measures protect manatees against
coastal vessel traffic.

5. Impacts of Routine Activities - Alternative 4 (Restrict G&G Seismic Survey Activities)

Under Alternative 4, G&G seismic surveying operations would be subject to an operational
restriction — prohibition of simultaneous surveys by more than one G&G survey vessel in those portions
of the GOM most frequented by sperm whales and/or Bryde’s whales. Note: The second part of this
alternative — cessation of all types of seismic surveys in the those portions of the GOM most frequented by
sperm whales and/or Bryde’s whales (i.e., spatial exclusion) — fails to fully meet the purpose and need
(see PEA Section ILE.4 - Evaluation Relative to Purpose and Need) and was removed from further
consideration. Consideration also was given to restricting all seismic surveys (in those portions of the
GOM most frequented by sperm whales) on a seasonal basis (i.e., temporal exclusion). However, this
restriction was removed from further consideration, as detailed in Appendix E (see Section ILB.1 -
Geographic and Seasonal Restrictions).

Alternative 4 (i.e., restrictions on concurrent seismic operations in areas most frequented by
sperm and Bryde’s whales) remains a viable alternative, with qualification. Current industry practice
effectively eliminates concurrent seismic operations in the same general area, as discussed in
Appendix E, Section II.B.5 - Operational Restrictions. @ While minimum separation distance
requirements are dependent upon various factors (e.g., output of each array, physical characteristics of the
environment, relative orientation of each survey vessel, etc.), it is optimal to have two seismic survey
vessels far enough apart so that each vessel is hearing only ambient noise. As noted in Appendix E,
Section II.B.5, background noise levels in the Gulf are assumed to be on the order of 140 dB re 1 pPa.
Under optimal conditions, seismic survey vessels and their arrays should be separated by 3.1 to 4.0 km,
the approximate dimension of a single OCS lease block. Given the impact zone calculations presented
previously (i.e., ~300 m to the 180-dB isopleth), it is highly unlikely that a marine mammal would realize
acoustic impact from the simultaneous firing of airguns during concurrent operations located in adjacent
lease blocks (see Appendix C, Section III - Seismic Source Levels and Figures C-8 and C-9). Details
of the calculations used to derive this radial distance are provided in Appendix C, Section III - Seismic
Source Levels.

Multiple vessels (e.g., multi-ship surveys) may also be employed, as described in Appendix D
(Section I.A - Seismic Surveys), to conduct ocean bottom cable surveys and vertical cable surveys.
Depending upon whether 2D or 3D operations are being conducted, two ships are placed one behind the
other, towing single or multiple streamer cables. Streamer length is sufficient to record seismic data at
distances of 8 to 12 km. In both of these cases, only one airgun array is operational. Therefore, it would
not be possible for a marine mammal to be positioned between two survey vessels, both of which would
be firing their airguns. In summary, marine mammal exposure to seismic survey noise will be similar,
regardless of whether the sound source originates from concurrent single or multi-ship surveys, or
concurrent multiple surveys. The advantage of this mitigation rests with the elimination of continued or
multiple exposure, even at very low levels, for concurrent survey activities (i.e., marine mammals hearing
more than one airgun array).

Impacts on Sperm Whale: Under this alternative (Alternative 4), impacts to sperm whales would
be slightly reduced from those noted under Alternative 1. Impacts are expected to remain potentially
adverse but not significant.
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Impacts on Bryde’s Whale: Under this alternative (Alternative 4), impacts to Bryde’s whales
would be slightly reduced from those noted under Alternative 1. Impacts are expected to remain
potentially adverse but not significant.

Impacts on Beaked Whales: Under this alternative (Alternative 4), impacts to beaked whales
would be slightly reduced from those noted under Alternative 1. Impacts are expected to remain
potentially adverse but not significant.

Impacts on Other Cetaceans: Impacts of G&G seismic activities on other cetaceans under this
alternative (Alternative 4) would be slightly reduced from those noted under Alternative 1. Impacts are
expected to remain potentially adverse but not significant.

Impacts on West Indian Manatee: Impacts of G&G seismic activities on manatees would be the
same as under Alternative 1, i.e., negligible. Due to the coastal habitat, these animals are unlikely to
come in contact with offshore G&G operations. Existing mitigation measures protect manatees against
coastal vessel traffic.

6. Impacts of Accidents

Marine mammals could be affected by accidentally spilled lubricating oil or diesel fuel from a
vessel associated with G&G operations or by jet fuel leaking from a streamer array under tow by a G&G
vessel. The deliberate discharge of oil or fuel in U.S. waters is prohibited under MARPOL, Annex V,
Public Law 100-220 (101 Statute 1458). Effects of spilled oil on marine mammals are discussed by
Geraci and St. Aubin (1987), and more recently summarized by USDOI, MMS (2002a). Oil may affect
marine mammals through various pathways: surface contact with skin and mucous membranes,
inhalation, ingestion (either directly or through the ingestion of oiled prey), or (in the case of mysticete
whales) fouling of baleen plates (USDOI, MMS, 2001b, 2002a). The types and relative risks of G&G
vessel accidents are discussed in detail within Appendix K (Risk of Vessel Accidents). As discussed in
Appendix K, the risk of G&G vessel accidents is low (e.g., three incidents reported in the GOM during
1996 and 1997 involving "research vessels," inclusive of G&G vessels). Records of the volumes of
released lubricating oil or diesel fuel in documented G&G vessel accidents have generally been low (i.e.,
two to five minor releases per year in the GOM). Streamers containing jet fuel hold only small volumes;
the unlikely release of some or all of this volatile fuel from a single streamer into the water is not
expected to result in a significant impact to marine mammals. Thus, incidents involving the release of oil
or fuel from vessels associated with G&G operations are not expected to result in significant impacts to
marine mammals. Impacts are thus negligible.

7. Cumulative Impacts

The cumulative activity scenario is presented in Appendix J (Cumulative Activity Scenario
and Associated Impacts). Major impact producing factors under the cumulative activity scenario
include vessel traffic (i.e., cargo, tanker, military, commercial fishing, recreational boating) and its
associated noise and shipstrike potential. Impacts from vessel traffic under the cumulative scenario are
potentially adverse but not significant. In terms of vessel activity levels, seismic survey vessel activity
represents a very small component of total vessel activity in Gulf waters. For example, oil and gas
support vessels account for approximately one quarter of a million transits per year in Gulf waters, with
commercial vessels >10,000 dead weight tons (DWT) contributing another 36,000 trips (see Appendix F,
Section IL.E - Marine Transportation). By comparison, approximately 30 seismic surveys may occur
annually in the Gulf, or 0.01% of the activity from these three sources (i.e., oil and gas support operations,
commercial cargo and tanker activity, seismic surveys). Commercial fishing and recreational boating,
military operations, and ocean study activities also contribute to the cumulative vessel activity level,
further reducing the relative contribution from seismic surveys. Therefore, G&G operations contribute an
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extremely minor amount of additional vessel activity in the GOM. Under the assumption that future
seismic survey activity levels will generally conform to those noted in PEA Section I1.B.2 - Level of
Activity and Appendix D (Section V - Level of Activity), seismic vessel activity is not expected to
produce a significant incremental increase in vessel activity levels. The cumulative incremental impact
attributed to G&G vessel operations is negligible. In summary, cumulative impacts to marine mammals
from vessel traffic and noise will remain potentially adverse but not significant.

Measurements of ambient noise levels in the GOM are lacking. According to the predominant
noise sources identified in Appendix F (Section IV - Noise Environment) for the GOM and their
relative contributions to total noise levels, seismic surveys represent a relatively minor, intermittent, and
non-stationary component of the overall noise environment. Seismic surveys produce repetitive,
localized, and short-term increases in ambient noise levels, with the period between potential exposure
ranging from hours to days (i.e., time between separate passes of a seismic survey vessel). In the
near-field, within ~300 m or so of an array, received sound levels may reach or exceed 180 dB re 1 pPa
(rms). At greater distances, sound from a seismic survey is of a similar nature to other commercial vessel
activity. Given the current level of vessel activity and its associated infrastructure, future seismic survey
activity is not expected to produce a significant incremental increase in ambient noise levels. Analysis of
cumulative noise impacts on marine mammals in the GOM (provided in Appendix J) suggests that
impacts are potentially adverse but not significant. The cumulative incremental impact attributed to
G&G vessel noise is negligible.

C. SEA TURTLES

1. Affected Environment

Five species of sea turtles are known to inhabit the GOM (Pritchard, 1997). These are the
loggerhead, leatherback, Kemp’s ridley, green, and hawksbill turtles. All five species are listed as either
endangered or threatened species under the ESA (Pritchard, 1997). Additional information on sea turtle
species of the GOM is provided in Appendix F (Section I.B - Sea Turtles).

The loggerhead turtle (Caretta caretta), a threatened species, is 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 has been reported from Texas through Alabama as well (NMFS and
USFWS, 1991a). Loggerhead turtles have been primarily sighted in waters over the continental shelf,
although many surface sightings of this species also have been made over the outer slope, beyond the
1,000-m isobath. Sightings of loggerheads in waters over the continental slope suggest that they may be
in transit through these waters to distant foraging sites or while seeking warmer waters during winter.
Although loggerheads were widely distributed across the shelf during both summer and winter, their
abundance in surface waters over the slope was greater during winter than summer (Mullin and Hoggard,
2000).

The leatherback turtle (Dermochelys coriacea), an endangered species, is the most abundant turtle
in waters over the northern GOM continental slope (Mullin and Hoggard, 2000). It is the most pelagic
and wide-ranging sea turtle, undertaking extensive migrations from the tropics to boreal waters.
Leatherback nesting within the continental U.S. is limited to eastern Florida (NMFS and USFWS, 1992a;
Ernst et al., 1994; Meylan et al., 1995). Leatherbacks spatially appear to use both continental shelf and
slope habitats in the GOM (Fritts et al., 1983a,b; Collard, 1990; Davis and Fargion, 1996). GulfCet I
and II surveys suggest that the region from Mississippi Canyon to De Soto Canyon, especially near the
shelf edge, appears to be an important habitat for leatherbacks (Mullin and Hoggard, 2000). Temporal
variability in leatherback distribution and abundance suggests that specific areas may be important to this
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species, either seasonally or for short periods of time. During the GulfCet I and II programs, leatherbacks
were sighted frequently during both summer and winter (Mullin and Hoggard, 2000).

The Kemp’s ridley turtle (Lepidochelys kempi) is an endangered species and the smallest sea
turtle. Survey data from the GOM suggest that Kemp’s ridley turtles occur mainly in waters over the
continental shelf. Juvenile and adult Kemp’s ridleys are typically found in shallow areas and especially in
areas of seagrass habitat (Marquez, 1990; NMFS and USFWS, 1992b; Ermnst et al., 1994). The major
nesting area for this species is near Rancho Nuevo, along the northeastern coast of Mexico (Tamaulipas),
although scattered nesting has also been reported in other areas of Mexico and Texas, Colombia, Florida,
and South Carolina (Ernst et al., 1994). Adult Kemp’s ridleys exhibit extensive interesting movements,
although they appear to travel near the coast, especially within shallow waters along the Louisiana coast.

The green turtle (Chelonia mydas) is listed as threatened, except for the Florida breeding
population, which is listed as endangered. This species is found throughout the GOM. They occur in
small numbers over seagrass beds along the south Texas coast and the Florida Gulf coast. Reports of
green turtle nesting along the GOM coast are infrequent, and the closest important nesting aggregations
are along the Florida East coast and the Yucatan Peninsula (NMFS and USFWS, 1991b).

The hawksbill turtle (Eretmochelys imbricata), an endangered species, has been recorded in all
the Gulf states (NMFS and USFWS, 1993). However, sightings north of Florida are rare. This is the
least common sea turtle in the GOM (Marquez, 1990; Hildebrand, 1995). Hawksbill nesting within the
continental United States is limited to southeastern Florida and the Florida Keys.

There are no designated critical habitats for sea turtles in the northern GOM. NMEFS does
recognize many coastal areas of the Gulf as preferred habitat (important, sensitive habitats that are
essential for the species within a specific geographic area) — e.g., seagrass beds in Texas lagoons and
other nearshore or inshore areas (including jetties) for green turtles; bays and lakes, especially in
Louisiana and Texas for ridleys. Sargassum mats also are recognized as preferred habitat for hatchlings.
There are no designated migratory routes for turtles in the Gulf.

2. Impacts of Routine Activities - Alternative 1 (Proposed Action)

The main concern from an impact perspective is noise from seismic surveys. In addition, most
G&G seismic activities involve vessel traffic, which carries some risk of collisions with turtles.

a. Seismic Surveys

Impacts of seismic surveys on sea turtles may include auditory trauma (impact) and/or behavioral
disturbance. Information on sea turtle hearing and auditory impacts is reviewed in Appendix H
(Sea Turtle Hearing and Sensitivity to Acoustic Impact).

1) Sea Turtle Hearing

Relatively little is documented or understood, for any sea turtle species, about their hearing ability
or their dependency on sound, passive or active, for survival cues. Moreover, since sea turtles often have
been reported to show a lack of response to even intense sounds (Wever, 1978), they were initially
characterized as having insensitive hearing capabilities. Differences in hearing capability (frequency
selectivity and threshold levels) among species and life history stages have not been documented for sea
turtles in the literature. In fact only two species, loggerhead and green sea turtles, and one life history
stage, juvenile, have undergone any auditory investigations.
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The anatomy of the sea turtle ear does not lend itself to aerial conduction but rather is structured
for sound conduction through two media, bone and water (Békésy, 1948; Lenhardt, 1982; Lenhardt and
Harkins, 1983).

Auditory testing and behavioral studies show that turtles can detect low-frequency sounds such as
those produced by airguns. Ridgway et al. (1969) determined that green sea turtles detected sound
frequencies in the range of 200 to 700 Hz and displayed a high level of sensitivity at the low tone region
of about 400 Hz. Bartol et al. (1999) studied juvenile loggerhead turtles and determined that maximum
sensitivity was in the region of 250 to 1,000 Hz. The decline in sensitivity was rapid after 1,000 Hz, and
the most sensitive threshold tested was found to be at 250 Hz. For various reasons noted in the following
discussions, neither of these tests can be used to calculate hearing thresholds in dB re 1 pPa, which are the
appropriate units for evaluating underwater sound sources. They serve mainly to indicate the frequency
range that is likely to be detected by sea turtles.

2) Behavioral Responses to Airgun Noise

Two studies have examined the response of juvenile loggerheads to sound in their natural
environment (O’Hara and Wilcox, 1990; Moein et al., 1995). Both studies used airguns as an acoustic
repelling device for sea turtles.

O’Hara and Wilcox (1990) attempted to create a sound barrier for loggerhead turtles at the end of
a canal of Florida Power & Light using seismic airguns. The test results indicated that at 140 kg/cm?, the
airguns were effective as a deterrent for a distance of about 30 m. The sound output of this system was
characterized as approximately 220 dB re 1 uPa at 1 m in the 25- to 1,000-Hz frequency range. However,
this study did not account for the reflection of sound by the canal walls. Consequently, the stimulus
frequency and intensity levels are ambiguous (O’Hara and Wilcox, 1990).

Moein et al. (1995) investigated the use of airguns to repel juvenile loggerhead sea turtles from
hopper dredges. A net enclosure (approximately 18 m x 61 m x 3.6 m) was erected in the York River,
Virginia to contain the turtles, and an airgun was stationed at each end of the net. Using a float attached
to the posterior of the carapace, the position of the turtle was noted as the airguns fired. Sound
frequencies of the airguns ranged from 100 to 1,000 Hz (Zawila, 1995). Three source levels (175, 177,
and 179 dB re 1 pPa at 1 m) were used. Beginning at the 175 dB source level, one airgun fired every 5 s
for 5 min, followed by a 10-min resting period. Then, the airgun at the other end fired using the same
source level. This was repeated using the successively higher source levels, resulting in exposure to a
total of 30 min of airgun pulses. Avoidance of the airguns was observed upon first exposure for the
juvenile loggerheads. However, these animals also appeared to habituate to the sound stimuli. After
three separate exposures to the airguns, the turtles no longer avoided the stimuli (Moein et al., 1995).
Another possible interpretation is that the turtles gave up trying to avoid the airguns, since they could not
truly escape the noise (J. Sigurdson, Department of the Navy, oral comm., 2000).

3) Auditory Trauma

There are two types of potential trauma for an animal from acoustic stimuli: lethal and sublethal.
Typically, trauma that produces a lethal effect, trauma so severe that an animal in close proximity to an
intense sound source dies within minutes, is not limited to impacts on the auditory system (i.e., the
acoustic wave damages tissues other than those associated with hearing). This effect has been
documented in association with use of underwater explosives (O’Keeffe and Young, 1984; Klima et al.,
1988) but not seismic surveys using airguns. Sublethal impacts of acoustic impulses on the hearing
system of sea turtles have been examined in only one study.
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The extent of trauma to the auditory system is usually placed into two categories, both of which
represent hearing impairment: PTS and TTS (Saunders et al., 1985; Lenhardt, 1986). Threshold levels of
hearing are defined as the minimum intensity required for perception of that sound by an individual.
Threshold levels will differ by frequency and are usually recorded from a subject animal without the
interference of background noise. Loss of sensitivity, or an increase in the threshold level due to trauma,
is a threshold shift. If this loss is irreversible, then a PTS has occurred. This PTS could result from direct
damage to the middle ear (i.e., the tympanum or columella) or inner ear (hair cells). If the sensitivity
levels return to normal after a period of time, then the threshold shift is temporary (TTS). Many factors
can determine the extent and duration of a TTS in an animal, including the frequency, intensity, and
duration of the damaging sound. TTS can extend over a wide range of frequencies or be limited to a
narrow band, and normal hearing can return over a period of days, or months (Melnick, 1991; Lombarte
et al., 1993; Hastings et al., 1996).

Possible response to threshold shifts by an animal can vary tremendously, and behavioral
responses by sea turtles to TTS are unknown. Behavioral research on sea turtles in their natural
environment is difficult, and only a few studies have attempted to measure reactions of healthy animals to
sound stimuli, as noted previously. However, loss of hearing, either temporary or permanent, could
potentially prevent an individual animal from detecting predators or prey, from successfully navigating
along migration routes or to a nesting beach, or from avoiding man-made dangers, such as boating traffic,
to name a few.

One study has produced evidence of possible TTS in juvenile loggerhead sea turtles
(Caretta caretta) (Moein et al., 1995). The turtles in this study were used to test the efficacy of seismic
airguns to repel sea turtles from the path of hopper dredges. As noted previously, three source levels
(175, 177, and 179 dB re 1 uPa at 1 m) were used, and the animals were exposed to airgun pulses for a
total of 30 min (six 5-min intervals) (Moein et al., 1995; Zawila, 1995). Turtles were tested for stress
levels and hearing thresholds before and after the airgun trials. These health tests not only ensured that all
loggerhead turtles used in the net enclosure were healthy animals but also demonstrated the long-term
effects of sound exposure on the turtles. A temporary alteration of blood chemistry values after exposure
to the airguns indicated that these turtles might have been affected by exposure to repeated acoustic
stimuli. Values indicated both an increase in the stress level of the animal as well as damage to tissues.
However, the magnitude of the changes did not indicate serious injury to the turtles’ organs, and levels
returned to normal in approximately 2 weeks. Thus, this exposure to sound stimuli did cause minor, but
reversible, changes to the turtles’ tissues (Moein et al., 1995).

Hearing thresholds also were examined by Moein et al. (1995). Auditory evoked potentials were
recorded from these juvenile loggerheads, and auditory thresholds were obtained before the first testing
sequence in the net with the sound stimuli, within 24 h after each test, and approximately 2 weeks after
the last exposure to the airgun. Half of turtles tested exhibited a shift in the latency of their auditory
evoked potentials collected within 24 h of exposure (see Appendix H, Section IV.B - Auditory
Trauma). This shift was indicative of a change in the hearing physiology. However, in all five cases,
hearing capabilities of each turtle returned to normal by the end of 2 weeks, and the effect was always
temporary. Turtle position was not monitored in sufficient detail to calculate the received sound pressure
levels to which any of the affected turtles were exposed.

b. Vessel Traffic

G&G survey vessels may collide with sea turtles, causing death or injury. All of the recovery
plans for the listed sea turtles include vessel collisions as one of the factors affecting recovery, though
they are not among the principal concerns for any species (NMFS and USFWS, 1991a,b, 1992a,b, 1993).
Because sea turtles are submerged most of the time (Standora et al., 1984; Eckert et al., 1986, 1989;
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Keinath and Musick, 1993; Keinath et al., 1996), the overall risk of such collisions is low. The slow
speed of seismic survey vessels (typically 4.5 kn) and the possible avoidance of airgun noise by turtles
(discussed previously) are factors minimizing the risk of such collisions.

c Mitigation

Under existing regulations, use of explosives is prohibited except under written authorization
from the MMS (see Appendix E, Section II.A.2 - Stipulations and Protective Measures). This is a
measure intended to protect sea turtles, marine mammals, and other marine life. (It has been assumed that
no explosives would be used under the Proposed Action.) There are no other existing mitigation
measures specifically protecting sea turtles.

d. Significance Criteria and Evaluation
A significant adverse impact on sea turtles is one that is likely to cause

e death or life-threatening injury of one or more individuals of a sea turtle species (all are listed
as endangered or threatened); and/or

e long-term or permanent displacement of any sea turtle species from critical habitat or other
preferred feeding or breeding areas, nesting beaches, or migratory routes; and/or

e destruction or adverse modification of critical habitat for any listed species.

An adverse but not significant impact on sea turtles is one that is likely to cause

e minor injury (not life-threatening) of one or more individuals of a sea turtle species; and/or
e short-term displacement of any sea turtle species from critical habitat or other preferred
feeding or breeding areas, nesting beaches, or migratory routes.

A negligible impact on sea turtles is one that is likely to cause

* o injury to any sea turtle; and

e 1o displacement of any sea turtle species from critical habitat or other preferred feeding or
breeding areas, nesting beaches, or migratory routes; and

e little disruption of behavioral patterns or other non-injurious effects.

Significance criteria for sea turtles reflect their protected status under Federal law and parallel
criteria established in USDOI, MMS (2001b). One of the considerations in determining significance
under NEPA is “whether the action threatens a violation of Federal, State, or local law or requirements
imposed for the protection of the environment” (40 CFR 1508.27).

The ESA prohibits jeopardizing endangered and threatened species or adversely modifying
critical habitats essential to their survival. Section 7 of the Act requires consultation with NMFS and/or
USFWS (for Federal actions) if the applicant has reason to believe that an endangered or threatened
species may be present in the area affected by the project, and that implementation of the Proposed Action
will likely affect such species. Such consultation normally occurs between MMS and the appropriate
agencies during the EIS process for each lease sale. The Proposed Action is not likely to result in deaths
or mortal injuries of any listed sea turtles and therefore would not jeopardize the existence of any
endangered species. Furthermore, there are no designated critical habitats for sea turtles in the northern
GOM. Therefore, seismic surveys are not displacing sea turtles from critical habitat, or adversely
affecting such habitat.
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Very little is known about sea turtle hearing or the role of sound in their life cycle. Auditory
testing and behavioral studies show that turtles can detect and respond to low frequency sounds (250 to
1,000 Hz) from airguns. There is some indication of avoidance, at least initially, of airgun pulses with
source levels of 175 to 179 dB re 1 uPa (Moein et al., 1995). The sound pressure levels received by the
affected turtles are unknown, although obviously they were less than the source levels. Such levels
typically would extend several hundred meters laterally from a typical seismic array (see PEA
Section I1.B.3.c - Calculated Impact Zone). The same study produced possible evidence of a temporary
effect on the auditory response of turtles exposed to a total of 30 min of airgun pulses.

All five sea turtle species are assumed to be at some risk for auditory trauma, although hearing
data are available only for loggerhead and green turtles. Because sea turtles remain submerged much of
the time, they may be passed over by seismic arrays and therefore exposed to the highest sound levels,
which are directed downward. This may be particularly the case for leatherbacks, which are deep divers.

Hatchling sea turtles are probably at minimal risk for noise impacts. These animals inhabit
sargassum mats floating on the sea surface. Due to the attenuation pattern of airgun arrays (see
Appendix D, Section II.A - Airguns), seismic noise levels would be lowest in near-surface waters.

The Proposed Action may also result in behavioral responses such as avoidance of seismic survey
arrays. There is no evidence that adverse behavioral impacts are occurring. In offshore waters,
avoidance would cause only a temporary displacement from a particular geographic location during a
seismic survey. Offshore seismic survey noise would not displace turtles from preferred coastal habitats
such as seagrass beds in Texas lagoons, other nearshore or inshore areas (including jetties) for green
turtles, or bays and lakes (especially in Louisiana and Texas) for ridleys.

Impacts on Sea Turtles: Seismic survey noise may disturb sea turtles and may produce temporary
or permanent hearing impairment in some individuals but is unlikely to cause death or life-threatening
injury. Neither seismic surveys nor other G&G activities are expected to cause long-term or permanent
displacement from critical habitat or other preferred habitat, nor will they result in destruction or adverse
modification of critical habitat. Most G&G seismic activities involve vessel traffic, which carries some
risk of collisions with turtles. However, because sea turtles are submerged most of the time and may
avoid seismic arrays, the risk of death or life-threatening injury is low.

Visual monitoring required under NTL No. 2004-GO1 provides limited mitigation for sea turtles
found within the exclusion zone. It is noteworthy that sea turtles are difficult to observe in the field, and
previous mitigation monitoring efforts have underscored this limitation (e.g., Department of the Navy,
1998, 1999b, 2001b). Under optimal conditions of low sea state and proper sun angle, sea turtles may be
visible within a portion of the exclusion zone. Identification of floating sargassum rafts also has been
used as an indicator of sea turtle presence, particularly for juveniles (Department of the Navy, 1998).

Therefore, impacts of G&G seismic activities on sea turtles will be negligible most of the time,
with occasional impacts being potentially adverse but not significant (e.g., when a sea turtle cannot
avoid and is subsequently exposed to seismic survey noise).

3. Impacts of Routine Activities - Alternative 2 (Addition of Vessel-based Passive Acoustic
Monitoring as a Requirement)

Passive acoustic monitoring (Alternative 2) will not reduce impacts to sea turtles, given that sea
turtles do not vocalize. Lack of vocalization effectively eliminates this mitigation measure as it applies to
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sea turtles. Impacts to sea turtles under Alternative 2 remain the same as under Alternative 1 (i.e.,
impacts range from negligible to potentially adverse but not significant).

4. Impacts of Routine Activities - Alternative 3 (Addition of Both Passive and Active Acoustic
Monitoring as Requirements)

Implementation of both passive and active acoustic monitoring will not reduce impacts to sea
turtles, given that this group does not vocalize. Impacts to sea turtles under Alternative 3 are expected to
remain the same as under Alternative 1 (i.e., impacts range from negligible to potentially adverse but not
significant).

5. Impacts of Routine Activities - Alternative 4 (Restrict G&G Seismic Survey Activities)

Under Alternative 4, G&G seismic surveying operations would be subject to an operational
restriction — prohibition of simultaneous surveys by more than one G&G survey vessel in those portions
of the GOM most frequented by sperm whales and/or Bryde’s whales (Alternative 4). While these
operational restrictions are of primary importance to marine mammal species of concern, they are
unlikely to reduce impacts to sea turtles. Only those sea turtles present within these areas would realize
benefit from this mitigation. Therefore, sea turtle impacts under this alternative would be similar to those
under Alternative 1 (i.e., impacts range from negligible to potentially adverse but not significant).

6. Impacts of Accidents

Sea turtles could be affected by accidentally spilled lubricating oil or diesel fuel from a vessel
associated with G&G operations or by jet fuel leaking from a streamer array under tow by a G&G vessel.
The deliberate discharge of oil or fuel in U.S. waters is prohibited under MARPOL, Annex V, Public Law
100-220 (101 Statute 1458). Effects of spilled oil on sea turtles are discussed by Geraci and St. Aubin
(1987) and Lutcavage et al. (1995, 1997). Oil may affect sea turtles through various pathways: surface
contact with skin and mucous membranes, inhalation, or ingestion (either directly or through the ingestion
of oiled prey) (USDOI, MMS, 2001b). The types and relative risks of G&G vessel accidents are
discussed in detail within Appendix K (Risk of Vessel Accidents). As discussed in Appendix K, the
risk of G&G vessel accidents is low (e.g., three incidents reported in the GOM during 1996 and 1997
involving "research vessels," inclusive of G&G vessels). Records of the volumes of released lubricating
oil or diesel fuel in documented G&G vessel accidents has generally been low (i.e., two to five minor
releases per year in the GOM). Streamers containing jet fuel hold only small volumes; the unlikely
release of some or all of this volatile fuel from a single streamer into the water is not expected to result in
a significant impact to sea turtles. Thus, incidents involving the release of oil or fuel from vessels
associated with G&G operations are not expected to result in significant impacts to sea turtles. Impacts
are thus negligible.

7. Cumulative Impacts

The cumulative activity scenario is presented in Appendix J (Cumulative Activity Scenario
and Associated Impacts). Major impact producing factors under the cumulative activity scenario
include vessel traffic (i.e., cargo, tanker, military, commercial fishing, recreational boating) and its
associated noise and shipstrike potential. Impacts from vessel traffic under the cumulative scenario are
potentially adverse but not significant. In terms of vessel activity levels, seismic survey vessel activity
represents a very small component of total vessel activity in Gulf waters. For example, oil and gas
support vessels account for approximately one quarter of a million transits per year in Gulf waters, with
commercial vessels >10,000 DWT contributing another 36,000 trips (see Appendix F, Section IL.E -
Marine Transportation). By comparison, approximately 30 seismic surveys may occur annually in the
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Gulf, or 0.01% of the activity from these three sources (i.e., oil and gas support operations, commercial
cargo and tanker activity, seismic surveys). Commercial fishing and recreational boating, military
operations, and ocean study activities also contribute to the cumulative vessel activity level, further
reducing the relative contribution from seismic surveys to total vessel activity levels. Therefore, G&G
operations contribute an extremely minor amount of additional vessel activity in the GOM. Under the
assumption that future seismic survey activity levels will generally conform to those noted in PEA
Section II.B.2 - Level of Activity and Appendix D (Section V - Level of Activity), seismic vessel
activity is not expected to produce a significant incremental increase in vessel activity levels. The
cumulative incremental impact attributed to G&G vessel operations is negligible.

Measurements of ambient noise levels in the GOM are lacking. According to the predominant
noise sources identified in Appendix F (Section IV - Noise Environment) for the GOM and their
relative contributions to total noise levels, seismic surveys represent a relatively minor, intermittent, and
non-stationary component of the overall noise environment. Seismic surveys produce repetitive,
localized, and short-term increases in ambient noise levels, with the period between potential exposure
ranging from hours to days (i.e., time between separate passes of a seismic survey vessel). In the
near-field, within ~300 m or so of an array, received sound levels may reach or exceed 180 dB re 1 pPa
(rms). At greater distances, sound from a seismic survey is of a similar nature to other commercial vessel
activity. Given the current level of vessel activity and its associated infrastructure, future seismic survey
activity is not expected to produce a significant incremental increase in ambient noise levels. Analysis of
cumulative noise impacts on sea turtles in the GOM (provided in Appendix J) suggests that cumulative
impacts are potentially adverse but not significant. The cumulative incremental impact attributed to
G&G vessel noise is negligible. In summary, cumulative impacts to sea turtles from vessel traffic and
noise will remain potentially adverse but not significant.

D. FISHES
1. Affected Environment

The GOM’s marine habitats, ranging from coastal marshes to the deep-sea abyssal plain, support
a varied and abundant fish fauna. Distinctive fish assemblages can be recognized within broad habitat
classes for the continental shelf and oceanic waters as follows: soft bottom fishes, hard bottom fishes, and
coastal pelagic fishes on the continental shelf; and epipelagic, midwater fishes, and demersal fishes in
oceanic waters (>200 m water depths). Appendix F (Section I.C - Fish Resources) presents detailed
information on fish populations in the GOM.

One endangered fish species, the smalltooth sawfish (Pristis pectinata), occurs in the open waters
of the GOM. This species normally inhabits shallow waters (<10 m), often near river mouths or in
estuarine lagoons over sandy or muddy substrates, but also may occur in deeper waters (20 m) of the
continental shelf. It is considered rare in the northern GOM, with its known range presently reduced to
the coastal waters of Everglades National Park in extreme southern Florida. The endangered status of the
smalltooth sawfish was finalized on 1 May 2003 (50 CFR Part 224). Critical habitat has not been
defined, and data are being collected on the life history and biology of this species. Information on
biology and distribution is outlined in detail in NMFS (2000).

Only one threatened fish species occurs in the GOM: the Gulf sturgeon. This species occurs
primarily off Florida and Alabama, where it spends winter months in estuaries and inner shelf waters
(over soft bottoms). The biology and status of this species are discussed in detail by USDOI, MMS
(1999, 2002a).
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2. Impacts of Routine Activities - Alternative 1 (Proposed Action)

The main concern from an impact perspective is noise from seismic surveys, as well as the high
pressure pulse realized in the near-field. Other G&G activities are considered to have negligible impacts
on fish populations.

a. Seismic Surveys

The general physiology of sound detection by fishes is relatively well understood (Fay and
Megela Simmons, 1999; Popper and Fay, 1999). In contrast, the usual acoustic behavior and uses of
sound by fishes are less well documented. Finally, the effects of intense and potentially damaging sound
on fish hearing and behavior are only poorly understood, with only a small number of studies published in
the peer-reviewed literature. Appendix I (Fish Hearing and Sensitivity to Acoustic Impact) presents a
review of literature on fish hearing and acoustic impacts.

1) Fish Hearing

Two modes of hearing occur in fishes. The stimulation route common to all organs and fish
species is known as the “direct” route. In this stimulation mode, acoustic particle motion or
hydrodynamic motion accelerates the fish’s soft tissues, including the sensory epithelium, with the
surrounding water. This mode of hearing is inherently directional. In this primitive mode of hearing,
sound pressure does not play a direct role, and species that apparently hear exclusively in this mode are
known as “hearing generalists.”

Some species have an additional mode of hearing that renders them sensitive to sound pressure.
In these “hearing specialists,” the swimbladder or other gas bubble is efficiently linked mechanically to
the fluid systems of the ear, and thus to the otoliths. As sound is transmitted through the animal’s body,
sound pressure fluctuations cause the gas bladder to expand and contract, and the motions of its walls are
transmitted to the sensory epithelia of, usually, one of the otolith organs. The hearing specialists are
particularly sensitive to sound, with best thresholds in the region of 50 dB re 1 pPa, and hear in a
relatively wide frequency range (<100 to 3,000 Hz), with best sensitivity occurring between 200 and
1,000 Hz. Sensitivity to sound additionally depends on sound duration (with approximately equal energy
detected up to sound durations of 400 ms), on the level of ambient, or background noise in the frequency
region of the signals (Fay, 1988), and on the physiological integrity of the auditory system.

The sounds produced by airguns are impulsive, damped sinusoids, generally with fundamental
frequencies in the range between 10 and 200 Hz. All GOM fish species have best hearing frequencies
within, or slightly above, this range. Thus, airguns are likely to be audible by all fishes, given sufficient
received sound pressure levels.

2) Physiological and Anatomical Effects on Auditory Systems of Fishes

There are only two papers in the peer-reviewed literature specifically addressing the question of
impairment to the auditory system following intense sound exposure (Enger, 1981; Hastings et al., 1996).
These studies are summarized below and discussed in more detail in Appendix I.

Hastings et al. (1996) is the more comprehensive study, focusing on the oscar (A4stronotus
ocellatus), a freshwater cichlid and hearing generalist. In this study, fish were exposed to three sound
levels (100, 140, and 180 dB re 1 pPa) at two frequencies (60 and 300 Hz) in a laboratory setting.
Animals were stimulated for 1 hour, some with continuous tones, and others with intermittent tone bursts
of 20% duty cycle (12 s on and 48 s off per minute). The only hearing impairment observed that could be
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attributed to sound exposure occurred in one or both ears of four of five animals stimulated at 300 Hz
(continuous tone) that had been allowed to survive the exposure for 4 days. Animals stimulated at lower
sound pressure levels, using continuous tones or tone bursts, or allowed less than 4 days after exposure
for examination showed no hair cell damage. These results suggest that higher frequencies are likely to
be more damaging than lower frequencies (given that both are detectable), but that impairment is only
slight following 180 dB continuous 300 Hz tone exposure for 1 hour. It was assumed that hearing
impairment would be more likely at higher sound exposure levels, and possibly for longer exposure
durations.

Enger (1981) exposed Atlantic cod (Gadus morhua) to pure tones of various frequencies between
50 and 400 Hz at 180 dB for from 1 to 5 hours. Hair cell damage was observed in many animals. These
results show more robust damaging effects than in the Hastings et al. (1996) study on oscar. The reasons
for greater damage in the cod may be due to the higher hearing sensitivity in cod compared with oscar,
and thus the higher level of the stimulating sound with respect to the hearing threshold. Hastings et al.
(1996) speculate that levels of 220 to 240 dB at 300 Hz would be required to produce extensive hair cell
damage in hearing generalists such as the oscar, and by extension, levels possibly 40 dB less than this to
cause hearing impairment in the more sensitive hearing specialists.

In studies published only as abstracts but cited in Hastings et al. (1996), Cox et al. (1986a,b,
1987) exposed goldfish (hearing specialists) to pure tones between 250 and 500 Hz at levels of 182 to
204 dB re 1 pPa for 2 hours. In these studies, 100% of the fish stimulated at 204 dB (200 Hz) had
damage to hair cells, but none of the animals stimulated at any frequency at 182 dB (500 Hz) were
damaged.

In summary, these data indicate that the hair cells of inner ear organs of fishes can be damaged by
intense sound. The lowest levels causing documented damage are 180 dB for continuous, long-duration
tones in a region of good hearing (200 to 500 Hz for many fish species). The effects of intermittent sound
stimulation are not known except that a 20% duty cycle is clearly less effective in damaging hair cells
than continuous sounds. It seems likely that most fishes exposed to airgun shots at a distance of a few
meters could receive inner ear damage (and subsequent hearing impairment) as a result of source levels in
the range between 210 and 240 dB. However, as the distance between the fish and the airgun sources
increased, the probability of hearing impairment would decrease according to the nature of distance
attenuation taking place in the ensonified environment.

The types of anatomical damage to the ears reviewed above are expected to cause elevated sound
detection thresholds in the affected animals, and the defects would be expected to last for the period of
time that the tissue damage occurred. This total or partial deafness would be termed PTS in an analogy
with effects observed in terrestrial animals and humans. The effect on hearing would presumably be
restricted to those stimuli that selectively activate those areas. Thus, in cod for example, increased
thresholds would be expected to occur for sounds in the frequency range served by the lesioned areas, but
not necessarily for sounds of other frequencies. Since the hair cells of fishes can regenerate, beginning at
about 7 days post trauma (Lombarte et al., 1993), damage-induced threshold shifts may not be ultimately
permanent but might last for only 1 or 2 weeks. However, there are no published functional data on PTS
in fishes to evaluate these hypotheses.

More is known about transient (rapidly recovering) threshold shifts that could occur following
exposures to sounds at lower sound pressure levels than those causing PTS. Studies reviewed in
Appendix I (Section II.D - Behavioral Effects of Intense Sound on Hearing in Fishes) indicate that
long duration, continuous sounds in the region of 150 to 170 dB at 800 Hz and below could cause
transient hearing impairment (30 dB or so) in most fishes that could last as long as 24 hours.
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3) Auditory Masking

Behavioral studies on several fish species show that the thresholds for tone detection can be
raised by the presence of additional sounds. When the threshold for the detection of one sound (i.e., the
“signal”) is raised by the presentation of another sound (i.e., the “masker”), masking is said to occur.
Masking is greatest when signal and masker are simultaneous (Fay and Coombs, 1988) but can also occur
for brief periods of time (less than one second; typically less than 300 ms) before masker onset (backward
masking) and following masker offset (forward masking) (Popper and Clarke, 1979). In general, the
auditory systems of fishes are crudely frequency-selective so that masking effects are restricted to signal
frequencies in the frequency region of the masker (Hawkins and Chapman, 1975; Fay et al., 1978). Thus,
for example, airguns would be expected to cause masking only within or near the limits of the airgun
shot’s spectral profile as it impinges on the fish, and only for up to 300 ms prior to and following the shot
(non-simultaneous masking). The masking effect (threshold elevation) would be proportional to the
received shot level. There are no masking data in the literature for intermittent, impulsive maskers similar
to airgun shots.

Recent experiments on goldfish indicate that fish are capable of what has been called “auditory
scene analysis” (Bregman, 1990). This means that a sound stream of interest can be “heard out” and
analyzed for its informational content independently of simultaneous, potentially interfering sounds
(Fay, 1998). As demonstrated, this capacity depends on spectral and temporal pattern differences
between the signal and the potentially interfering sounds. These studies were carried out using repetitive
impulses or clicks as both signals and potentially interfering sounds. Thus, the presence of intermittent,
audible airgun shots would not necessarily impair fishes in receiving and appropriately interpreting other,
biologically relevant sounds from the environment, so long as the shot sounds were not high enough in
received level to cause PTS or TTS.

4) Effects on Behavior

Understanding of the uses of sound by fishes in normal behavior is very poor, with very few
relevant published papers in the literature. Using the existing literature, common sense, and analogy with
other vertebrate species studied, it is thought that fishes use sounds to aid in predator and prey detection
and in general orientation to environmental sound sources and scatterers. In addition, as summarized
above, it is thought that fishes are capable of resolving the general auditory scene, made up of the
collection of sound sources and scatterers that normally occupy it. Thus, impaired hearing or excessive
masking could have a general effect of rendering the affected fish generally less fit for survival and
reproduction. In addition, some, but not all species are known to make sounds used in communication.
This topic has been reviewed recently by Zelick et al. (1999).

Sonic fishes are known to produce sounds during aggressive interactions, territorial defense,
territorial advertisement, swimming, courtship, and mating itself. In general, sounds are best understood
in the context of reproduction because they are associated with particular, stereotyped behaviors. Thus, it
is likely that the major negative effects of impaired hearing or excessive masking would possibly be in
disrupting the usual reproductive behavior, and thus the reproductive success, of some species. In
addition, Myrberg (1981) has identified various categories of acoustic communication, some less obvious
than others, that are used by fishes. These are startle or warning sounds that may help protect individuals
and groups from predation; courting sounds used as part of the usual mating behaviors including
advertisement; swimming sounds used in schooling and aggregation; aggressive sounds used when
competing for mates; sounds used in other aggressive interactions (e.g., in territorial defense); sounds
used by interceptor species to avoid predation or to locate prey; and sounds overheard and used to
competitive advantage by competitors. This is a very wide range of sound types, some produced by
specially adapted sound production organs, and some not. The uses of these sounds are very widespread,
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too, including listening species that produce sound using specialized mechanisms, and other species that
do not produce sound, but only listen for them to some advantage.

As indicated in Appendix I (Section ILLE - Uses of Sound by Fishes), some species of
37 families occurring in the GOM are known to use sound in behavior, according to the definitions of
communication developed by Myrberg (1981). In general, this analysis of the potential use of sound in a
communication context could potentially apply to most all fish species found in the GOM.

There have been no published reports on the effects of hearing impairment or excessive masking
on the acoustic communication behavior of any species. Thus we can only speculate that impairment has
the potential to disrupt a wide range of behaviors in many Gulf species (up to 270 species). These
behaviors include startle responses to predators, courtship and mate choice, territorial and individual
advertisement, maintenance of schooling and aggregation, aggressive competition for mates and other
resources, and overhearing or intercepting potential predators, prey, and competitors. In addition to these
behaviors classified by Myrberg (1981) as communication, it is also likely that hearing is used to help
form a general image of the auditory scene that may include both other fishes and abiotic sound sources
and scatterers. Fishes unable to use the usual acoustic ambience for this scene formation would be
expected to be less fit for survival, reproduction, and competition for resources. Since all fish species
investigated have inner ear organs of essentially the same type, and have complex auditory brain
pathways that are like most other vertebrates, it would be expected that hearing plays an important role in
maintaining the fitness of all species.

5) Near-Field Effects

An additional impact to fishes from seismic airgun blasts is the effects on fish eggs and larvae.
Laboratory and field studies have shown that statistically significant mortality of eggs and larvae in close
proximity (i.e., 2 and 3 m) to airguns can occur (Dalen and Knutsen, 1986; Holliday et al., 1987). Overall
the data indicate that significant impacts on fish eggs and larvae (generalized from studies on northern
anchovy) would only result from repeated exposures to full seismic arrays (Holliday et al., 1987).

6) Conclusions

All fish species investigated can hear, with varying degrees of sensitivity, within the frequency
range of sound produced by seismic airguns. These sounds have the potential to cause masking of the
sounds normally used by fishes in their usual acoustic behaviors at levels as low as 60 to 80 dB (just
above detection thresholds for many species). Levels as high as 160 dB may cause receiving fishes to
change their behaviors and movements, which may temporarily affect the usual distribution of animals
and commercial fishing. Continuous, long-term exposure to levels above 180 dB has been shown to
cause damage to the hair cells of the ears of some fishes under some circumstances. These effects may
not be permanent since damaged hair cells are repaired and/or regenerated in fishes. The effects of
intermittent sound stimulation (such as airgun pulses) are not known, except that a 20% duty cycle is
clearly less effective in damaging hair cells than continuous sounds. It seems likely that most fishes
exposed to airgun shots at a distance of a few meters could receive inner ear damage as a result of source
levels in the range between 210 and 240 dB. As the distance between the fish and the airgun sources
increased, the probability of hearing impairment would decrease according to the nature of distance
attenuation taking place in the ensonified environment.

Fishes of the GOM are generally representative of the species for which quantitative hearing data
are available. It is thought that most, if not all, species of fish in the GOM (and elsewhere) use the sense
of hearing to contribute to their general fitness for survival and reproduction. The sense of hearing is
thought to be used not only in intra-specific sound communication in some species, but also in many
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more general contexts in which most or all fishes monitor their acoustic environment by simply listening
to the ambient sounds produced by other fishes and by abiotic sources and sound scatterers. There are no
experimental studies investigating the effects of excessive masking or hearing impairment on the usual
behaviors of fishes. However, several studies indicate that seismic shooting can temporarily alter the
behaviors and movements of several fish species when received sound pressure levels are sufficiently
high. The long-term effects of these hearing-related behavioral disruptions on fish populations are
unknown.

Mortality in early life history stages can greatly affect recruitment of adult fishes. Starvation,
predation, pollution stress, unfavorable temperatures, disease, and other stressors acting on the larval
stage can ultimately affect year class strength in adults (Houde, 1987). Understanding the contribution of
seismic-induced mortality of early life stages is fraught with uncertainty due to highly variable
distribution in space and time. In addition, species-specific differences in larval growth rates (and,
therefore, planktonic duration) add a great deal of variability to the recruitment process. Therefore, for
near-field pressure wave effects from firing airguns, the impacts of seismic operations on fish eggs and
larvae in the GOM would be adverse on a very small scale and negligible when extrapolated to the
population level for species affected.

b. Mitigation

Under existing regulations, use of explosives is prohibited except under written authorization
from the MMS (see Appendix E, Section II.A.2 - Stipulations and Protective Measures). This is a
measure intended to protect sea turtles, marine mammals, fishes, and other marine life. (It has been
assumed that no explosives would be used under the Proposed Action.) There are no other existing
mitigation measures specifically protecting fish resources.

c. Significance Criteria and Evaluation

A significant adverse impact on fishes is one that is likely to cause

death or life-threatening injury of one or more individuals of a listed (endangered/threatened)
species; and/or

death or life-threatening injury of non-listed species in sufficient numbers to adversely affect
species populations and the ecological functioning of the fish community; and/or

e long-term or permanent displacement of any species from preferred feeding, breeding, or
nursery habitats (including critical habitat for listed species and essential fish habitat [EFH]),
or migratory routes; and/or

destruction or adverse modification of critical habitat or EFH.

An adverse but not significant impact on fishes is one that is likely to cause

e death or life-threatening injury of individuals (other than listed species) in small numbers that
would not adversely affect the population or the ecological functioning of the fish
community; and/or

e short-term displacement of individuals from preferred feeding, breeding, nursery grounds, or
migratory routes (including critical habitat for listed species and EFH).

A negligible impact on fishes is one that is likely to cause

e 1o death or life-threatening injury of any individuals; and
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e no displacement of any species from preferred feeding, breeding, nursery grounds, or
migratory routes (including critical habitat for listed species and EFH); and
e little disruption of behavioral patterns or other sublethal effects.

Impact criteria noted above were derived from USDOI, MMS (2001b). The main concern from
an impact perspective is noise from seismic surveys. Such noise may disturb fishes and may produce
temporary or permanent hearing impairment in some individuals but is unlikely to cause death or
life-threatening injury. Neither seismic surveys nor other G&G activities are expected to cause long-term
or permanent displacement of any listed species (i.e., smalltooth sawfish and Gulf sturgeon) from critical
habitat or other preferred habitat, nor to result in destruction or adverse modification of critical habitat or
EFH. Therefore, potential impacts to fish resources will be negligible most of the time, with occasional
impacts being potentially adverse but not significant (e.g., when fish in very close proximity to an
airgun array cannot avoid exposure to seismic survey noise).

3. Impacts of Routine Activities - Alternative 2 (Addition of Vessel-based Passive Acoustic
Monitoring as a Requirement)

The addition of vessel-based passive acoustic monitoring as a requirement will not reduce
impacts to fishes. Therefore, impacts under this alternative would be identical to those under
Alternative 1 (i.e., impacts range from negligible to potentially adverse but not significant).

4. Impacts of Routine Activities - Alternative 3 (Addition of Both Passive and Active Acoustic
Monitoring as Requirements)

The addition of both passive and active acoustic monitoring as requirements will not reduce
impacts to fishes. Therefore, impacts under this alternative would be identical to those under
Alternative 1 (i.e., impacts range from negligible to potentially adverse but not significant).

5. Impacts of Routine Activities - Alternative 4 (Restrict G&G Seismic Survey Activities)

Under Alternative 4, G&G seismic surveying operations would be subject to an operational
restriction — prohibition of simultaneous surveys by more than one G&G survey vessel in those portions
of the GOM most frequented by sperm whales and/or Bryde’s whales (Alternative 4). While these
operational restrictions are of primary importance to marine mammal species of concern, they are
unlikely to reduce impacts to fishes. Only those fish species present within these areas (and in close
proximity to locations where seismic surveys would occur) would realize benefit from this mitigation.
Therefore, impacts to fishes under this alternative would be identical to those under Alternative 1 (i.e.,
impacts range from negligible to potentially adverse but not significant).

6. Impacts of Accidents

Fishes could be affected by a spill caused by an accident involving a G&G vessel. The effects of
oil spills on fishes, with an emphasis on those species present in the GOM, have recently been
summarized in USDOI, MMS (2001b, 2002a). While adult fishes are at relatively low risk, pelagic fish
eggs and larvae are considerably more susceptible. This susceptibility is offset by the naturally high
mortality rates exhibited by marine fishes. The risk of vessel accidents is discussed in Appendix K (Risk
of Vessel Accidents). The probability of such incidents occurring is quite low (e.g., three incidents
reported in the GOM during 1996 and 1997), with the potential for a pollution incident even lower (i.e.,
two to five minor releases per year in the GOM). An event involving a survey vessel could result in
release of diesel fuel, but such an event has an extremely remote probability of occurring. Thus, incidents
involving survey vessels are not expected to result in significant impacts on fishes. Impacts to fishes
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from accidents are unlikely; however, if they occur, they would be most prevalent among egg and larval
forms. Impacts to fishes from accidents are considered to be negligible.

7. Cumulative Impacts

The cumulative activity scenario is presented in Appendix J (Cumulative Activity Scenario
and Associated Impacts). The major impact producing factor under the cumulative activity scenario is
noise. Measurements of ambient noise levels in the GOM are lacking. According to the predominant
noise sources identified in Appendix F (Section IV - Noise Environment) for the GOM and their
relative contributions to total noise levels, seismic surveys represent a relatively minor, intermittent, and
non-stationary component of the overall noise environment. Seismic surveys produce repetitive,
localized, and short-term increases in ambient noise levels, with the period between potential exposure
ranging from hours to days (i.e., time between separate passes of a seismic survey vessel). In the
near-field, within ~300 m or so of an array, received sound levels may reach or exceed 180 dB re 1 pPa
(rms). At greater distances, sound from a seismic survey is of a similar nature to other commercial vessel
activity. Given the current level of vessel activity and its associated infrastructure, future seismic survey
activity is not expected to produce a significant incremental increase in ambient noise levels. Analysis of
cumulative noise impacts on GOM fishes (provided in Appendix J - Cumulative Activity Scenario and
Associated Impacts) suggests that cumulative impacts are potentially adverse but not significant. The
cumulative incremental impact attributed to G&G vessel noise is negligible. In summary, cumulative
impacts to fishes from vessel traffic and noise will remain potentially adverse but not significant.

E. COMMERCIAL AND RECREATIONAL FISHERIES
1. Affected Environment
a. General Description

Commercial fisheries are very important to the economies of the Gulf coastal states (Browder
etal., 1991). The GOM leads all other U.S. regions in fishery production. In 2002, commercial fishery
landings in the GOM, which includes western Florida, Alabama, Mississippi, Louisiana, and Texas, were
over 1.7 billion pounds worth over $700 million (NMFS, 2003). Of the individual states, Louisiana led in
total landings and value in 2002 with 1.3 billion pounds landed worth $305 million (see Appendix F,
Table F-6). Mississippi was second with landings approaching 217 million pounds worth $48 million,
followed by Texas (93 million pounds, $174 million), Florida’s west coast (81 million pounds,
$142 million), and Alabama (23 million pounds, $34 million). As noted in Appendix F, pounds landed
and dollar value of landings are characteristics that are both used to rank and compare landings by state.
Differences in rank (i.e., pounds landed vs. dollar value) reflect differential market prices for the species
targeted.

Many species are caught and landed in the GOM commercial fisheries. Browder et al. (1991)
stated that the fishery includes at least 97 species from 33 families. They considered the most important
species groups to be oceanic pelagic (epipelagic) fishes, reef (hard bottom) fishes, coastal pelagic species,
and estuarine dependent species. Primary estuarine dependent species targeted are menhaden, penaeid
shrimps (brown, white, and pink), and blue crab; oysters are important, but are not considered here
because they are harvested exclusively in inshore waters. Targeted species from the other groups include
yellowfin tuna and swordfish (epipelagic); king and Spanish mackerels (coastal pelagic); and spiny
lobster, red snapper, red grouper, and gag (reef/hard bottom).

Each species or species group is caught using one of various methods and gear types. Shrimps
are taken by bottom trawling, menhaden are caught in purse nets, yellowfin tuna are caught on surface
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longlines, and snapper and grouper are caught by hook and line. The main fishing practices and seasons
in the GOM are summarized in Appendix F, Table F-7.

b. Fishery Management and Essential Fish Habitat

Most fishery species in the GOM are managed by the Gulf of Mexico Fishery Management
Council (GMFMC), as outlined in Appendix F, Section 11.A.4 - Essential Fish Habitat in the Gulf of
Mexico. Fishery management plans (FMPs) have been prepared, to date, for corals and coral reefs,
shrimps, stone crab, spiny lobster, reef fishes, coastal pelagic fishes, and red drum. All of these FMPs
were recently amended to address EFH for the managed species (GMFMC, 2003). Another group of
exploited species, the highly migratory pelagic fishes, is managed by NMFS Highly Migratory Species
(HMS) Management Division, Office of Sustainable Fisheries. This office recently prepared an FMP
(NMFS, 1999a) for Atlantic tunas, swordfish, and sharks that inhabit a broad geographic region that
encompasses the GOM. This document also addressed EFH for the managed highly migratory species.

These two documents were consulted to gather information on EFH for the Federal waters of the
GOM. Tables were prepared listing those species and life stages whose EFH occurred within the Federal
waters of the Gulf. For each species, the tables also indicate whether the habitat for the appropriate life
stage is pelagic (oceanic or coastal) or benthic (soft bottom or hard bottom). In some cases, such as corals
and some sharks and reef fishes, there was insufficient information available to accurately describe EFH.

Appendix F (Section II.A.4 - Essential Fish Habitat in the Gulf of Mexico) provides tabular
information pertinent to EFH. For example, Table F-10 presents invertebrate and reef fish species
managed by the GMFMC for which EFH has been identified. Corals were not included in the table as
there are many soft and hard coral species in the Gulf, but formal EFH descriptions have yet to be made
by the GMFMC. Table F-11 presents EFH information for managed coastal pelagic species and red
drum. Table F-12 gives EFH for HMS such as swordfish, tunas, and sharks managed by NMFS.
Although billfish (sailfish [Istiophorus platypterus], blue marlin [Makaira nigricans], white marlin
[Tetrapterus albidus], and longbill spearfish [T. pfluegeri]) are now considered under HMS, there were no
EFH designations in NMFS (1999a).

Spatially limited EFH, called habitat areas of particular concern (HAPCs), have also been
identified in the GOM by the GMFMC. These include Dry Tortugas (Fort Jefferson National
Monument), Florida Keys National Marine Sanctuary, Florida Middle Grounds, and Flower Garden
Banks National Marine Sanctuary. All of these HAPCs are important with respect to corals and coral
reefs and provide habitats for reef species such as snappers, groupers, and spiny lobster. Recently, two
hard bottom areas offshore of west Florida near the Florida Middle Grounds have been closed for a
minimum of 5 years to fishing for reef fishes by the GMFMC and HMS of NMFS, as outlined in
Appendix F (Section I1.A.4 - Essential Fish Habitat in the Gulf of Mexico).

EFH includes most of the substrate and water column of the GOM where the managed species
commonly occur. There will be some impact by the ensonification of the water column during the
various types of geophysical surveys expected for the GOM. The potential effects of sound on fishes are
described in detail in Appendix I (Section II - Effects of Sound on Fishes). These effects include
physiological or anatomical effects on auditory systems, potential behavioral alterations, and auditory
masking. Sounds produced by seismic airguns fall within the frequency range from 10 to 200 Hz (and
above), which is within the audible range for GOM fishes discussed above (i.e., reef fishes, red drum,
coastal pelagic fishes, and highly migratory fishes). Although rigorous supporting data are not available,
several studies indicate that seismic shooting can temporarily alter the behaviors and movements of
several fish species when received sound pressures are sufficiently high.
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2. Impacts of Routine Activities - Alternative 1 (Proposed Action)
a. Seismic Surveys

There are two main ways in which geophysical surveys could affect commercial fishing:
1) seismic surveys could cause behavioral changes in target species that could make them more difficult
to catch; and 2) survey vessels and towed cables could temporarily preclude fishers from productive
fishing grounds.

1) Possible Effects of Intense Sound on Fish Distribution and Commercial Catch

It is now well documented that intense sounds such as those produced by seismic airguns affect
the spatial distribution of fishes during and following exposure, thus affecting the commercial catch by
trawl or hook and line within the exposure area and for a certain period post-exposure. Klimley and
Beavers (1998) have carried out the best controlled experimental study on this topic of fish movements,
using intense, low frequency sounds of the type used in the Acoustic Thermometry of Ocean Climate
(ATOC) study (Munc et al., 1994). The goal of this study was to observe the behaviors of penned
rockfish (Sebastes flavidus, S. ariculatus, and S. mystinus) during presentations of ATOC-like sounds
(narrow-band signal centered at 75 Hz at peak sound pressure levels of 145 to 153 dB re 1 pPa in the
vicinity of the fish). Sounds were 25 min in duration, including a 5-min gradual ramp-up in level.
Animals confined to sea pens were allowed to move up to 15 m away from the pen area closest to the
source. Results showed remarkably few behaviors indicating that the fish found the intense sounds
objectionable (i.e., aversive). Prior to testing, many animals were stationed in the part of the pen closest
to the transducer (where sound pressure levels would be greatest). During exposure, the animals tended
to remain in these high exposure areas despite the opportunity to move 15 m away from the transducers to
a pen area where the sound level was more than 40 dB less. The authors concluded that the ATOC-like
signals had no apparent effect on the distribution of rockfish within the pen, and thus would not be
expected to cause animals to move from a location resembling a natural refuge. Of course, the major
differences between the ATOC-like signal and airgun shots are the brief, impulsive nature of the airgun
sounds and their rapid rise time compared to the 5-min ramp-up of the ATOC signal.

Pearson et al. (1992) investigated the effects of airgun sounds on rockfish (S. mystinus,
S. menanops, S. miniatus, and S. serranoides) behavior. At levels of 180 dB re 1 uPa, animals appeared
to be alarmed, and either aggregated more tightly, descended, or ascended in the water column. The
lowest level causing any observed behavioral change was 161 dB.

Some species of sharks may be attracted to some sounds, and other species may move away from
some sound sources. Klimley and Myrberg (1979) noted that lemon sharks (Negaprion brevirostris) were
repulsed from a sound (noise) source at 123 dB, but only when the signal was ramped up rapidly in
amplitude (96 dB/s). At slow ramp rates, no effect was observed at this pressure level. Nelson and
Gruber (1963) observed that sharks were attracted by intermittent, low frequency sounds resembling those
produced by struggling or injured fishes. Received levels in this experiment were not recorded.

Popper and Carlson (1998) have reviewed the literature on attempts to control and guide fish
movements using sound. The major questions have concerned controlling some clupeids near water
intakes at dams and power plants using very high frequency sounds, and controlling salmonid movements
at dams and other manmade waterways using very low frequency sounds. Experiments using ultrasound
to control clupeid behavior (e.g., Nestler et al., 1992) are not especially relevant to the question of airgun
geophysical exploration since the airgun sounds are very low in frequency. It appears that ultrasound at
high levels (110 to 140 kHz at 180 dB and above) can divert some herring species (e.g., American shad
[Alosa sapidissima]) from sound sources, but this effect is restricted only to those species, like the
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American shad, that have developed ultrasonic hearing (Mann et al., 1997). Apparently, not all clupeids
have this ability (Higgs and Popper, 2000). Knudsen et al. (1994) were successful in causing downstream
migrating salmon to reverse their direction and swim away from intense, infrasound (<20 Hz) sources.
This too may not be especially relevant with respect to seismic exploration in the GOM. However, some
other species (e.g., Atlantic cod [Gadus morhua]) are known to detect efficiently very low frequency
sound (0.1 to 30 Hz) (Sand and Karlsen, 1986), and it would not be surprising to find other Gulf species
with such capabilities.

There have been a number of field studies investigating the effects of seismic airgun shots on
cods and herrings distributions and catch successes in marine environments (Chapman and Hawkins,
1969; Matousek et al., 1988; Leokkeberg, 1991; Skalski et al., 1992; Engés et al., 1993; Lekkeberg and
Soldal, 1993). Lekkeberg (1991) and Engas et al. (1993) both reported that the cod catch (by trawl) was
reduced (80% to 50% reduction) during and following seismic shooting in the North Sea off the coast of
Norway. The calculated sound pressure levels received by the fish were 191 and 160 dB, respectively.
Remarkably, Engés et al. (1993) found that the reduced catch lasted for at least 5 days within a 33-km
radius of the shooting. In the Pacific, off the coast of California, Skalski et al. (1992) found that
calculated received levels of 161 dB caused rockfish (Sebastes sp.) to change behavior, to show alarm
reactions at 180 dB, and startle reactions at 200 to 205 dB.

Along the west coast of Scotland, Wardle et al. (2001) exposed several reef fish species in
varying age classes (i.e., juvenile cod, Gadus morhua; adult pollack, Pollachius pollachius; juvenile
saithe, Pollachius virens; and adult mackerel, Scomber scombrus) to airgun noise and recorded their
reaction. Maximum seismic source levels from the three-airgun array were calculated at 218 dB re 1 puPa
(peak-to-peak). While the fishes observed failed to move off the reef and airgun noise did not affect
diurnal rhythms, involuntary reactions were elicited when firings occurred within 10 m of the fishes being
observed. Wardle et al. (2001) suggest that the visual cue of a firing airgun may elicit a more pronounced
response than airgun noise alone.

In summary, the consensus is that seismic airgun shooting can result in reduced trawl and
longline catch of several species when the animals receive levels as low as 160 dB. These effects would
tend to be less in shallower water where sound propagation at these frequencies would be less efficient,
and where sound levels would be lower due to the use of smaller airgun arrays. Reduced catch by trawl
probably reflects temporary movement of the target species away from the ensonified area. Reduced
catch by hook-and-line could be caused by fish moving away or changing feeding behaviors. In any case,
there are sufficient careful observations in the literature to conclude that airgun shooting may cause a
temporary reduction in the commercial fish catch within at least several kilometers of the ensonified area.

2) Space-Use Conflicts

Preclusion of fishers from productive fishing grounds constitutes a space-use conflict. The size
of the area precluded to fishing will obviously depend upon the overall area of the geophysical survey.
As described in Appendix D (Section I.A - Seismic Surveys), seismic information is collected along
predetermined tracklines that form a larger spatial grid. The size of this grid will vary with individual
projects, but usually includes multiple lease blocks. The seismic vessel operates on a 24-h basis for days,
weeks, or months, depending on the survey scope, towing as many as six parallel streamers that are up to
12 km long. These vessels operate under a “restricted ability to maneuver” designation, which means
other vessels in the path of the survey vessel must give way. Further, because of the length of the
hydrophone array, the survey vessel requires considerable turning room between tracklines. Thus, the
area precluded to fishing will extend beyond the planned geophysical survey area when appropriate
allowances are made for maneuvering the vessel.
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Clearly, any fishing operation occurring within a geophysical survey area (and appropriate buffer
zone) would be affected. The degree of impact would depend upon the relative mobility of the fishing
operation (USDOI, MMS, 1995). Fixed gear such as trapping is most vulnerable, and mobile gear such as
hook-and-line fishing from drifting (or trolling) boats is least vulnerable. Common fishing practices in
the GOM, including bottom trawling for shrimps, purse netting for menhaden, gillnetting for sharks,
bottom longlining for groupers, and surface longlining for yellowfin tuna, would also be vulnerable.
These gear types are not very mobile and require considerable time to deploy and retrieve. The potential
for conflicts will increase with increasing water depth along with decreasing mobility of fishing vessels.
The basic characteristics of these fisheries are described in Appendix F (Section II.A - Commercial
Fisheries). Broadly defined commercial fishing areas were depicted for the Eastern, Central, and
Western Gulf of Mexico Planning Areas by USDOI, MMS (1986a,b). These visuals do not cover
fisheries occurring in the open GOM beyond the shelf break. More recent discussions of commercial
fishing operations on a Planning Area basis are presented in USDOI, MMS (2001b, 2002a).

The primary fishery in the open GOM is surface longlining for tuna, sharks, and swordfish. This
is an example of fishing gear that is highly susceptible to interaction with seismic survey vessels. In fact,
there have been anecdotal accounts of conflicts between longliners and seismic surveyors in recent years
(B. Block, Stanford University, oral comm., 2000). Surface longlining occurs in deep waters offshore of
the continental shelf. The spatial distribution of longline sets made in 1998 is shown in Figure III-3.
Effort is generally widespread throughout the GOM, particularly in the deep-water Gulf where increasing
oil and gas industry activity is occurring. Surface longlines used in the GOM yellowfin tuna fishery
consist of mainline averaging 30 mi but that can exceed 60 mi (NMFS, 1999b). Between 20 and
30 hooks (attached to short leaders) are attached per mile of mainline. Buoys with radar reflectors are
placed regularly along the length of the passively drifting mainline, which is only attached to the vessel
during deployment and retrieval.

Surface currents and wind greatly influence the movement of longlines and other drifting gear
(e.g., gill nets and purse nets) and must be taken into account when assessing potential impacts. A
longline deployed upstream of a geophysical survey grid could drift into the path of the survey vessel.
Surface currents in the GOM vary considerably and can range from 0.5 to 3 nmi/h. Surface longlines are
allowed to drift for 4 to 5 h before a 10- to 12-h retrieval period (Lopez et al., 1979; Sakagawa et al.,
1987). Thus, for a worst-case 3-nmi/h current with 17-h set time, the gear should be 51 nmi upstream of
the survey area to prevent a conflict. Given a 0.5-nmi/h current with a 14-h set/retrieval time, the gear
should be set at least 7 nmi upstream of the survey area.

A detailed analysis of potential conflicts between deep-water fishing and oil and gas operations
has recently been contracted by MMS. This project will examine potential conflicts with all types of
deep-water oil and gas operations and fishing practices. The results of the study will provide additional
information to evaluate impacts and potential mitigation measures.

b. Mitigation
There are no existing mitigation measures specifically protecting commercial and recreational

fisheries, beyond U.S. Coast Guard announcements of pending seismic surveys (e.g., location, duration)
published in the Local Notice to Mariners. 1t is possible that mitigation measures will be developed in the
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near future to reduce the potential for space-use conflicts. Mitigation of conflicts with fishing operations
such as surface longlining will require improved communication between fishers and geophysical survey
personnel. Radio or cellular telephone contact is critical to allow fishers and survey personnel to
communicate before, during, and after longline sets made in the vicinity of a planned survey area.
Current and wind conditions could be monitored to prevent drifting gear from being set upstream of a
survey area. Additional mitigation could be effected through the NMFS fishermen’s contingency fund.

c Significance Criteria and Evaluation

A significant adverse impact on commercial and recreational fisheries is one that is likely to
cause

e fishers to be precluded from using 10% or more of the fishable area, for all or most of a
fishing season; and/or

e 10% or more of fishers to be precluded from a fishing area (50-nmi radius) for all or most of
a fishing season; and/or

e cconomic losses due to a decrease in catchability of target species in 10% or more of the
fishable area.

An adverse but not significant impact on commercial and recreational fisheries is one that is
likely to cause

e fishers to be precluded from using less than 10% of the fishable area for all or most of a
fishing season; and/or

e less than 10% of fishers to be precluded from a fishing area (50-nmi radius) for all or most of
a fishing season; and/or

e economic losses due to a decrease in catchability of target species in less than 10% of the
fishable area.

A negligible impact on commercial and recreational fisheries is one that is likely to cause

o fishers to be occasionally precluded from fishing areas due to seismic survey activity; and/or
e possible short-term and localized decreases in catchability of target species, but not to an
extent resulting in economic losses.

Space-use conflicts between seismic surveys and longline fisheries are likely until further
mitigation is implemented. Due to the annual number and extent of regional seismic surveys as well as
the widespread distribution of longline sets, some gear conflicts and/or exclusion of fishers from preferred
fishing areas is likely. However, it is unlikely that such conflicts would preclude fishers from using
10% or more of the fishing grounds, or any specific fishing area, for all or most of a season. Seismic
surveys are also likely to result in some short-term and localized decreases in catchability, but not to an
extent that would be expected to result in economic losses. Overall, potential impacts on commercial and
recreational fisheries are potentially adverse but not significant.

3. Impacts of Routine Activities - Alternative 2 (Addition of Vessel-based Passive Acoustic
Monitoring as a Requirement)

The addition of vessel-based passive acoustic monitoring as a requirement will not reduce
impacts to commercial and recreational fisheries. Therefore, impacts under this alternative would be
identical to those under Alternative 1 (i.e., potentially adverse but not significant).
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4. Impacts of Routine Activities - Alternative 3 (Addition of Both Passive and Active Acoustic
Monitoring as Requirements)

The addition of both passive and active acoustic monitoring as requirements will not reduce
impacts to commercial and recreational fisheries. Therefore, impacts under this alternative would be
identical to those under Alternative 1 (i.e., potentially adverse but not significant).

5. Impacts of Routine Activities - Alternative 4 (Restrict G&G Seismic Survey Activities)

Under Alternative 4, G&G seismic surveying operations would be subject to an operational
restriction — prohibition of simultaneous surveys by more than one G&G survey vessel in those portions
of the GOM most frequented by sperm whales and/or Bryde’s whales (Alternative 4). While these
operational restrictions are of primary importance to marine mammal species of concern, they are
unlikely to reduce impacts to commercial and recreational fisheries. Only those fish species of
commercial or recreational importance that are present within these areas (and in close proximity to
locations where seismic surveys would occur) would realize benefit from this mitigation. Therefore,
impacts to commercial and recreational fisheries under this alternative would be identical to those under
Alternative 1 (i.e., potentially adverse but not significant).

6. Impacts of Accidents

Commercial and recreational fisheries could be affected by a spill caused by an accident
involving a G&G vessel. The effects of oil spills on fishes, with an emphasis on those species present in
the GOM, have recently been summarized in USDOI, MMS (2001b). While adult fishes are at relatively
low risk, pelagic fish eggs and larvae are considerably more susceptible. This susceptibility is offset by
the naturally high mortality rates exhibited by marine fishes. The risk of vessel accidents is discussed in
Appendix K (Risk of Vessel Accidents). The probability of such incidents occurring is quite low (e.g.,
three incidents reported in the GOM during 1996 and 1997), with the potential for a pollution incident
even lower (i.e., two to five minor releases per year in the GOM). An event involving a survey vessel
could result in release of diesel fuel, but such an event has an extremely remote probability of occurring.
Thus, incidents involving survey vessels are not expected to result in significant impacts on commercial
and recreational fisheries. Impacts to commercial and recreational fisheries from accidents are unlikely;
however, if they occur, they would be most prevalent among egg and larval forms. Impacts to
commercial and recreational fisheries from accidents are considered to be negligible.

7. Cumulative Impacts

The cumulative activity scenario is presented in Appendix J (Cumulative Activity Scenario
and Associated Impacts). The major impact producing factors under the cumulative activity scenario
are space use conflicts and noise. In terms of vessel activity levels (for space use conflicts and as a noise
source), seismic survey vessel activity represents a very small component of total vessel activity in Gulf
waters. For example, oil and gas support vessels account for approximately one quarter of a million
transits per year in Gulf waters, with commercial vessels >10,000 DWT contributing another 36,000 trips
(see Appendix F, Section ILE - Marine Transportation). By comparison, approximately 20 seismic
surveys may occur annually in the Gulf, or 0.01% of the activity from these three sources (i.e., oil and gas
support operations, commercial cargo and tanker activity, seismic surveys). Commercial fishing and
recreational boating, military operations, and ocean study activities also contribute to the cumulative
vessel activity level, further reducing the relative contribution from seismic surveys. Impacts from vessel
operations (and associated areal preclusion) under the cumulative scenario are negligible. Because, G&G
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operations contribute an extremely minor amount of additional vessel activity in the GOM, incremental
impacts are deemed negligible.

Measurements of ambient noise levels in the GOM are lacking. According to the predominant
noise sources identified in Appendix F (Section IV - Noise Environment) for the GOM and their
relative contributions to total noise levels, seismic surveys represent a relatively minor, intermittent, and
non-stationary component of the overall noise environment. Seismic surveys produce repetitive,
localized, and short-term increases in ambient noise levels, with the period between potential exposure
ranging from hours to days (i.e., time between separate passes of a seismic survey vessel). In the
near-field, within ~300 m or so of an array, received sound levels may reach or exceed 180 dB re 1 pPa
(rms). At greater distances, sound from a seismic survey is of a similar nature to other commercial vessel
activity. Given the current level of vessel activity and its associated infrastructure, future seismic survey
activity is not expected to produce a significant incremental increase in ambient noise levels. Analysis of
cumulative noise impacts on GOM commercial and recreational fisheries (provided in Appendix J)
suggests that cumulative impacts are negligible. The cumulative incremental impact attributed to G&G
vessel noise is negligible. In summary, cumulative impacts to commercial and recreational fisheries from
space use conflicts and noise will remain negligible.

F. COASTAL AND MARINE BIRDS
1. Affected Environment

The waters and adjacent coastal landforms of the northern GOM are inhabited by a diverse
assemblage of resident and migratory birds. These include primarily seabirds, shorebirds, wetlands birds,
and waterfowl. Brief descriptions of these species groups may be found in USDOI, MMS (1997a).

Birds of the GOM and adjacent landforms that are currently listed as endangered or threatened
species under the ESA comprise primarily coastal or inshore species. These include the piping plover,
whooping crane, eskimo curlew, brown pelican, wood stork, and bald eagle (USDOI, USFWS, 1998). Of
these, the brown pelican is the only species of endangered or threatened bird that may be affected by the
Proposed Action.

In the northern GOM, brown pelicans occur regularly, but in small numbers. Mississippi,
Louisiana, and Caribbean populations of the brown pelican are endangered, but this designation does not
apply to populations in Alabama or Florida. In addition, Louisiana has requested the removal of its
brown pelican population from the endangered species list (USDOI, MMS, 1997a). Brown pelicans
generally do not venture far offshore. Fritts and Reynolds (1981) observed them only within about 40 km
of the shoreline, and only one was seen over the northern GOM continental slope during the GulfCet
surveys (Peake, 1996).

2. Impacts of Routine Activities - Alternative 1 (Proposed Action)

There are no data indicating that seismic surveys or other G&G activities have adverse impacts
on birds. Potential impact mechanisms are noise impacts from seismic surveys, and disturbance by vessel
and aircraft traffic.

a. Seismic Surveys
Generally, noise produced from activities associated with seismic surveys might impact only

those offshore species of birds that spend large quantities of time underwater, either swimming or plunge
diving while foraging for food. Offshore GOM birds that may be classified as underwater swimmers
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include certain waterfowl (some diving ducks) and seabirds (loons and cormorants). Generally, these
species are limited to waters of the inner continental shelf. Waterfowl and loons are both seasonal
migrants (winter), whereas cormorants are resident species. GOM plunge diving birds include only
certain seabirds (primarily brown pelicans, gannets, and boobies). Brown pelicans are a resident species
that is also limited to waters of the inner continental shelf. Gannets and boobies, however, are seasonal
migrants (gannets in winter and boobies primarily in summer) that may range throughout the GOM.

Noise from seismic surveys could adversely affect surface-feeding and diving seabirds near
airgun arrays. However, there are no data indicating such impacts exist. Stemp (1985) found no effect of
seismic survey activity on the distribution and abundance of seabird populations in arctic Canadian
environment. Parsons (in Stemp, 1985) reported that shearwaters with their heads underwater were
observed within 30 m of seismic sources (explosives) and did not respond. Because seismic pulses are
directed downward and highly attenuated near the surface (see Appendix D, Section ILA - Airguns),
birds feeding on the surface or diving just below it are unlikely to be exposed to sound levels sufficient to
cause temporary or permanent hearing impairment. In any case, sound pressure levels would not be
sufficient to cause death or life-threatening injury.

A possible mechanism for indirect impacts is alteration of prey concentrations. However,
persistent, widespread alterations in abundance of fishes are not expected (see PEA
Section II1.D - Fishes).

b. Vessel and Aircraft Traffic

The impacts of routine vessel traffic (including vessels involved in G&G surveys) on coastal and
marine birds have been analyzed in recent lease sale EISs (USDOI, MMS, 1997a, 1999, 2001a, 2002a,b).
Effects of vessel traffic on birds offshore are negligible. In nearshore and coastal waters, vessels must use
selected nearshore and inland waterways and adhere to protocols set forth by the U.S. Coast Guard for
reduced vessel speeds. Vessel traffic in coastal and inland waters may disturb coastal birds, but impacts
are diminished by the routine presence and low speeds of vessels in coastal waters. Permit stipulations
(see Section IILF.2.c - Mitigation below) avoid disturbance of islands used for nesting by the
endangered brown pelican. Aircraft involved in G&G surveys must maintain altitudes of at least 2,000 ft
when flying over biologically sensitive areas such as wildlife refuges and national parks.

c. Mitigation

There is one existing mitigation measure that is partly or wholly designed to minimize impacts on
birds. This protective measure is included as a stipulation to G&G permits. Specifically, transportation
operations conducted through Aransas or Cavello Passes will avoid disturbance of the following islands
used for nesting by the endangered brown pelican: Sundown Island in Matagorda Bay, Second Chain of
Islands in San Antonio Bay, Long Reef in Aransas County, and Pelican Island in Nueces County, Texas.

d. Significance Criteria and Evaluation
A significant adverse impact on coastal and marine birds is one that is likely to cause
e death or life-threatening injury of one or more individuals of a listed (endangered/threatened)
species; and/or

e death or life-threatening injury of non-listed species in sufficient numbers to affect the
population adversely; and/or



Environmental Impacts III-57

e long-term or permanent displacement of any species from preferred feeding, breeding, or
nursery habitats (including critical habitat for listed species), or migratory routes; and/or
e destruction or adverse modification of critical habitat for any listed species.

An adverse but not significant impact on coastal and marine birds is one that is likely to cause

e death or life-threatening injury of individuals (other than listed species) in small numbers that
would not adversely affect the population; and/or

e short-term displacement of any species from preferred feeding, breeding, nursery grounds, or
migratory routes (including critical habitat for listed species).

A negligible impact on coastal and marine birds is one that is likely to cause

¢ o death or life-threatening injury of any individuals; and

e no displacement of any species from preferred feeding, breeding, nursery grounds, or
migratory routes (including critical habitat for listed species); and

e little disruption of behavioral patterns or other non-injurious effects.

The two concerns from an impact perspective are noise from seismic surveys and disturbance of
coastal bird populations by vessel and aircraft traffic. Although noise from seismic surveys could in
theory affect surface-feeding and diving seabirds very near airgun arrays, there are no data indicating such
impacts exist. Because seismic pulses are directed downward and highly attenuated near the surface,
birds feeding on the surface or diving just below it are unlikely to be exposed to sound levels sufficient to
cause temporary or permanent hearing impairment. Sound pressure levels would not be sufficient to
cause death or life-threatening injury.

The brown pelican is the only endangered bird species likely to come into contact with offshore
G&G activities. They are commonly found in the northern GOM but occur only within coastal habitats
and nearshore waters (see Appendix F, Section I.D - Coastal and Marine Birds). Neither seismic
surveys nor other G&G activities are expected to kill or injure brown pelicans, cause long-term or
permanent displacement from critical habitat or other preferred habitat, or to result in destruction or
adverse modification of critical habitat. Existing mitigation measures are effective in minimizing impacts
of vessel and aircraft traffic on coastal bird populations. In conclusion, potential impacts to coastal and
marine birds are negligible.

3. Impacts of Routine Activities - Alternative 2 (Addition of Vessel-based Passive Acoustic
Monitoring as a Requirement)

The addition of vessel-based passive acoustic monitoring as a requirement will not reduce
impacts to coastal and marine birds. Therefore, impacts under this alternative would be identical to those
under Alternative 1 (i.e., negligible).

4. Impacts of Routine Activities - Alternative 3 (Addition of Both Passive and Active Acoustic
Monitoring as Requirements)

The addition of both passive and active acoustic monitoring as requirements will not reduce
impacts to coastal and marine birds. Therefore, impacts under this alternative would be identical to those
under Alternative 1 (i.e., negligible).
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5. Impacts of Routine Activities - Alternative 4 (Restrict G&G Seismic Survey Activities)

Under Alternative 4, G&G seismic surveying operations would be subject to an operational
restriction — prohibition of simultaneous surveys by more than one G&G survey vessel in those portions
of the GOM most frequented by sperm whales and/or Bryde’s whales (Alternative 4). While these
operational restrictions are of primary importance to marine mammal species of concern, they are
unlikely to reduce impacts to coastal and marine birds. Therefore, impacts to birds under this alternative
would be identical to those under Alternative 1 (i.e., negligible).

6. Impacts of Accidents

Coastal and marine birds could be affected by a spill caused by an accident involving a G&G
vessel. The effects of oil spills on coastal and marine birds, with an emphasis on those species present in
the GOM, have recently been summarized in USDOI, MMS (2001b). The risk of vessel accidents is
discussed in Appendix K (Risk of Vessel Accidents). The probability of such incidents occurring is
quite low, with the potential for a pollution incident even lower. An event involving a survey vessel
could result in release of diesel fuel, but such an event has an extremely remote probability of occurring.
Thus, incidents involving survey vessels are not expected to result in significant impacts on coastal and
marine birds. Impacts to birds from accidents are unlikely; however, if they occur, they would range from
negligible to potentially adverse but not significant.

7. Cumulative Impacts

The cumulative activity scenario is presented in Appendix J (Cumulative Activity Scenario
and Associated Impacts). The major impact producing factors under the cumulative activity scenario
are coastal vessels and aircraft traffic, and associated noise. In terms of vessel activity levels, seismic
survey vessel activity represents a very small component of total vessel activity in Gulf waters. For
example, oil and gas support vessels account for approximately one quarter of a million transits per year
in Gulf waters, with commercial vessels >10,000 DWT contributing another 36,000 trips (see
Appendix F, Section ILE - Marine Transportation). By comparison, approximately 30 seismic
surveys may occur annually in the Gulf, or 0.01% of the activity from these three sources (i.e., oil and gas
support operations, commercial cargo and tanker activity, seismic surveys). Commercial fishing and
recreational boating, military operations, and ocean study activities also contribute to the cumulative
vessel activity level, further reducing the relative contribution from seismic surveys. Therefore, G&G
operations contribute an extremely minor amount of additional vessel activity in the GOM.

Measurements of ambient noise levels in the GOM are lacking. According to the predominant
noise sources identified in Appendix F (Section IV - Noise Environment) for the GOM and their
relative contributions to total noise levels, seismic surveys represent a relatively minor, intermittent, and
non-stationary component of the overall noise environment. Seismic surveys produce repetitive,
localized, and short-term increases in ambient noise levels, with the period between potential exposure
ranging from hours to days (i.e., time between separate passes of a seismic survey vessel). In the
near-field, within ~300 m or so of an array, received sound levels may reach or exceed 180 dB re 1 pPa
(rms). At greater distances, sound from a seismic survey is of a similar nature to other commercial vessel
activity. Given the current level of vessel activity and its associated infrastructure, future seismic survey
activity is not expected to produce a significant incremental increase in ambient noise levels. Analysis of
cumulative noise impacts on the coastal and marine birds of the GOM (provided in Appendix J) suggests
that cumulative impacts from vessel and traffic noise are negligible. The cumulative incremental impact
attributed to G&G vessel traffic and noise is negligible. In summary, cumulative impacts to coastal and
marine birds from vessel and aircraft traffic and noise will remain negligible.
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G BENTHIC COMMUNITIES
1. Affected Environment

Benthic communities in the GOM are described in previous EISs (USDOI, MMS, 1996, 1997a,b,
2000, 2001a, 2002a,b). Species distribution patterns are summarized in Gallaway (1988) and Pequegnat
et al. (1990).

Most of the GOM has a soft, muddy bottom in which burrowing worms are the most abundant
animals present. Benthic habitats of environmental concern include low relief hard bottom and
seagrass/algal areas on the inner and middle continental shelves, and areas of high relief hard bottom
(topographic features, pinnacles, and ridges) on the outer continental shelf and upper slope. Hard bottom
and seagrass areas are described as “live bottom” habitats because they are characterized by high
productivity and a diverse animal community.

Chemosynthetic communities are another benthic habitat of concern in the deep-water GOM.
These communities are unique because they support dense epifaunal growth in the deep-water
environment and are not directly dependent upon photosynthesis. These communities have now been
found along much of the northern GOM continental slope and along the Florida Escarpment (Paul et al.,
1984; MacDonald et al., 1990, 1995; MacDonald, 2000).

2. Impacts of Routine Activities - Alternative 1 (Proposed Action)
a. Geological and Geochemical Sampling

The main concern from an impact perspective is geological and geochemical sampling (bottom
sampling and shallow coring). Such sampling occurs both prelease (e.g., as an exploration tool) and
postlease (e.g., after a shallow hazards survey, which identifies potential benthic communities of concern
such as live bottom areas and chemosynthetic communities). Existing protective measures and lease
stipulations specifically protect topographic features, live bottom communities (including the pinnacle
trend area), and chemosynthetic communities (see Appendix E, Section II.A.2 - Stipulations and
Protective Measures). Therefore, no adverse impacts on sensitive benthic resources are anticipated.

Soft bottom communities are affected by bottom sampling and shallow coring, as well as
deep-tow side-scan sonar surveys (which involve dragging a chain across the bottom), and placement and
retrieval of bottom cables and anchors. Bottom sampling involves about 500 piston/gravity cores each
year. The direct environmental consequences of piston/gravity cores (and heat flow probes) are 10-cm
diameter holes in the ocean floor. Depending upon the firmness of the seafloor, the core or probe weight
stand (30- to 45-cm diameter footprint) may also impact the seafloor and crush seafloor animals if the
core or probe penetrates to maximum depth. However, the total area of seafloor disturbed by all bottom
sampling and shallow coring activities each year is estimated to be much less than 0.01% of any given
lease block. Similarly, the placement and removal of bottom cables and anchors will produce localized
sediment disturbance to soft bottom communities. Remnants of prior activity may leave depressions or
holes in the benthos. No overall changes in species composition, community structure, and/or ecological
functioning of soft bottom communities are expected. Bottom cables or anchors deployed and retrieved
as part of a prelease survey may adversely affect unidentified benthic communities of concern (i.e., live
bottom areas, topographic features, pinnacles, chemosynthetic communities), should they be present when
cables are positioned and removed.
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b. Mitigation

There are several existing mitigation measures that protect benthic communities (see
Appendix E, Section II.A.2). In particular, seafloor disturbing activities are prohibited within the
No-Activity Zones of certain topographic features, and anchoring is restricted within the “Pinnacle
Trend” area of the northeastern GOM. Further protections apply for activities within the Flower Garden
Banks National Marine Sanctuary. All seafloor disturbing activities under G&G permits require the
submission of detailed plans so that the MMS can evaluate potential impacts and specify protective
measures if necessary.

c. Significance Criteria and Evaluation
A significant adverse impact on benthic communities is one that is likely to cause

e substantial damage to sensitive benthic resources such as chemosynthetic communities,
live bottom communities (including the pinnacle trend), or hard bottom communities
associated with topographic features; and/or

e changes in species composition, community structure and/or ecological functioning of soft
bottom communities, with measurable change in species composition or abundance beyond
that of normal variability, or ecological function within a species range, for 5 years or longer
(i.e., long-term).

An adverse but not significant impact on benthic communities is one that is likely to cause

e changes in species composition, community structure, and/or ecological functioning of soft
bottom communities beyond that of normal variability, or ecological function within a species
range, that persist for less than 5 years.

A negligible impact on benthic communities is one that is likely to cause

e changes in abundance of individual species but no overall changes in species composition,
community structure, and/or ecological functioning of soft bottom communities.

Existing protective measures and lease stipulations specifically protect topographic features, live
bottom communities (including the pinnacle trend area), and chemosynthetic communities (see
Appendix E, Section I1.A.2). Therefore, no adverse impacts on known sensitive benthic resources are
anticipated. However, potential damage to unidentified sensitive benthic resources could occur during
prelease surveys employing bottom-founded equipment (e.g., cables); the severity of such impact will be
dependant upon the extent of burial and/or scraping damage. The total area of soft bottom seafloor
disturbed by all bottom sampling and shallow coring activities each year is estimated to be much less than
0.01% of any given lease block. No overall changes in species composition, community structure, and/or
ecological functioning of soft bottom communities are expected. Therefore, potential impacts to soft
bottom communities under this alternative are mnegligible. Impacts to unidentified sensitive benthic
resources may occur due to bottom-disturbing activities. All bottom-disturbing OCS activities are
reviewed by MMS for their potential for impacts to sensitive benthic biological and archaeological
resources. Any OCS activities believed to present a potential for non-trivial impacts are closely reviewed
and mitigations applied, as needed, to mitigate potential impacts. Therefore, impacts to unidentified
sensitive benthic resources will range from negligible to potentially adverse but not significant.
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3. Impacts of Routine Activities - Alternative 2 (Addition of Vessel-based Passive Acoustic
Monitoring as a Requirement)

The addition of vessel-based passive acoustic monitoring as a requirement will not reduce
impacts on benthic communities. Therefore, benthic community impacts under this alternative would be
identical to those under Alternative 1 (i.c., negligible).

4. Impacts of Routine Activities - Alternative 3 (Addition of Both Passive and Active Acoustic
Monitoring as Requirements)

The addition of both passive and active acoustic monitoring as requirements will not reduce
impacts to benthic communities. Therefore, impacts under this alternative would be identical to those
under Alternative 1 (i.e., negligible).

5. Impacts of Routine Activities - Alternative 4 (Restrict G&G Seismic Survey Activities)

Under Alternative 4, G&G seismic surveying operations would be subject to an operational
restriction — prohibition of simultaneous surveys by more than one G&G survey vessel in those portions
of the GOM most frequented by sperm whales and/or Bryde’s whales (Alternative 4). While these
operational restrictions are of primary importance to marine mammal species of concern, they are
unlikely to reduce impacts to benthic communities. Therefore, impacts to benthic communities under this
alternative would be identical to those under Alternative 1 (i.e., negligible).

6. Impacts of Accidents

Benthic communities are unlikely to be affected by a spill caused by an accident involving a
G&G vessel. Impacts are considered to be negligible.

7. Cumulative Impacts

The cumulative activity scenario is presented in Appendix J (Cumulative Activity Scenario
and Associated Impacts). The major impact producing factor under the cumulative activity scenario is
seafloor disturbance. Cumulative impacts from other operations under the cumulative scenario were
determined to be negligible. Cumulative incremental impacts to benthic communities from seafloor
disturbance are negligible. In summary, cumulative impacts to benthic communities from seafloor
disturbance will remain negligible.

H. SUMMARY AND COMPARISON OF IMPACT DETERMINATIONS

This impact analysis represents a final determination of potential impact (or range of potential
impacts) associated with G&G operations to various sensitive resources present in OCS waters of the
GOM. Summary information has been compiled from the best available data sources, with appropriate
qualification of recognized data gaps, limitations, or assumptions applied in the impact analysis. Detailed
technical information that supports these impact determinations has been placed in a series of appendices,
as appropriate. Linkage between the summary information found within this section and more
comprehensive technical appendices occurs via liberal use of cross references. While this allows the
reader to concentrate on the immediate issue of impact assessment without inclusion of an extensive
technical discussion, it also allows for a more detailed, in-depth presentation of pertinent technical issues
that support the impact determination. Table III-4 is a summary table that concisely compares the
environmental consequences of each alternative, on a resource by resource basis. Comparisons of
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Summary and Comparison of Environmental Impacts from Each Alternative on a Resource by Resource Basis
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Resource

Alternative 1 —
Proposed Action'

Alternative 2 — Addition of Vessel-based
Passive Acoustic Monitoring as a Requirement

Alternative 3 — Addition of Both Passive and
Active Acoustic Monitoring as Requirements

Alternative 4 — Restrict G&G Seismic Survey
Operations

Marine Mammals

Sperm whales

Potentially adverse but not significant impact
from potential exposure to elevated, repetitive,
intermittent, and localized noise levels, resulting
in possible hearing impairment. No mortality or
serious injury (i.e., no exceedance of the
Potential Biological Removal [PBR] level); no
displacement from key habitat; no long-term or
permanent displacement from preferred feeding,
breeding, or nursery habitats; no substantial or
chronic disruption of behavioral patterns that
may adversely affect sperm whales through
effects on annual rates of recruitment or
survival. In water depths >200 m throughout
the Gulf of Mexico and Federal waters <200 m
deep in the Eastern Planning Area, under
requirements of Notice to Lessees (NTL)
No. 2004-GO01, visual monitoring of the 500-m
exclusion zone reduces the likelihood that
whales will be present in close proximity to an
array.  When coupled with ramp-up, these
measures may reduce the potential for hearing
impairment or other injury to sperm whales
from instantaneous start-up of an airgun array.
Potential for acoustic impact to sperm whales
remains, as undetected individuals may enter the
zone of maximum ensonification below an array
during a dive.

Limitations: 1) visual monitoring effective
during daylight, good visibility/sightability
conditions; 2) ramp-up remains unproven as a
mitigation measure, although recognized as a
common sense measure; 3) species/group
specific limitations (detectability); and 4) minor
cost ramifications.

Potentially adverse but not significant. Passive
acoustic monitoring relies on passive sensing
and location of whale vocalizations. Potential
for impact may be reduced if whales vocalize
and are detected. Assumed to be effective for
sperm whales, as they frequently vocalize.
Potential for impact to sperm whales is not
completely eliminated, impact level remains
potentially adverse but not significant.
Limitations: Passive acoustic monitoring
1) only works for vocalizing whales; many
animals are quiet much of the time, especially
when disturbed; 2) difficult to determine the
range to the vocalizing animals when using a
towed array; 3) cannot readily determine depth
to vocalizing animals; 4) for fixed hydrophones
(ship or bottom mounted recorders, sonobuoys,
ocean bottom cables), area of
coverage/detection range may be limited by
noise, requiring more sensors to cover a seismic
survey area; 5) requires hydrophone arrays be
towed behind the survey vessel (or from an
additional chase boat); 6) hydrophone
performance may be affected by tow speed and
the ship’s acoustic characteristics, limiting
detection range; and 7) cost ramifications.

Potentially adverse but not significant. Passive
acoustic monitoring relies on passive sensing
and location of whale vocalizations. Active
acoustic monitoring relies on an active (e.g.,
sonar) search for whales. Potential for impact
may be reduced. Passive acoustic monitoring
may be effective for sperm whales, as they
frequently vocalize. Potential for impact to
sperm whales may be reduced if whales
vocalize and are detected.

Advantages of passive acoustic monitoring
relative to active acoustic monitoring include:
1) longer ranges <can Dbe achieved;
2) omnidirectional; 3) species can be potentially
identified by their vocalization signature; 4) no
acoustic footprint that could affect the target
animals; and 5) more mature and affordable
technology.  Advantages of active acoustic
monitoring compared with passive acoustic are
as follows: 1) works with non-vocalizing or
cryptic whales and those species that exhibit
only limited vocalization; 2) can in some cases
determine 3D range and bearing, including
depth of vocalizing animals; 3) avoids having to
stream behind survey vessel if sound source and
hydrophone/receiver are hull-mounted; and
4)may involve less bulky equipment,
minimizing personnel required for handling and
operation.

Limitations: Active acoustic monitoring has the
following disadvantages: 1) active source may
be more harmful than the sound source it is
being used to mitigate; 2) limited detection
ranges depending on power and frequency;
3) inability to identify species based purely on
size; 4) limited beam width and associated
problems seeing deep-diving whales at close
range; 5) active systems could potentially affect
the behavior of the animals themselves;
6) towfish would be required, possibly larger
than passive acoustic monitoring array; and
7) current costs for development and
deployment are higher.

Potentially adverse but not significant.
Restrictions on concurrent seismic operations
will prevent the potential for simultaneous
exposure. Acoustic impacts to sperm whales
would be slightly reduced; however, the
potential for acoustic impacts to sperm whales
remains. Industry practice may already
effectively ~ implement  this  restriction.
Limitations: None.
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Summary and Comparison of Environmental Impacts from Each Alternative on a Resource by Resource Basis

(Continued)

Alternative 1 —

Alternative 2 — Addition of Vessel-based

Alternative 3 — Addition of Both Passive and

Alternative 4 — Restrict G&G Seismic Survey

Resource Proposed Action' Passive Acoustic Monitoring as a Requirement Active Acoustic Monitoring as Requirements Operations
Bryde’s Potentially adverse but not significant impact  Potentially adverse but not significant. Same Potentially adverse but not significant.  Potentially adverse but not significant. Same
whales from potential exposure to injurious noise levels  as sperm whales above — potential for impact Bryde’s whales are known to vocalize; as sperm whales above — potential for impact
(repetitive, intermittent, and localized); same remains. frequency of vocalization may be problematic; remains the same. Limitations: Same as above.
effects as sperm whales, above (e.g., no PBR  Bryde's whales are known to vocalize, but the  passive acoustic effective only when whales
exceedances, etc.). Effective visual monitoring  frequency of their vocalizations may be vocalize; geographic and depth limits of this
when coupled with ramp-up may reduce the problematic; passive acoustic effective only species may further limit  mitigation
potential for hearing impairment or other injury ~ when whales vocalize; geographic and depth  effectiveness. Active acoustic may be
to Bryde’s whales from instantaneous start-up of ~ limits of this species may further limit problematic. —Potential for impact remains.
an airgun array. Visual monitoring of a pre- mitigation effectiveness. Limitations: Same as  Limitations: Same as above.
determined impact zone reduces the potential  above.
for hearing impairment. The potential for
acoustic impact is reduced.  Potential for
acoustic impacts to Bryde’s whales remains.
Limitations: Ramp-up unproven as a mitigation
measure.  Visual monitoring effective only
during daylight, during periods of good
visibility; cost ramifications.
Beaked Potentially adverse but not significant impact  Potentially adverse but not significant. Beaked Potentially adverse but not significant. Beaked  Potentially adverse but not significant. Same
whales from potential exposure to injurious noise levels ~ whales same as Bryde's whales above — whales same as Bryde's whales above - as sperm whales above — potential for impact
(repetitive, intermittent, and localized); same  potential for impact remains. Limitations: Same  potential for impact remains. Limitations: remains. Limitations: Same as above.
effects as sperm whales, above (e.g., no PBR  as above. Same as above.
exceedances, etc.).
Other Potentially adverse but not significant impact  Potentially adverse but not significant. Same  Potentially adverse but not significant. Same Potentially adverse but not significant. Same
cetaceans from potential exposure to injurious noise levels  as sperm whales above — potential for impact as sperm whales above — potential for impact as sperm whales above — potential for impact
(repetitive, intermittent, and localized). remains. Limitations: Same as above. remains. Limitations: Same as above. remains. Limitations: Same as above.
Manatees Negligible impact due to unlikely exposure. Negligible. No effect of mitigation; potential — Negligible. No effect of mitigation; potential  Negligible. No effect of mitigation; potential
for impact remains the same. Limitations: for impact remains the same. Limitations: for impact remains the same. Limitations:
Same as above. Same as above. Same as above.
Sea Turtles Impacts primarily negligible, but may elevate to  Negligible to potentially adverse but not Negligible to potentially adverse but not  Negligible to potentially adverse but not

potentially adverse but not significant from
potential exposure to injurious noise levels
(repetitive, intermittent, and localized) and
vessel traffic; seismic noise may disturb sea
turtles and may produce temporary or
permanent hearing impairment in some
individuals, but is unlikely to cause death or
life-threatening injury. Seismic surveys and
other G&G activities are not expected to cause
long-term or permanent displacement from
critical habitat/preferred habitat, nor result in
destruction or adverse modification of critical
habitat.

significant. No effect of mitigation due to lack
of vocalization; potential for impact remains the
same. Limitations: Same as above. No effect
of mitigation due to lack of vocalization

significant. Potential for impact remains the
same. Limitations: Same as above.

significant. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.
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Summary and Comparison of Environmental Impacts from Each Alternative on a Resource by Resource Basis

(Continued)
Resource Alternative 1 -, A'ltemative 2 - Add'itio.n of Vessel-bfised Altgrnative 3 - Addit%on pf Both Pas'sive and Alternative 4 — Restrict G&G Seismic Survey
Proposed Action Passive Acoustic Monitoring as a Requirement Active Acoustic Monitoring as Requirements Operations
Fishes Negligible to potentially adverse but not Negligible to potentially adverse but not  Negligible to potentially adverse but not Negligible to potentially adverse but not
significant impact from seismic survey noise  significant. No effect of mitigation; potential  significant. No effect of mitigation; potential  significant. No effect of mitigation; potential
(repetitive, intermittent, and localized); noise  for impact remains the same. Limitations: for impact remains the same. Limitations: for impact remains the same. Limitations:
may disturb fish and may produce temporary or ~ Same as above. Same as above. Same as above.
permanent hearing impairment in some
individuals, but is unlikely to cause death or
life-threatening injury. Seismic surveys are not
expected to cause long-term or permanent
displacement of any listed species from critical
habitat/preferred habitat, nor to result in
destruction or adverse modification of critical
habitat or essential fish habitat.
Commercial Potentially adverse but not significant impact  Potentially adverse but not significant. No  Potentially adverse but not significant. No  Potentially adverse but not significant. No
and from space-use conflicts (between seismic effect of mitigation; potential for impact effect of mitigation; potential for impact effect of mitigation; potential for impact
Recreational surveys and longline fisheries) and seismic  remains the same. Limitations: Same as above. remains the same. Limitations: Same as above. remains the same. Limitations: Same as above.
Fisheries survey noise (short-term and localized decreases

Coastal and
Marine Birds

Benthic
Communities

in catchability, not to an extent that would be
expected to result in economic losses).
Negligible impact from seismic surveys
(repetitive, intermittent, and localized noise) and
aircraft and vessel traffic (noise, disturbance).
Negligible impact from geological and
geochemical sampling, anchors, and bottom
cables (placement, retrieval) on soft bottom
communities, with negligible to potentially
adverse but not significant impacts to sensitive
benthic communities (if unidentified prior to
bottom-related activities). No seismic related
impacts.”

Negligible. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.

Negligible (sece footnote 2). No effect of
mitigation; potential for impact remains the
same. Limitations: Same as above.

Negligible. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.

Negligible (see footnote 2). No effect of
mitigation; potential for impact remains the
same. Limitations: Same as above.

Negligible. No effect of mitigation; potential
for impact remains the same. Limitations:
Same as above.

Negligible (sece footnote 2). No effect of
mitigation; potential for impact remains the
same. Limitations: Same as above.

1

(except in the Eastern Planning Area), no visual monitoring or ramp-up required.

2

known sensitive resources; increased impact levels might be realized if sensitive resources remain unidentified (see PEA Section I11.G - Benthic Communities).

In all Gulf waters >200 m and all outer continental shelf waters (regardless of water depth) in the Eastern Planning Area; includes ramp-up and visual monitoring per NTL No. 2004-GO01; in water depths <200 m

Negligible impacts to sensitive benthic resources are expected from bottom-related (i.e., seafloor) activities due to existing protective measures and operational restrictions, coupled with proper identification of

¥9-111

SI.?UdW[ [DIUIMUOAIAUT]



Environmental Impacts II1-65

alternatives are based on their perceived advantages relative to the Proposed Action, Alternative 1.
Limitations evident in each alternative also are noted in the table.

As is evident from this table, Alternatives 2, 3, and 4 fail to offer either effective mitigation or
reduction in impact (due to operational restrictions) to most of the resources listed, including fishes,
commercial and recreational fisheries, coastal and marine birds, and benthic communities. Impacts to
these resources remain unchanged relative to Alternative 1.

Among sea turtles, visual monitoring (Alternative 1) offers limited mitigation under those
conditions where individual turtles or sargassum rafts may be sighted (perception bias). Remaining
alternatives (i.e., Alternatives 2, 3, and 4) offer no reduction in impact level relative to Alternative 1.

Among the marine mammals, there are expected decreases in impacts to all vocalizing marine
mammals (with the exception of manatees) under Alternative 2 (passive acoustic monitoring) and
Alternative 3 (passive and active acoustic monitoring), in spite of the limitations noted for each mitigation
measure. Alternative 2 (in water depths >200 m throughout the GOM and all OCS waters [regardless of
water depth] in the Eastern Planning Area, where NTL No. 2004-GO1 is required) offers the greatest
potential for reduced impacts to vocalizing species (e.g., sperm whales); impacts to non-vocalizing marine
mammals remain unchanged. A combination of existing NTL requirements and passive acoustic
monitoring, while not completely eliminating the limitations inherent in each individual measure, is
expected to provide the greatest degree of assurance that no marine mammals (with the exception of
manatees) have ventured into the exclusion zone of an operational seismic array.

Under Alternative 3, some marine mammals (i.e., those that vocalize) may realize benefit from
passive acoustic monitoring, and some species may be detectable using active acoustic monitoring
techniques. However, there are limitations and potential impacts associated with active acoustic
monitoring that may outweigh its potential benefits. Mitigation is not expected to be as effective under
Alternative 3 as may be realized under Alternative 2.

Alternative 4 offers an indeterminate reduction in the potential for impact to sperm and Bryde’s
whales; however, current industry practice may already address the need to avoid concurrent seismic
survey activity.

As a final note, in all cases where impacts are expected to decrease, there has been no reduction
in impact designation level established under Alternative 1, due in part to the limitations inherent in each
mitigation. Only the potential for impact has been reduced as a result of the mitigation measure.

I. SUMMARY OF DATA GAPS, LIMITATIONS, AND ASSUMPTIONS

A summary of data adequacy, recognized data gaps and limitations, and assumptions used in this
analysis has been compiled in Table III-5. Topics outlined in the table include adequacy of life history
and ecological data for GOM species, adequacy of survey data, assumptions and interpolations applied to
the available data, mitigation effectiveness, and significant data gaps (e.g., recognition and avoidance of
seismic noise, seismic pulse frequency characteristics and the range of marine mammal hearing
sensitivities, etc.). Where identified limitations or data deficiencies have been noted, a realistic approach
or interpretation of available data was employed in the impact analysis.



Summary of Identified Data Limitations, Data Gaps, and Interpolations Utilized During Impact Determinations of Geological and

Table I11-5

Geophysical (G&G) Activities on Potentially Affected Resources

Limitation, Data Gap, or
Interpolation

Comment

Adequacy of Biological
Data

Adequacy of Survey Data

Simplified Calculation of
Radial Distance to
Isopleths of Interest

Life history and ecological data are available for certain species or groups found within outer continental shelf (OCS) waters of the U.S. Gulf of
Mexico (GOM), while others are not as well known. Physiological data (e.g., hearing sensitivity [hearing thresholds, frequency]; sensitivity to
intermittent seismic sound) are adequate for several groups (e.g., fishes), with only limited data available for marine mammals and turtles.
Hearing sensitivities measured in several odontocete species, but only inferred from vocalization characteristics for mysticetes and remaining
odontocete species. Similarly, only limited hearing threshold data exist for sea turtles.

Historical and current survey activity of marine mammals and sea turtles in the U.S. GOM is rather extensive, based on completion (or continuation) of
nearly a dozen major survey efforts in the region since 1980 (e.g., GulfCet I and II surveys, Southeast Fisheries Science Center [SEFSC] and SEFSC
surveys, SEFSC-Minerals Management Service [MMS)] joint survey efforts). Line transect data are readily available for the larger marine mammals
species and species/species groups that are readily visible at the sea surface (i.e., available for sighting); more cryptic species or those that are solitary or
occur in small groups are not as well described. Distributional information, based on available survey data, is biased towards shallower waters (e.g.,
nearshore, continental shelf, upper slope), indicative of the relative survey effort. Deep water species distributional and density information should be
qualified, as appropriate. Refined marine mammal density estimates became available as a result of recent survey efforts completed by National Marine
Fisheries Service (NMFS). These revised density estimates, categorized by water depth (i.e., <200 m; >200 m) and planning area, have been integrated
into this analysis.

A simplifying assumption in the calculation of distance to the isopleths of interest is that the ensonified zone is circular or radial. A reasonable
accommodation is also made in the calculations for the array effect. As noted in Appendices C (Section III - Seismic Source Levels) and D
(Section IL.A - Airguns), the seismic signal from an array is directed in a downward, vertical direction, towards the seafloor. Array geometry
(e.g., airgun separation and size) and aspect (i.e., in-line versus cross-line array axes) also affect the geometry of the sound field created. As a
consequence, the area of ensonification surrounding an array is elliptical when viewed from above, indicative of the fact that there is a difference
in the sound attenuation rate along the water surface fore and aft of the array versus port and starboard of the array (see Appendix C,
Figure C-12; Appendix D, Figure D-4; Appendix L, Figure L-2). Consideration of the array effect takes this fact into account. For the purpose
of this analysis, the greatest radial distance to the target isopleth is calculated; this provides an estimate of the maximum distance to a particular
isopleth. However, calculations that are based on this maximum radial distance produce an overestimate of total area ensonified. A review of a
recent model validation study (LGL Ltd., environmental research associates, 2003) and field measurements of seismic arrays (e.g., see Goold and
Fish, 1998) indicates that the actual elliptical area ensonified by either single or multiple pulses is approximately one-half of that calculated using
a radial geometry. Therefore, a 50% reduction in area ensonified has been adopted in the harassment and take analysis (Appendix L) to account
for conversion from a radial to an elliptical zone of ensonification.

99-111

SJJDdW[ [PIUMUOAIAUT]



Summary of Identified Data Limitations, Data Gaps, and Interpolations Utilized During Impact Determinations of Geological and

Table I11-5

Geophysical (G&G) Activities on Potentially Affected Resources
(Continued)

Limitation, Data Gap, or
Interpolation

Comment

Recognition and
Avoidance of Seismic
Noise

Seismic Pulses and the
Range of Marine Mammal
Hearing Sensitivities

Intermittent vs. Continuous
Noise Exposure

National Oceanic and Atmospheric Administration Fisheries (NOAA-F) has established 160 and 180 dB re 1 pPa (rms) as possible exposure
levels to which marine mammals may exhibit behavioral response or physiological injury. These levels are subject to change as more data
regarding sound exposure levels and marine mammal sensitivity and response become available. Specific information about the reactions of some
baleen and odontocete whales to low frequency noise pulses has come from observing responses of bowhead whales in the Beaufort Sea,
migrating gray whales off California, and migrating or lingering humpback whales off western Australia to pulses from airguns and other non-
explosives (Richardson et al., 1986; Malme et al., 1983, 1984; McCauley et al., 1998, 2000). Avoidance reactions to seismic sounds at received
levels of about 160 to 170 dB re 1 pPa (rms) and, in some cases, somewhat lower levels, have been documented. Humpback whales showed
avoidance at a mean received sound level of 140 dB re 1 pPa (rms). About 50% of feeding gray whales will cease feeding at an average peak
pressure level of 173 dB (Malme et al., 1988), and about 50% of migrating gray whales will avoid a seismic source at about the same average
received sound levels (Malme and Miles, 1985). Similar observations for GOM marine mammals exposed to seismic are generally lacking.
Further, the question of acclimation to seismic noise (i.e., use of seismic arrays in a mature oil producing region such as the GOM) remains
unanswered. In addition, marine mammal researchers have suggested that the orientation of the marine mammal at risk relative to the sound
source also may affect how much an animal may be affected (e.g., whether temporary threshold shift or permanent threshold shift results from the
exposure). Currently, there is no provision in the incidental take calculation methodology to accommodate the potential for recognition and
avoidance of the seismic source by marine mammals in the general area (e.g., beyond the 160-dB [rms] isopleth).

There is only limited accommodation within the impact analysis to account for the predominant frequencies that comprise seismic signals and the
potential for overlap (or, more importantly, the lack thereof) between seismic signals and the vocalization/estimated hearing frequencies of species
of concern. As outlined in Appendix G (Section I.E.1.b - Biological Context), hearing threshold data for marine mammals are very limited,
particularly for the larger whale species. Hearing thresholds have been inferred from vocalization data. In general, most toothed cetaceans are
good mid- to high-frequency vocalizers (i.e., sonic to ultrasonic specialists, 100 Hz to 100 kHz), while baleen whales generally vocalize in the
lower frequency bands (i.e., sensitive to infrasonic sounds, 10 Hz and upwards; see Appendix G, Section I.A — Marine Mammal Hearing).
More specifically, mysticetes exhibit inferred hearing thresholds of 10 to 31,000 Hz, with dominant frequencies of 16 to 25,000 Hz; odontocete
hearing thresholds are highly species-specific, with dominant frequencies of 120 to 60,000 Hz in delphinids (Appendix G, Tables G-1 and G-2;
see Ketten, 1998). For this G&G Programmatic Environmental Assessment, impact determinations (and take estimations) considered the
possibility of frequency overlap between the predominant components of a seismic pulse and the inferred hearing capabilities of GOM marine
mammal species. One major consideration in an assessment of impact should be the output frequencies of the seismic source and the
hearing/frequency sensitivities of the species of concern.

Sensitive resources, particularly those that are mobile, are not continuously exposed to seismic noise (e.g., along the entire transect or series of transects
surveyed during a seismic survey). Airgun arrays are fired intermittently, every 12 to 16 s, and in some cases slightly longer. The duration of each pulse is
measured in terms of milliseconds, as are the reflections of the pulse off the seafloor or sea surface. In addition, both the sound source and a majority of
biological resources (e.g., marine mammals, sea turtles, fish) are moving. Relative movement of vessel and the resource (e.g., whales) either away
from or towards one another over a period of minutes may be significant. Both the type of exposure (i.e., intermittent, pulsed from G&G seismic
sources) and the duration of the exposure (i.e., due to resource proximity and location in the water column [surface vs. submerged], ability to
move away from a potentially adverse sound source) are important elements in estimating exposure and potential for impact.
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Summary of Identified Data Limitations, Data Gaps, and Interpolations Utilized During Impact Determinations of Geological and

Table I11-5

Geophysical (G&G) Activities on Potentially Affected Resources
(Continued)

Limitation, Data Gap, or
Interpolation

Comment

Effect of Biotic and
Abiotic Factors in Marine
Mammal Distribution

Effectiveness of Existing
Mitigation Measures

Other Assumptions

Oceanographic and other conditions may strongly influence the distribution and numbers of marine mammals present in an area. Therefore, for
some species, available density estimates may not be fully representative of the densities that may be encountered during future seismic operations
(e.g., a species distribution within a particular planning area). In addition, limited life history and ecological data are available for certain species,
while others are well known. The results of this assumption may either underestimate or overestimate impact. This is particularly problematic for
species that often congregate (i.e., show clumped distribution patterns). To represent the potential presence of a particular species in shallow or
deep water more accurately, within one of three GOM Planning Areas, refined density estimates became available as a result of recent survey
efforts completed by NMFS. These revised density estimates, categorized by water depth (i.e., <200 m; >200 m) and planning area, have been
integrated into this analysis. The problem persists, however, for smaller scale oceanographic features (e.g., rings), which may attract select
species, or cross depth or planning area boundaries.

MMS Notice to Lessees No. 2004-G01 was implemented to provide assurance that marine mammals and turtles (i.e., at water depths >200 m
throughout the GOM,; all OCS waters in the Eastern Planning Area) will not be subjected to relatively high sound levels in close proximity to an
array. The use of ramp-up procedures, coupled with protected species observation (visual monitoring) and reporting and establishment of a 500-m
(radial) zone (exclusion zone) around the center of the towed airgun array and the area within the immediate vicinity of the survey vessel, are
intended to 1) provide confidence to the G&G operator that the initiation of ramp-up will occur without whales, other marine mammals, and sea
turtles in close proximity, and 2) provide an audible warning to marine mammals in the general area that seismic operations are being initiated and
to allow sufficient time for those animals to leave the immediate vicinity. Visual monitoring is not expected to be completely effective — e.g.,
marine mammals and sea turtles may remain submerged (and unsighted) during visual monitoring, cryptic species may only surface for a very
short time, weather and sea surface conditions may limit an observer’s ability to sight animals at the surface.

e  Assumption that 3D seismic survey activity levels realized in 2002 will, in general, remain relatively constant and distributed between
water depths and planning areas in similar fashion. Limited accommodation is made in this analysis for increased activity in select
planning areas where no activity occurred in 2002 (i.e., Eastern Gulf Planning Area).

e  Utilization of 0.3 and 3.0 km as appropriate maximum radial distances to the 180- and 160-dB (rms) isopleths is based on a “typical”
seismic array (i.e., 4,550-in.? airgun array; 240 dB re 1 pPa [zero-to-peak], 230 dB re 1 pPa [rms]) in use in the GOM (see Appendix C,
Section III — Seismic Source Levels). Actual array output varies by operator and can be lower than the typical system employed in this
analysis. Lower output systems produce smaller zones of ensonification. For example, for an array with a specified source level 10 dB
less than the typical array, the range to the 180- and 160-dB isopleths would be on the order of 100 and 1,000 m, respectively.
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IV.  CONSULTATION, COORDINATION, AND DOCUMENT REVIEW

In addition to the MMS personnel contacted during the project, the following Federal
agency personnel were consulted during the preparation of the PEA:

NOAA - F (formerly NMFS), Silver Spring, Maryland:
Therese Conant

Roger Gentry

Ken Hollingshead

Terry Rowles

Barbara Schroeder

Kathy Wang

NMFS, Pascagoula, Mississippi:
e Keith Mullin

NMFS, Miami, Florida:
e Blair Mase
e Nancy Thompson

NMFS, La Jolla, California:
e Jay Barlow
e Shannon Rankin

National Oceanic and Atmospheric Administration, Pacific Marine Environmental Laboratory,
Newport, Oregon:
e Chris Fox

Office of Naval Research, Arlington, Virginia:
e Robert Gisiner

U.S. Fish and Wildlife Service, Panama City, Florida:
e Lorna Patrick

U.S. Fish and Wildlife Service, Jacksonville, Florida:
e Linda Walker

U.S. Fish and Wildlife Service, Washington, DC:
e Ronald Britton

The following personnel from the private sector and academia were consulted during the
preparation of the PEA:

Roy Bampton, Veritas Marine Acquisition
William Kerry Behrens, Fugro GeoServices
Gary Bernhardt, Benthos

Doug Bremner, WesternGeco

Mike Brunham, Petroleum Geo-Services

Jack Caldwell, WesternGeco

Paul Chelminski, Bolt Technology Corporation
David Crockett, WesternGeco

Stephen Cryer, WesternGeco

Stuart Denny, Veritas Marine Acquisition
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Bill Dragoset, WesternGeco

William Evans, Texas A&M University, Galveston

Philip M. Fontana, Veritas Marine Acquisition

Kurt Fristrup, Cornell University, Cornell Laboratory of Ornithology
Elvind Fromyr, Petroleum Geo-Services

G.C. Gill, International Association of Geophysical Contractors
Earnest Hall, Oyo Corporation

Scott Hammond, Bell GeoSpace

Ted Hampton, Fugro GeoServices

Richard Henman, WesternGeco

Alf Hesthag, WesternGeco

Todd Jones, GXT

Jeff Mayville, WesternGeco

Frank Morrison, University of California, Berkeley

Michael W. Norris, WesternGeco

Tom Parker, Petroleum Geo-Services

Thomas O. Pickens, Petroleum Geo-Services

Bill Pramik, Petroleum Geo-Services

David Pryer, Petroleum Geo-Services

Dan Quinn, Baker Hughes

W. John Richardson, LGL Ltd., Environmental Research Associates
Peter Seidel, Petroleum Geo-Services

Peter Stewart, GXT

Bob Tatham, University of Texas, Austin

Aaron Thode, Massachusetts Institute of Technology

Peter Tyack, Woods Hole Oceanographic Institution

MMS, responsible agency, industry, and public review of the Draft PEA resulted in valuable
contributions, recommendations, and additional technical information pertinent to G&G activities and
projected impacts. A broad representation of interested parties contributed review comments to finalize
the PEA.

MMS and other responsible agencies or entities reviewed the preliminary and draft versions of
the PEA. The following individuals have provided comments and recommendations regarding this
assessment, listed alphabetically by office or agency:

MMS Gulf of Mexico OCS Region, Office of Leasing and Environment:
Warren Barton

Tom Bjerstedt

Dennis Chew

Jeff Childs

Richard Defenbaugh (Contracting Officer’s Technical Representative [COTR])
Stephanie Gambino

Bill Lang

Debbie Miller (LE Technical Editor)

Michelle Morin

Terry Scholten

Sarah Tsoflias

MMS Headquarters Office, Environmental Division:
e Judy Wilson
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MMS Headquarters Office, Resource Evaluation Division:
e Dave Zinzer

MMC:

e MMC staff

NOAA-F (previously NMFS), Headquarters Office:
e Ken Hollingshead
e Simona Roberts

The Draft PEA also was released for public review and comment. An abbreviated chronology
and summary of public comments follows. In mid-August 2002, the Draft PEA was made available for
review and comment to interested non-Federal parties. The opportunity for comment expired on
19 September 2002. Comments were received from several parties. These parties are listed below in the
sequence that comments were received, and with the comments synopsized.

1) E-mail message, R. Dykstra (Orchids & Egrets, Inc.) to MMS dated 5 September 2002;
subject “Programmatic Environmental Assessment (PEA) of G&G on the Gulf of Mexico’s
OCS.”

Mr. Dykstra’s message asks MMS to consider the potential negative environmental
impacts of G&G exploration on marine life of the Gulf OCS that outweigh the “short
term and supposed” strategic need for domestic fuel sources. He comments that the PEA
is needed and should not be rushed. He encourages conservation and accelerated
development of sustainable energy sources. Mr. Dykstra’s general comments did not
result in any specific guidance by MMS for technical revisions of the PEA.

2) E-mailed letter, G.C. Gill (International Association of Geophysical Contractors) to MMS
dated 19 September 2002; captioned “IAGC comments on a Draft Programmatic
Environmental Assessment on Geological and Geophysical Exploration in the Gulf of
Mexico (EA).”

Mr. Gill’s letter notes the role of the IAGC as an international trade association
representing the geophysical services industry, which acquires, interprets, and provides
data and/or interpretations to the oil and gas industry. The letter notes that IAGC
reviewers found “numerous technical errors”; they reviewed some sections of the PEA,
but not others; and the IAGC requests that the PEA be made internally consistent, so that
each time a matter is addressed, corrections be made, even if the IAGC review did not
address that place in the document. The letter comments that the PEA recognizes that
seismic activities pose few risks to the marine environment, and essentially none that
have been documented by scientific evidence. The letter notes that IAGC and MMS are
research partners in the Sperm Whale Seismic Study, a multi-year research program
intended to provide precise information on the effects of seismic acoustic emissions on
marine mammals, especially sperm whales. In addition to these general comments, the
IAGC provided several pages of additional general comments and more specific technical
comments. The IAGC endorses [Draft PEA] Alternative 1' and believes the other
mitigation measures are speculative, disadvantageous, and should not be required. Some

! Alternatives evaluated in the Draft PEA have been revised to reflect current MMS requirements on G&G
operations; see Appendix A.
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of the IAGC’s specific technical comments were incorporated into the MMS guidance for
revision of the Draft PEA.

3) E-mailed letter, D. Quinn (Baker Atlas) to MMS dated 19 September 2002; responding to the
G&G Draft Programmatic Environmental Assessment with comments on the regulations with
respect to borehole seismic surveys.

Mr. Quinn’s letter comments that the Draft PEA discusses seismic operations in the Gulf
solely in the context of “surface seismic surveys” without adequate discussion of
borehole seismic surveys, which use airguns as a sound source and so should be included
in the scope of the PEA. The letter provides a brief overview of borehole seismic
operations and suggests revisions to the suite of mitigations that comprise Alternative 3
to reduce environmental impact while still allowing for borehole seismic data acquisition.
Mr. Quinn’s comments resulted in guidance by MMS to expand the scope of the PEA to
better address borehole seismic survey operations.

4) Letter, K. Harb (National Ocean Industries Association [NOIA]) to MMS dated
19 September 2002; captioned “Draft Programmatic Environmental Assessment on
Geological and Geophysical Exploration in the Gulf of Mexico Outer Continental Shelf.”

Ms. Harb notes NOIA’s role as a national trade association representing all segments of
the offshore energy industry. The NOIA letter comments on the importance of seismic
surveys to the offshore oil and gas industry and expresses strong support for
Alternative 1, the “Proposed Action.” The letter lists the mitigation measures associated
with each of the four alternatives discussed in the Draft PEA and expresses concern that
the additional measures and restrictions proposed in [Draft PEA] Alternatives 2, 3, and 4
would slow OCS exploration and development. NOIA’s general comments did not result
in any specific guidance by MMS for technical revisions of the PEA.

5) E-mailed comments, C. Sarthou (Gulf Restoration Network) to MMS dated 19 September
2002; headed “Comments submitted by the Gulf Restoration Network on the MMS’ G&G ...
Programmatic Draft Environmental Assessment.”

Ms. Sarthou’s comments briefly describe the scope and interests of the Gulf Restoration
Network (GRN), then express several specific concerns regarding the Draft PEA. The
GRN does not believe the finding of no significant adverse impact to marine mammals in
Gulf of Mexico is justified by the analyses. The GRN believes the Proposed Action may
have a significant effect and so should be addressed by preparation of an EIS, the
Proposed Action violates the mandates of the OCS Lands Act, and authorization for
“taking” marine mammals is needed to avoid violation of the Endangered Species Act
and the Marine Mammal Protection Act. The GRN provides detailed arguments to
support these assertions, generally citing the analyses or scientific information presented
in the PEA.

The GRN general comments did not result in any specific guidance for technical

revisions of the Draft PEA. MMS has taken several other actions that address the GRN

concerns:

e MMS has issued NTLs that require mitigations similar to those described in the Draft
PEA under Alternative 3.

e MMS has submitted a petition to NOAA, requesting rulemaking to authorize small
“takes” of sperm whales incidental to OCS seismic operations in the Gulf of Mexico.
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e Prior to public release of the Draft PEA, MMS determined that Alternative 3 was
preferred over Alternative 1. This was communicated to Federal reviewers, but not
to early non-Federal recipients of the Draft PEA, including GRN.

6) Letter, L.F. Griffin (Florida Department of Environmental Protection) to R. Defenbaugh
(MMS) dated 2 December 2002; captioned “Draft Programmatic Environmental Assessment
— geological & geophysical exploration for mineral resources on the Gulf of Mexico outer
continental shelf.”

Ms. Griffin briefly comments on the State’s review of the PEA, the reasons for
preparation of the PEA, previous pertinent documents, and the PEA alternatives. Florida
concurs that [Draft PEA] Alternative 3 is the preferable alternative but does not believe
the information and analysis in the PEA supports a conclusive finding of no significant
impact. Florida recommends that MMS prepare a draft EIS on G&G activities, with
[Draft PEA] Alternative 3 as the Proposed Action. Ms. Griffin notes that the Federal
actions described in the PEA (i.e., permitting G&G operations) are subject to State CZM
consistency review. Florida provided several detailed technical comments, some of
which have been incorporated into the MMS guidance for revision of the Draft PEA.
Florida suggests that additional studies be conducted, including a study of the
effectiveness of ramp-up as a mitigation measure.
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VII. GLOSSARY'

Acoustic: Pertaining to the sense or organs of hearing, to sound, or to the scientific study of sound,
especially of its generation, transmission, and reception.

Active acoustic monitoring: A sound-producing and listening/recording system designed to detect the
presence of an inanimate or animate object (or objects) in the water.

Adverse impact: Any impact arising from an activity (e.g., a Proposed Action) that is non-beneficial. An
adverse impact can manifest itself as a direct, indirect, and/or cumulative impact, and may affect one or
more resources in the environment. Adverse impacts may be further divided into negligible, adverse but
not significant, or significant, based on appropriate resource-specific impact evaluation criteria.

Allision: The collision between one ship in motion with another stationary vessel, structure, or facility.
Ambient noise: The typical or persistent environmental background noise present in the ocean.
Anthropogenic noise: Noise related to or produced by human activities.

Attenuation: Energy losses in a pressure wave, or sound, which occur as the wave travels through a
medium. In seawater, the associated wavefront diminishes due to the spreading of the sound over an
increasingly larger volume and the absorption of some of the energy; also known as transmission loss.

Baleen: Filtering plates that hang from the upper jaw of baleen whales.
Baleen whales: Filter-feeding whales, also known as mysticetes.

Bin or bin-size: One of a set of discrete areas into which a survey area is divided. A bin refers to an area
with in-line and cross-line dimension used for 3D seismic data processing. Bin-size, numbers of bins, and
number of hard copy records vary depending upon the type and objectives of the specific G&G survey
being conducted.

Block (= lease block): A geographical area portrayed on official MMS protraction diagrams or leasing
maps. MMS OCS blocks are typically square, measure 3 statute miles along each side, and comprise
approximately 2,331 hectares. Lease blocks are those that have been offered for sale by the MMS and
have been subsequently leased by a designated lease holder (e.g., operator or consortium) for mineral
exploration and development.

Cetacean: Of, or belonging to, the order Cetacea. Aquatic placental mammals with anterior flippers, no
hind limbs, a blow hole, and a horizontal tail fluke. Commonly known as whales, dolphins, and
porpoises.

Conservative: As used in the context of this PEA, an estimate or judgment that errs on the side of
precaution and protection of sensitive environmental resources.

! Glossary definitions derived or adapted from dilithium Press, Ltd. (1989), Richardson et al. (1995), USDOI, MMS
(2001b, 2002a), and/or Department of the Navy (2001b).
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Critical habitat: Designated geographic areas where one or more species of concern reside, characterized
by the presence of physical and/or biological attributes (characteristics) deemed essential to the survival
of the species, or the area surrounding such habitats, which are essential to the survival of the species.

Decibel: A dimensionless unit used to express the ratio of two quantities on a logarithmic scale. In
underwater acoustics, sound pressure is measured in decibels relative to a reference pressure of 1 pPa, as
20 times the logarithm of a measured level divided by the reference level. Acoustic intensity is measured
as 10 times the logarithm of a measured intensity divided by the intensity of a plane wave of rms pressure
equal to 1 pPa.

de minimus: An entity (or attribute) that is smallest or least significant.

Endangered species: Defined in 16 U.S.C. 1532 as any species that is in danger of extinction throughout
all or a significant portion of its range (other than a species of Class Insecta designated as a pest).
Federally endangered species are listed in 50 CFR 17.11 and 17.12.

Ensonification: The introduction of noise into the environment.

Frequency: The number of times that a periodic function or vibration occurs within 1 second. The
number of cycles per second is expressed in Hertz (1 Hz = 1 cycle per second; 10 Hz = 10 cycles per
second, etc.).

Geological and geophysical (G&G) activities: Activities designed to collect data pertinent to subsurface
geologic structure, including seismic surveys (e.g., high-resolution site surveys and various types of
seismic exploration and development surveys), deep-tow side-scan sonar surveys, electromagnetic
surveys, geological and geochemical sampling, and remote sensing.

Habitat: Environment where an animal or plant normally lives, often characterized by a dominant plant
form or physical characteristic.

Harassment: Under the MMPA, any act of pursuit, torment, or annoyance that has the potential to a)
injure a marine mammal or marine mammal stock in the wild; or b) 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.

Hertz: The unit of frequency, defined as the number of cycles per second.

KiloHertz (kHz): One thousand (1,000) Hz, or 1,000 cycles per second.

Masking: The obscuring of sounds of interest by interfering sounds, generally at similar frequencies (see
Richardson et al., 1995).

Mysticete: Any of several whale species of the suborder Mysticeti characterized by the presence of
symmetrical skulls, paired blow holes, and plates of whale bone (baleen plates) instead of teeth.

Negligible impact: An adverse impact to a resource (or resources) that is extremely minor in both context
and intensity.

Odontocete: Cetaceans of the suborder Odontoceti, characterized by a single blow hole, an asymmetric
skull, and teeth (e.g., sperm whales, orcas, dolphins).
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Passive acoustic monitoring: Listening/recording systems that detect sounds created by an object
(source) in the water (i.e., a one-way transmission of sound waves traveling through the water from the
source to the receiver).

Pelagic: Living in the water column, including marine plants and animals that are free-floating and drift
passively, or animals that are strong swimmers.

Permanent threshold shift (PTS): The permanent deterioration of hearing due to prolonged or repeated
exposure to high level sounds, and/or permanent hearing damage from exposure to rapid high pressure
events (e.g., explosive discharges).

Pinniped: Of, or belonging to the Pinnipedia, aquatic mammals such as seals, sea lions and walruses.
Pinnipeds are carnivorous, have paddle shaped hind limbs for locomotion, and must “haul out” on land or
ice to pup.

Ramp-up: The progressive build up of power output from a seismic airgun array, achieved by gradually
increasing the number of guns fired simultaneously within an array, until full power is achieved with all
guns firing simultaneously.

Received level (RL): The sound level, either pressure or intensity, received at a given point at a certain
distance from a sound source.

Root mean squared (rms): The square root of the arithmetic mean of the squares of a set of numbers.
Sirenian: An herbivorous aquatic mammal of the order Sirenia, which include the manatee and dugong.

Sound Navigation and Ranging System (sonar): A method for detecting and locating objects
submerged in water by means of the sound waves they reflect or produce.

Sound pressure level (SPL): The pressure of a sound wave, described logarithmically as 20 times the
logarithm of the measured pressure divided by a reference pressure of 1 pPa.

Sound speed: The velocity that sound waves travel through a medium (e.g., water, air). Sound speed
through seawater is ~1,500 m/s (4,920 ft/s), with variability due to differences in water temperature,
salinity, and depth (pressure). Sound speed increases with increases in temperature and pressure (depth)
and to a lesser extent with increase in salinity.

Source level (SL): The sound pressure or intensity level at 1-m range from the center of an acoustic
source. With large devices such as airgun arrays, sound level is measured at ranges greater than 1 m, and
the source level back calculated to 1-m range.

SURTASS LFA sonar: Long-range, all-weather low frequency (between 100 and 500 Hz) sonar system
composed of both active and passive components. SURTASS (Surveillance Towed Array Sensor
System) is the passive component. LFA (Low Frequency Active) is the active component.

Take: Under the Marine Mammal Protection Act, to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt any of these activities.

Temporary threshold shift (TTS): Similar to PTS; however, deterioration in hearing ability is
temporary. Repeated occurrence of TTS is thought to lead to PTS.
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Threatened species: Any species that is likely to become an endangered species within the foreseeable
future throughout all or a significant portion of its range. Threatened species are listed in 50 CFR 17.12.

Time-lapse surveys: Seismic surveys that are repeated over the same area after sufficient time has
passed; also known as four dimensional (or 4D) surveys, where the fourth dimension is time.

Tract (= lease tract): An OCS block, or portion of an OCS block, or group of OCS blocks offered for
lease at an OCS lease sale.

Transmission loss: Energy losses in a pressure wave, or sound, which occur as the wave travels through
a medium. In seawater, the associated wavefront diminishes due to the spreading of the sound over an

increasingly larger volume and the absorption of some of the energy. Also known as attenuation.

Wavelength: The distance between corresponding points of two successive waves.
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Environmental Assessment Document
Development and Revisions to Project Alternatives

The Final Programmatic Environmental Assessment (PEA) dealing with geological and
geophysical (G&G) operations in the Gulf of Mexico has undergone a series of revisions and updates
since the Preliminary Draft PEA was initially reviewed by the Minerals Management Service (MMS) in
2001. The following summary was provided by MMS to document the evolution of the PEA, as reflected
in the comment and review process of earlier draft versions of the PEA and changes in G&G operational
requirements.

Early phases of the PEA process included the following:

e MMS solicitation and award of a competitive contract to Continental Shelf Associates, Inc.,
Jupiter, FL, to prepare a PEA — June 1999;

e Preparation of the first preliminary draft PEA and review by MMS, other Federal agencies,
and pertinent experts - August 2000; and

e Preparation of the second draft PEA document and review by MMS only - June 2001.

Following several revisions and amendments to the draft working document, a formal Draft PEA
was submitted to the MMS for review in mid-February 2002 and subsequently released for formal review
in late February 2002. Formal review and comments were requested from the National Marine Fisheries
Service (NMFS; now called NOAA Fisheries; NOAA-F) Headquarters and Southeast Region offices; the
Marine Mammal Commission (MMC); and MMS Gulf of Mexico outer continental shelf (OCS) Region
and Headquarters offices.

Timely comments were received from MMC" * and MMS reviewers, and informally from
NOAA-F reviewers. Formal comments were received from NOAA-F in June 2002°. The Draft PEA was
released for private sector and public review in mid-August 2002. Consolidation of reviewers’ comments
was started in March 2002 and continued intermittently through 2002 as comments were received from
Federal reviewers, then from private sector and public commenters, and from State agency reviewers.

During the extended period of time that this Draft G&G PEA was under review, a number of
events have occurred, and documents were prepared that affected the MMS position on seismic surveys.
These include

e The St. Petersburg office of NOAA-F prepared and issued the Biological Opinion (BO) for
the Endangered Species Act (ESA) Section 7 Consultation on OCS Sale 184*. This BO drew
heavily on the Draft G&G PEA and imposed non-discretionary terms and conditions on
MMS (generally reflecting implementation of the ramp-up and visual monitoring alternative
of the Draft G&G PEA) for seismic surveys related to leases issued under Sale 184.

e The MMS mentioned the NOAA-F non-discretionary terms and requirements in the Final
Sale Notice Package for Sale 184° and prepared a Notice to Lessees (NTL No. 2002-G07)° to
implement these requirements.

e Representatives of the seismic and oil and gas industries objected to new requirements at the
Final Notice of Sale stage of the lease sale process, in the absence of prior notification or
opportunity for public comment. The International Association of Geophysical Contractors
(IAGC) sent letters to MMS Director Burton’ and NOAA-F Assistant Administrator Hogarth®
commenting on the BO® and providing information on seismic technologies'.
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During discussions among MMS, NOAA-F, and representatives of the seismic industry regarding
the NTL requirements and implementation plans, these representatives requested an opportunity to review
and comment on the Draft G&G PEA. The Draft G&G PEA was released for public review and comment
in mid-August 2002. Comments were received from the seismic industry'" ', the oil & gas industry', an
environmental group'?, a State agency'’, and one interested citizen'®. During the same general period, the
NOAA-F prepared the Draft BO for ESA Section 7 Consultation'” on the MMS proposal for several OCS
Sales in the Western and Central Gulf of Mexico over a 5-year period (commonly called the “Multi-sale
EIS”). A copy of the Draft BO was provided to MMS and was released to the private sector. The final
BO was issued by NOAA-F in November 2002'®,

During summer 2002, a major multi-year study of Gulf sperm whales and other cetaceans
sponsored by MMS, with cooperation and support from the seismic industry (i.e., the Sperm Whale
Seismic Study, SWSS) was successfully initiated. Major accomplishments included tagging numerous
sperm whales with satellite-monitored radio tags, and field testing a passive acoustic listening system for
its ability to detect and locate sperm whales, relative to the effectiveness of visual observers. SWSS
(2002) summarized the results of the survey effort — the passive acoustic monitoring system was far
superior to visual observers, as it could detect cetaceans underwater and at distances or in sea states where
visual observations are not reliable.

During discussions among MMS, NOAA-F, and representatives of the seismic and oil and gas
industries, the MMS position on requirements to mitigate impacts of seismic surveys to cetaceans
continued to evolve, resulting in issuance of Addendum 1" to NTL No. 2002-G07 in October 2002.
Subsequently, NTL No. 2003-G08 was issued effective June 2003; this NTL further refined the
requirements of G&G operators working in water depths >200 m throughout the U.S. Gulf of Mexico,
and superceded the mitigation measures outlined in NTL No. 2002-G07 and its amendment. In March
2004, MMS implemented its latest regulations pertinent to Gulf of Mexico G&G seismic operations —
NTL No. 2004-G01?°. This latest NTL does not introduce any new mitigation measures; however, the
previous restrictions adopted in NTL No. 2003-G08 specifically to protect sperm whales are now
applicable to all whales. Performance of these mitigation measures is a condition of the approval of
applications for geophysical permits. These mitigation measures apply to geophysical activities
conducted under lease terms, for all seismic survey operations conducted in waters >200 m (656 ft)
throughout the Gulf of Mexico and, in the Eastern Gulf of Mexico Planning Area, for all seismic survey
operations conducted regardless of water depth. All marine mammals, including dolphins, and sea turtles
continue to be protected effectively by implementing existing seismic survey mitigation measures
requiring ramp-up, protected species observer training, visual monitoring, and reporting.

In December 2002, MMS submitted a request to NOAA-F for a Notice of Proposed Rulemaking
under Section 101(a)(5) of the Marine Mammal Protection Act. This request was pursued to authorize the
incidental taking of small numbers of sperm whales in the Gulf of Mexico as a result of seismic survey
activity. NOAA-F formally announced the request and solicited comments in March 2003*. In April
2003, MMS submitted a letter to NOAA-F updating its earlier petition, and requesting inclusion of new
information in the review, comment, and rulemaking approval process™.

All of these events have caused a continuing evolution of the MMS position on measures that
must or should be taken to prevent potential harm to sperm whales, and have rendered certain aspects of
the February 2002 Draft G&G PEA obsolete. Specifically, Alternative 1 as described in the Draft G&G
PEA is no longer the status quo. While the status quo continues to evolve, the format of the Final PEA
has been modified to support that evolution. Specifically, the alternatives outlined in this Final PEA have
been revised to reflect the current status quo (as of May 2004). Old and new alternative definitions are
outlined in Table A-1.



Table A-1
Comparison of Alternatives — Final versus Draft Programmatic Environmental Assessment (PEA)

Scope of Current Alternative (Final PEA)

Scope of Old Alternative (Draft PEA)

Alternative 1 — Continuation of the Status Quo. Specifically, geological
& geophysical (G&G) operators must adhere to the requirements of
Notice to Lessees (NTL) No. 2004-GO1 by utilizing ramp-up,
employing visual monitoring using trained observers, completing
reporting requirements, and having the option of initiating seismic
operations during nighttime and periods of limited visibility using
passive acoustic monitoring techniques. The purpose of these measures
is to establish and maintain a 500-m exclusion (or impact) zone around
the seismic array; this zone is to remain free of whales. When a whale
is located within (or approaching) the exclusion zone, the array is to be
shut down until the animal has cleared the zone. Resumption of survey
activities requires verification (via visual observers during daylight and
good visibility; or optionally during nighttime and/or poor visibility
using passive acoustic monitoring) that the exclusion zone is clear of
whales.

Alternative 2 — Addition of Vessel-based Passive Acoustic Monitoring
as a Requirement. This alternative includes the same requirements as
Alternative 1. In addition, all seismic operations must utilize passive
acoustic monitoring techniques prior to ramp-up in conjunction with
visual monitoring. The purpose of these measures is to establish and
maintain a 500-m exclusion (or impact) zone around the seismic array;
this zone is to remain free of marine mammals. When a whale is
located within (or approaching) the exclusion zone, the array is to be
shut down until the animal has cleared the zone. Resumption of survey
activities requires verification (via visual observers and passive acoustic
monitoring results) that the exclusion zone is clear of whales.

Alternative 1 — Continuation of the Status Quo. Under this alternative,
G&G operators may continue to operate in Gulf waters in the absence
of any mitigation measures to minimize or eliminate the potential for
acoustic impacts to marine mammals.

Alternative 2 — Implement Additional Mitigation Measures. Under this
alternative, all seismic surveys conducted 1) west of the 88" meridian
(88° W Long) at water depths >200 m would include ramp-up
procedures (i.e., where seismic sources are started at low levels and
increased in intensity until full strength is achieved), visual monitoring,
and/or passive acoustic monitoring; and 2) east of the 88" meridian
within Federal outer continental shelf (OCS) waters of the Gulf of
Mexico would include ramp-up procedures, visual monitoring, and/or
passive acoustic monitoring.
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Table A-1
Comparison of Alternatives — Final versus Draft Programmatic Environmental Assessment (PEA)
(Continued)

Scope of Current Alternative (Final PEA)

Scope of Old Alternative (Draft PEA)

Alternative 3 — Addition of Both Passive and Active Acoustic
Monitoring as a Requirement. This alternative includes the same
requirements as Alternative 1. In addition, all seismic operations must
utilize both passive acoustic monitoring and active acoustic monitoring
techniques prior to ramp-up in conjunction with visual monitoring. The
purpose of these measures is to establish and maintain a 500-m
exclusion (or impact) zone around the seismic array; this zone is to
remain free of marine mammals. When a whale is located within (or
approaching) the exclusion zone, the array is to be shut down until the
animal has cleared the zone. Resumption of survey activities requires
verification (via visual observers and passive acoustic monitoring
results) that the exclusion zone is clear of whales.

Alternative 4 — Restrict G&G Activities. This alternative includes the
same requirements as Alternative 1. In addition, G&G operators would
be precluded from conducting simultaneous seismic operations in those
portions of the Gulf of Mexico most frequented by sperm whales and
Bryde’s whales (i.e., water depths >200 m). The purpose of this
measure is to remove the potential for simultaneous exposure to seismic
noise from concurrent surveys in the same general area. Minimum
distance for concurrent seismic operations is 4.0 km, the approximate
dimension of an OCS lease block (i.e., concurrent seismic operations
cannot occur in adjacent blocks).

Alternative 3 — Implement a Suite of Mitigation Measures. Under this
alternative, the same depth and geographic restrictions noted under
Alternative 2 would apply — ramp-up procedures (only during daylight
hours), visual monitoring using trained marine mammal observers, and
allowance of continuous (day and night) seismic operations. However,
if a marine mammal is spotted within or immediately ahead of the
predetermined impact zone (i.e., isopleth of 180 dB re 1 pPa, rms)
surrounding the array, an immediate shut down of the array is required.
Subsequent restart of the array, using ramp-up and visual observers,
will only be allowed during daylight hours and following clearance of
the impact zone. Similar restrictions apply to airgun arrays shut down
for maintenance.

Alternative 4 — Restrict G&G Activities. Existing mitigation measures
(protective measures routinely specified in permit requirements and
lease stipulations) described previously for the Proposed Action would
also be included in this alternative; however, simultanecous survey
activity is prohibited within those portions of the Gulf of Mexico most
frequented by sperm whales and Bryde's whales.
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! Letter, R. H. Mattlin (MMC) to R. E. Defenbaugh (MMS), dated 26 April 2002, formally providing comments on
the Draft PEA; with attached paper by Swartz & Hofman.

Attachment to R. H. Mattlin letter dated 26 April 2002; copy of paper: Swartz, S. L. and R. J. Hofman. 1991.
Marine mammal and habitat monitoring: requirements, principles, needs, and approaches. Marine Mammal
Commission, Washington, D.C. 18 pp.

3 Letter, D. R. Knowles (NMFS) to R. E. Defenbaugh (MMS), dated June 21, 2002, formally transmitting Office of
Protected Resources review of the final draft PEA regarding G&G exploration operations in the Gulf of Mexico.

* National Marine Fisheries Service (NOAA Fisheries) Southeast Regional Office. July 11, 2002. Endangered
Species Act — Section 7 Consultation Biological Opinion for Gulf of Mexico Outer Continental Shelf Lease Sale
184. 80 pp.

> MMS Final Sale Notice Package, OCS oil and gas lease sale 184, Western Gulf of Mexico, August 21, 2002,
New Orleans, LA. See “Information to Lessees” section; page 11, “Lease stipulation for protected species...”
(see: http://www.gomr.mms.gov/homepg/Isesale/184stipf.pdf)

® MMS Notice to Lessees and Operators (NTL) No. 2002-G07, dated August 22, 2002; titled “Implementation of
seismic survey mitigation measures.” (see: http://www.gomr.mms.gov/homepg/regulate/regs/ntls/ntl02-g07.html)

Letter, G. C. Gill IAGC) to J. Burton, dated August 2, 2002, captioned “Regulation of geophysical operations for
the protection of marine mammals.”

¥ Letter, G. C. Gill (IAGC) to W. S. Hogarth, dated August 2, 2002, captioned “NOAA Fisheries Biological
Opinion/ MMS OCS Lease Sale 184.”

? Attachment to G. C. Gill (IAGC) letters dated August 2, 2002; titled “IAGC comments on the NOAA Fisheries
Biological Opinion for OCS Lease Sale 184.”

12 Attachment to G. C. Gill (IAGC) letters dated August 2, 2002; titled “Airgun arrays and marine mammals.”

" E-mailed letter, G. C. Gill (IAGC) to MMS dated September 19, 2002; captioned “IAGC comments on a Draft
Programmatic EA on G&G Exploration in the Gulf of Mexico.”

12 E-mailed letter, D. Quinn (Baker Atlas) to MMS dated September 19, 2002; responding to the draft G&G PEA
with comments on the regulations with respect to borehole seismic surveys.

" Letter, K. Harb (National Ocean Industries Association) to MMS dated September 19, 2002; captioned “Draft
programmatic environmental assessment on geological and geophysical exploration in the Gulf of Mexico outer
continental shelf.”

' E-mailed comments, C. Sarthou (Gulf Restoration Network) to MMS dated September 19, 2002, headed
“Comments submitted by the Gulf Restoration Network on the MMS’ G&G ... PDEA.”

Letter, L. F. Griffin (Florida Department of Environmental Protection) to R. Defenbaugh (MMS) dated
December 2, 2002, captioned “Draft programmatic environmental assessment — geological & geophysical
exploration for mineral resources on the Gulf of Mexico outer continental shelf.”

'® E-mail message, R. Dykstra to MMS dated September 5, 2002, subject “Programmatic EA of G&G on the Gulf of
Mexico’s OCS.”

" NOAA Fisheries, Southeast Regional Office. Undated draft (ca. September 2002). Endangered Species Act —
Section 7 Consultation Biological Opinion for Gulf of Mexico Outer Continental Shelf Lease Multi-sale (185,
187, 190, 192, 194, 196, 198, 200, 201). 107 pp.
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" NOAA Fisheries, Southeast Regional Office. November 29, 2002. Endangered Species Act — Section 7
Consultation Biological Opinion for Gulf of Mexico Outer Continental Shelf Multi-Lease Sale (185, 187, 190,
192, 194, 196, 198, 200, 201). Consultation No. F/SER/2002/00718. 146 pp.

 MMS Addendum 1 to Notice to Lessees and Operators (NTL) No. 2002-G07, dated October 15, 2002; titled
“Implementation of seismic survey mitigation measures.” (see: http:www.gomr.mms.gov/homepg/regulate/regs/
ntls/ntl02-g07add1.html)

2 A copy of NTL No. 2004-G01 follows as an attachment.

2 NOAA-F Federal Register notice — Taking and Importing Marine Mammals; Taking Marine Mammals Incidental
to Conducting Oil and Gas Exploration Activities in the Gulf of Mexico. Federal Register, Vol. 68, No. 41,
Monday, March 3, 2003, pp. 9991-9996.

2 Letter, Thomas A. Readinger, Associate Director of Offshore Minerals Management, MMS, Washington, D.C.
to Chief, Marine Mammal Conservation Division, NOAA-F, dated 15 April 2003, with enclosure.
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UNITED STATES DEPARTMENT OF THE INTERIOR
MINERALS MANAGEMENT SERVICE

Effective Date: March 1, 2004

NOTICE TO LESSEES AND OPERATORS OF FEDERAL OIL, GAS, AND
SULPHUR LEASES IN THE OUTER CONTINENTAL SHELF,
GULF OF MEXICO OCS REGION
Implementation of Seismic Survey Mitigation Measures and
Protected Species Observer Program

NTL No. 2004-GO1

The Minerals Management Service (MMS) issued NTL No. 2003-G08, effective June 5, 2003,
pursuant to 30 CFR 250.103, to explain how you implement seismic survey mitigation
measures, including special ramp-up procedures and protected species observation and
reporting. That NTL applied to all seismic operations throughout the Gulf of Mexico OCS in
waters greater than 200 m (656 ft) in depth. The measures contained therein apply to all
on-lease seismic surveys you conduct under 30 CFR 250.201 and all off-lease seismic surveys
you conduct under 30 CFR 251.

This NTL supersedes and replaces NTL No. 2003-G08. It does not introduce any new types of
mitigation measures; however, the previous restrictions adopted in NTL No. 2003-G08
specifically to protect sperm whales now will be applied to all whales (as defined herein), some
of which may be encountered in water depths less than 200 m in certain areas of the Gulf of
Mexico. All marine mammals, including dolphins (as defined herein), and sea turtles continue to
be protected effectively by implementing existing seismic survey mitigation measures requiring
ramp-up, protected species observer training, visual monitoring and reporting. This NTL also
updates the Paperwork Reduction Act language to reflect the Office of Management and
Budget’s approval of the information collection hourly burdens and assignment of a new
approval expiration date.

Background

The use of an airgun or airgun arrays while conducting seismic operations may have an impact
on marine wildlife, including marine mammals and sea turtles. Some marine mammals, such as
the sperm whale (Physeter macrocephalus), and all sea turtles that inhabit the Gulf of Mexico
are protected under the Endangered Species Act (ESA). All marine mammals are protected
under the Marine Mammal Protection Act (MMPA).

In July 2002, the MMS completed a formal Section 7 consultation under the ESA with the
National Oceanic and Atmospheric Administration Fisheries Service (NOAA Fisheries) on Lease
Sale 184 activities. The NOAA Fisheries issued a Biological Opinion (BiO) for Gulf of Mexico
(GOM) Outer Continental Shelf (OCS) Lease Sale 184 requiring seismic operators to use
ramp-up and visual observation procedures for seismic surveys in water depths equal to or
greater than 200 meters (656 feet). Ramp-up procedures are already in use on seismic vessels
in the GOM. The MMS also conducted a formal Section 7 consultation for lease sales in the
Central and Western Gulf of Mexico Planning Areas included in the Five-Year Oil and Gas
Leasing Program for 2002-2007. NOAA Fisheries issued a Multi-Lease Sale BiO with
Conservation Recommendations to protect marine mammals and sea turtles during seismic
operations. In response, the MMS issued NTL No. 2003-G08, which emphasized protection of
sperm whales. However, additional whale species potentially may be impacted by seismic
operations. Therefore, the MMS is expanding application of the seismic survey mitigation
measures to include water depths less than 200 m in the Eastern Planning Area of the Gulf of
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Mexico and to prohibit ramp-up and to require shut-down when any whale is observed within the
exclusion zone.

Procedures for ramp-up, protected species observer training, visual monitoring and reporting
are described in detail in this NTL. Performance of these mitigation measures is a condition of
the approval of applications for geophysical permits. These mitigation measures apply to
geophysical activities conducted under lease terms, for all seismic survey operations conducted
in waters deeper than 200 meters (656 feet) throughout the GOM and, in the Eastern Planning
Area of the GOM, for all seismic survey operations conducted regardless of water depth. You
must demonstrate your compliance with these mitigation measures by submitting to MMS
certain reports detailed in this NTL.

Definitions

Terms used in this NTL have the following meanings:

1. Airgun means a device that releases compressed air into the water column, creating an
acoustical energy pulse with the purpose of penetrating the seafloor.

2. Ramp-up means the gradual increase in emitted sound levels from an airgun array by
systematically turning on the full complement of an array’s airguns over a period of time.

3. Visual monitoring means the use of trained observers to scan the ocean surface visually
for the presence of marine mammals and sea turtles. These observers must have
successfully completed a visual observer training program as described below. The area
to be scanned visually includes, but is not limited to, the exclusion zone. Visual
monitoring of an exclusion zone and adjacent waters is intended to establish and, when
visual conditions allow, maintain a zone around the sound source and seismic vessel
that is clear of marine mammals and sea turtles, thereby reducing or eliminating the
potential for injury.

4. Exclusion zone means the area at and below the sea surface within a radius of 500
meters surrounding the center of an airgun array and the area within the immediate
vicinity of the survey vessel.

5. Whales means all marine mammals in the Gulf of Mexico except dolphins (see definition
below) and manatees. This includes all species of baleen whales (Suborder Mysticeti),
all species of beaked whales (Ziphius cavirostris and Mesoplodon sp.), sperm whales
(Physeter macrocepahalus), and pygmy and dwarf sperm whales (Kogia sp.). Of the
baleen whales, only the Bryde’s whale (Balaenoptera edeni) is expected to be present in
the northern Gulf of Mexico and is considered uncommon. This species has primarily
been sighted in water depths less than 200 m in the eastern Gulf of Mexico. Sightings of
other baleen whale species are highly unlikely.

6. Dolphins means all marine mammal species in the Family Delphinidae. In the GOM, this
includes, among others, killer whales, pilot whales, and all of the “dolphin” species.

Ramp-up Procedures

The intent of ramp-up is to warn marine mammals and sea turtles of pending seismic operations
and to allow sufficient time for those animals to leave the immediate vicinity. Under normal
conditions, animals sensitive to these activities are expected to move out of the area. For all
seismic surveys, use the ramp-up procedures described below to allow whales, other marine
mammals, and sea turtles to depart the exclusion zone before seismic surveying begins.
Measures to conduct ramp-up procedures during all seismic survey operations are as follows:

1. Visually monitor the exclusion zone and adjacent waters for the absence of whales for at

least 30 minutes before initiating ramp-up procedures. If no whales are detected, you
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may initiate ramp-up procedures. Do not initiate ramp-up procedures at night or when
you cannot visually monitor the exclusion zone for whales if your minimum source level
drops below 160 dB re 1 yPa-m (rms) (see measure 5).

2. Initiate ramp-up procedures by firing a single airgun. The preferred airgun to begin with
should be the smallest airgun, in terms of energy output (dB) and volume (in®).

3. Continue ramp-up by gradually activating additional airguns over a period of at least
20 minutes, but no longer than 40 minutes, until the desired operating level of the airgun
array is obtained.

4. Immediately shut down all airguns ceasing seismic operations at any time a whale is
detected entering or within the exclusion zone. You may recommence seismic
operations and ramp-up of airguns only when the exclusion zone has been visually
inspected for at least 30 minutes to ensure the absence of whales.

5. You may reduce the source level of the airgun array to maintain a minimum source level
of 160 dB re 1 yPa-m (rms) for routine activities, such as making a turn between line
transects, or for maintenance needs. This procedure may be conducted during periods
of impaired visibility (e.g., darkness, fog, high sea states) and does not require a
30-minute visual clearance of the exclusion zone before the airgun array is again
ramped up to full output.

Protected Species Observer Program
Visual Observers

Visual observers who have completed a protected species observer training program as
described below are required on all seismic vessels conducting operations in water depths
greater than 200 meters (656 ft) throughout the Gulf of Mexico as of August 31, 2003. Visual
observers are required on all seismic vessels conducting operations in OCS water depths less
than 200 meters (656 ft.) in the Eastern Planning Area of the Gulf of Mexico as of the effective
date of this NTL. At least two protected species visual observers will be required on watch
aboard seismic vessels at all times during daylight hours (dawn to dusk) when seismic
operations are being conducted, unless conditions (fog, rain, darkness) make sea surface
observations impossible. If conditions deteriorate during daylight hours such that the sea
surface observations are halted, visual observations must resume as soon as conditions permit.
Operators may engage trained third party observers, may utilize crew members after training as
observers, or may use a combination of both third party and crew observers. During these
observations, the following guidelines shall be followed: (1) other than brief alerts to bridge
personnel of maritime hazards, no additional duties may be assigned to the observer during
his/her visual observation watch (if conditions warrant more vigilant look-outs when navigating
around or near maritime hazards, additional personnel must be used to ensure that watching for
protected species remains the primary focus of the on-watch observers), (2) no observer will be
allowed more than 4 consecutive hours on watch as a visual observer, (3) a “break” time of no
less than 2 hours must be allowed before an observer begins another visual monitoring watch
rotation (break time means no assigned observational duties), and (4) no person (crew or third
party) on watch as a visual observer will be assigned a combined watch schedule of more than
12 hours in a 24-hour period. Due to the concentration and diligence required during visual
observation watches, operators who choose to use trained crew members in these positions are
encouraged to select only those crew members who demonstrate willingness as well as ability
to perform these duties.
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Training

All visual observers must have completed a protected species observer training course. The
MMS will not sanction particular trainers or training programs. However, basic training criteria
have been established and must be adhered to by any entity that offers observer training.
Operators may utilize observers trained by third parties, may send crew for training conducted
by third parties, or may develop their own training program. All training programs offering to
fulfill the observer training requirement must (1) furnish to the MMS, at the address listed in this
NTL, a course information packet that includes the name and qualifications (i.e., experience,
training completed, or educational background) of the instructor(s), the course outline or
syllabus, and course reference material; (2) furnish each trainee with a document stating
successful completion of the course; and (3) provide the MMS with names, affiliations, and
dates of course completion of trainees.

The training course must include the following elements:
I. Brief overview of the MMPA and the ESA as they relate to seismic acquisition and
protection of marine mammals and sea turtles in the Gulf of Mexico
Il. Brief overview of seismic acquisition operations in the Gulf of Mexico
lll. Overview of seismic mitigation measures (NTLs) and the protected species observer
program in the Gulf of Mexico
IV. Discussion of the role and responsibilities of the protected species observer in the Gulf
of Mexico, including:
Legal requirements (why you are here and what you do)
Professional behavior (code of conduct)
Integrity
Authority of protected species observer to call for shut-down of seismic
acquisition operations
e. Assigned duties
1. What can be asked of the observer
2. What cannot be asked of the observer
f. Reporting of violations and coercion
V. ldentification of Gulf of Mexico marine mammals and sea turtles, with emphasis on
whales
VI. Cues and search methods for locating marine mammals, especially whales, and sea
turtles.
VII. Data collection and reporting requirements:
a. Forms and reports to MMS via email protectedspecies@mms.gov on the 1st and
15th of each month
b. Whale in exclusion zone/shut-down report within 24 hours

apow

Visual Monitoring Methods

The observers on duty will look for whales, other marine mammals, and sea turtles using the
naked eye and hand-held binoculars provided by the seismic vessel operator. The observers
will stand watch in a suitable location that will not interfere with navigation or operation of the
vessel and that affords the observers an optimal view of the sea surface. The observers will
provide 360° coverage surrounding the seismic vessel and will adjust their positions
appropriately to ensure adequate coverage of the entire area. These observations must be
consistent, diligent, and free of distractions for the duration of the watch.
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Visual monitoring will begin no less than 30 minutes prior to the beginning of ramp-up and
continue until seismic operations cease or sighting conditions do not allow observation of the
sea surface (e.g., fog, rain, darkness). If a marine mammal (whale or dolphin) or sea turtle is
observed, the observer should note and monitor the position (including lat./long. of vessel and
relative bearing and estimated distance to the animal) until the animal dives or moves out of
visual range of the observer. Make sure you continue to observe for additional animals that may
surface in the area, as often there are numerous animals that may surface at varying time
intervals. At any time a whale is observed within an estimated 500 meters (1,640 feet) of the
sound source array (“exclusion zone”), whether due to the whale’s movement, the vessel's
movement, or because the whale surfaced inside the exclusion zone, the observer will call for
the immediate shut-down of the seismic operation and airgun firing (the vessel may continue on
its course but all airgun discharges must cease). The vessel operator must comply immediately
with such a call by an on-watch visual observer. Any disagreement or discussion should occur
only after shut-down. When no whales are sighted for at least a 30-minute period, ramp-up of
the source array may begin. Ramp-up cannot begin unless conditions allow the sea surface to
be visually inspected for whales for 30 minutes prior to commencement of ramp-up (unless the
method described in the section entitled “Experimental Passive Acoustic Monitoring” is used).
Thus, ramp-up cannot begin after dark or in conditions that prohibit visual inspection (fog, rain,
etc.) of the exclusion zone. Any shut-down due to a whale(s) sighting within the exclusion zone
must be followed by a 30-minute all-clear period and then a standard, full ramp-up. Any
shut-down for other reasons, including, but not limited to, mechanical or electronic failure,
resulting in the cessation of the sound source for a period greater than 20 minutes, must also be
followed by full ramp-up procedures. In recognition of occasional, short periods of the cessation
of airgun firing for a variety of reasons, periods of airgun silence not exceeding 20 minutes in
duration will not require ramp-up for the resumption of seismic operations if: (1) visual surveys
are continued diligently throughout the silent period (requiring daylight and reasonable sighting
conditions), and (2) no whales, other marine mammals, or sea turtles are observed in the
exclusion zone. If whales, other marine mammals, or sea turtles are observed in the exclusion
zone during the short silent period, resumption of seismic survey operations must be preceded
by ramp-up.

Reporting

The importance of accurate and complete reporting of the results of the mitigation measures
cannot be overstated. Only through diligent and careful reporting can the MMS, and
subsequently NOAA Fisheries, determine the need for and effectiveness of mitigation
measures. Information on observer effort and seismic operations are as important as animal
sighting and behavior data. In order to accommodate various vessels’ bridge practices and
preferences, vessel operators and observers may design data reporting forms in whatever
format they deem convenient and appropriate. Alternatively, observers or vessel operators may
adopt the United Kingdom’s Joint Nature Conservation Committee forms (available at their
website http://www.jncc.gov.uk/). At a minimum, the following items should be recorded and
included in reports to the MMS:

Observer Effort Report: Prepared for each day during which seismic acquisition operations are
conducted. Furnish an observer effort report to MMS on the 1st and the 15th of each month that
includes:

e Vessel name

o Observers’ names and affiliations

e Survey type (e.g., site, 3D, 4D)


http://www.jncc.gov.uk/
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MMS Permit Number (for “off-lease seismic surveys”) or OCS Lease Number (for
“on-lease seismic surveys”)

Date

Time and lat./long. when daily visual survey began

Time and lat./long. when daily visual survey ended

Average environmental conditions while on visual survey, including

- Wind speed and direction

- Sea state (glassy, slight, choppy, rough or Beaufort scale)
- Swell (low, medium, high or swell height in meters)

- Overall visibility (poor, moderate, good)

Survey Report: Prepared for each day during which seismic acquisition operations are
conducted and the airguns are being discharged. Furnish a survey report to MMS on the 1st
and the 15th of each month during which operations are being conducted that includes

Vessel name

Survey type (e.g., site, 3D, 4D)

MMS Permit Number (for “off-lease seismic surveys”) or OCS Lease Number (for
“on-lease seismic surveys”)

Date

Time pre-ramp-up survey begins

What marine mammals and sea turtles were seen during pre-ramp-up survey?
Time ramp-up begins

Were whales seen during ramp-up?

Time airgun array is operating at the desired intensity

What marine mammals and sea turtles were seen during survey?

If whales were seen, was any action taken (i.e., survey delayed, guns shut down)?
Reason that whales might not have been seen (e.g., swell, glare, fog)

Time airgun array stops firing

Sighting Report: Prepared for each sighting of a marine mammal (whale or dolphin) or sea
turtle made during seismic acquisition operations. Furnish a sighting report to MMS on the 1st
and the 15th of each month during which operations are being conducted that includes

Vessel name

Survey type (e.g., site, 3D, 4D)

MMS Permit Number (for “off-lease seismic surveys”) or OCS Lease Number (for
“on-lease seismic surveys”)

Date

Time

Watch status (Were you on watch or was this sighting made opportunistically by you or
someone else?)

Observer or person who made the sighting

Lat./long. of vessel

Bearing of vessel

Bearing and estimated range to animal(s) at first sighting

Water depth (meters)

Species (or identification to lowest possible taxonomic level)

Certainty of identification (sure, most likely, best guess)

Total number of animals
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o Number of juveniles

Description (as many distinguishing features as possible of each individual seen,
including length, shape, color and pattern, scars or marks, shape and size of dorsal fin,
shape of head, and blow characteristics)

Direction of animal’s travel — compass direction

Direction of animal’s travel — related to the vessel (drawing preferably)

Behavior (as explicit and detailed as possible; note any observed changes in behavior)
Activity of vessel

Airguns firing? (yes or no)

Closest distance (meters) to animals from center of airgun or airgun array (whether firing
or not)

Note: If this sighting was of a whale(s) within the exclusion zone that resulted in a
shut-down of the airguns, include in the sighting report the observed behavior of the whale(s)
before shut-down, the observed behavior following shut-down (specifically noting any change in
behavior), and the length of time between shut-down and subsequent ramp-up to resume the
seismic survey (note if seismic survey was not resumed as soon as possible following shut-
down). Send this report to MMS within 24 hours of the shut-down. These sightings should
also be included in the first regular semi-monthly report following the incident.

Additional information, important points, and comments are encouraged. All reports will be
submitted to MMS on the 1st and the 15th of each month (with one exception noted above).
Forms should be scanned (or data typed) and sent via email to protectedspecies@mms.gov.
Please note that these marine mammal and sea turtle reports are in addition to any reports you
submit under NTL No. 98-20, dated September 15, 1998, and NTL No. 2002-G01, effective
March 15, 2002, and reports required as a condition of your geophysical permit.

Borehole Seismic Surveys

Borehole seismic surveys differ from surface seismic surveys in a number of ways, including the
use of much smaller airgun arrays, having an average survey time of 12-24 hours, utilizing a
sound source that is not usually moving at 4-5 knots, and requiring the capability of moving the
receiver in the borehole between shots. Due to these differences, the following altered
mitigations apply only to borehole seismic surveys:

o During daylight hours, when visual observations of the exclusion zone are being
performed as required in this NTL, borehole seismic operations will not be required to
ramp-up for shutdowns of 30 minutes or less in duration, as long as no whales, other
marine mammals, or sea turtles are observed in the exclusion zone during the
shutdown. If a whale, other marine mammal, or sea turtle is sighted in the exclusion
zone, ramp-up is required and may begin only after visual surveys confirm that the
exclusion zone has been clear for 30 minutes.

o During nighttime or when conditions prohibit visual observation of the exclusion zone,
ramp-up will not be required for shutdowns of 20 minutes or less in duration. For
borehole seismic surveys that utilize passive acoustics during nighttime and periods of
poor visibility, ramp-up is not required for shutdowns of 30 minutes or less.

o Nighttime or poor visibility ramp-up is allowed only when passive acoustics are used to
ensure that no whales are present in the exclusion zone (as for all other seismic
surveys). Operators are strongly encouraged to acquire the survey in daylight hours
when possible.
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e Protected species observers must be used during daylight hours, as required in this
NTL, and may be stationed either on the source boat or on the associated drilling rig or
platform if a clear view of the sea surface in the exclusion zone and adjacent waters is
available.

o All other mitigations and provisions for seismic surveys as set forth in this NTL will apply
to borehole seismic surveys.

e Reports should reference OCS Lease Number, Area/Block and Borehole Number

Experimental Passive Acoustic Monitoring

Whales, especially sperm whales, are very vocal marine mammals, and periods of silence are
usually short and most often occur when these animals are at the surface and may be detected
using visual observers. However, sperm whales are at the greatest risk of potential injury from
seismic airguns when they are submerged and under the airgun array. Passive acoustic
monitoring appears to be very effective at detecting submerged and diving sperm whales, and
some other marine mammal species, when they are not detectable by visual observation. The
MMS strongly encourages operators to participate in an experimental program by including
passive acoustic monitoring as part of the protected species observer program. Inclusion of
passive acoustic monitoring does not relieve an operator of any of the mitigations (including
visual observations) in this NTL with the following exception: Monitoring for whales with a
passive acoustic array by an observer proficient in its use will allow ramp-up and the
subsequent start of a seismic survey during times of reduced visibility (darkness, fog, rain, etc.)
when such ramp-up otherwise would not be permitted using only visual observers. If you use
passive acoustic monitoring, include an assessment of the usefulness, effectiveness, and
problems encountered with the use of that method of marine mammal detection in the reports
described in this NTL. A description of the passive acoustic system, the software used, and the
monitoring plan should also be reported to MMS at the beginning of its use.

Paperwork Reduction Act of 1995 (PRA) Statement

The PRA (44 U.S.C. Chapter 35) requires us to inform you that we collect the information
described in this NTL to ensure that you conduct operations in a manner that will not jeopardize
threatened or endangered species or destroy or adversely modify critical habitat that has been
designated for those species. We protect all proprietary information submitted according to the
Freedom of Information Act and 30 CFR 250.196. An agency may not conduct or sponsor a
collection of information unless it displays a currently valid Office of Management and Budget
(OMB) control number. You are not obligated to respond until the OMB has approved this
collection of information. We estimate the hour burden to be 24 hours per day for visual marine
mammal observation, 8 hours for training each observer, 1 hour per marine mammal
observation report, %2 hour for each submittal of training materials and certifications, and 1 hour
for each voluntary submittal of experimental passive acoustic monitoring information. Direct
comments regarding the burden or any other aspect of this information collection to the
Information Collection Clearance Officer, Mail Stop 4230, Minerals Management Service, 1849
C Street, N.W., Washington, DC 20240.

In addition, this NTL refers to information collection requirements under 30 CFR 250, subpart B.
The OMB has approved all of the information collection requirements in these regulations and
assigned OMB control number 1010-0049.
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Contact

Any questions regarding this NTL should be submitted in writing to:
protectedspecies@mms.gov.

Submittals by mail may be directed to:

Minerals Management Service, Gulf of Mexico OCS Region, Attention: Environmental Sciences
Unit (MS 5430), 1201 EImwood Park Blvd., New Orleans, LA 70123-2394

Chris C. Oynes
Regional Director
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Implications of the Marine Mammal Protection Act on Geological
and Geophysical Survey Activities in the Gulf of Mexico

The purpose of this appendix is to outline applicable regulations (i.e., those parts of the U.S. Code
[31 USC 1361 et seq.] and Code of Federal Regulations [SO CFR 216 et seq.]) that pertain to protection of
marine mammals, and to discuss the implications of these regulations to geological and geophysical
(G&Q) activities in the Gulf of Mexico. Appropriate statutory or regulatory sections that are relevant to
the following topics are identified, followed by a concise “plain language” summary.

I. REVIEW OF PERTINENT REGULATIONS
A. PROHIBITIONS ON THE “TAKING” OF MARINE MAMMALS

The term “take” means to harass, hunt, capture, or kill, or attempt to harass, hunt, capture, or kill
any marine mammals. The Marine Mammal Protection Act (MMPA) (50 CFR 216.11) states that it is
unlawful for

1) Any person, vessel, or other conveyance under the jurisdiction of the United States to “take”
marine mammals on the high seas.

2) Any person, vessel, or other conveyance to “take” any marine mammal in water or on lands
under the jurisdiction of the United States, unless otherwise expressly provided for by an
international treaty, convention, or agreement to which the United States is a part before the
date of the MMPA.

3) Any person to use any port, harbor, or other place under the jurisdiction of the United States
to “take” or import marine mammals or marine mammal products or for any person to
possess a mammal or a product from a marine mammal that was “taken” in violation of the
MMPA.

Interested parties should also review 16 USC 1372 for regulations pertinent to a moratorium on
the taking of marine mammals and 16 USC 1373 for regulations on taking of marine mammals.

B. HARASSMENT DEFINITIONS

Under the 1994 amendments to the MMPA, Congress statutorily defined and divided the term
"harassment" into two levels. Levels of harassment include Level A and Level B (16 USC 1362,
50 CFR 216.3); establishment of two harassment levels was designed to enable the U.S. Fish and Wildlife
Service (USFWS) and the National Marine Fisheries Service (NMFS; also referred to as National Oceanic
and Atmospheric Administration, Fisheries [NOAA-F]) to implement a general authorization for marine
mammal research expected to result in nothing more than Level B harassment. Level A harassment
pertains to any act of pursuit, torment, or annoyance, which has the potential to injure a marine mammal
and/or group of marine mammals in the wild. Level B harassment has the potential to disturb (and not
injure) a marine mammal and/or group of marine mammals in the wild by causing disruption of
behavioral patterns, including, but not limited to, migration, breathing, nursing, breeding, feeding, or
sheltering. To date, NMFS is still in the developmental process of determining the criteria to clearly
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define acoustic “take.”” Points of discussion pertinent to auditory thresholds center on the nature of
sound and sound exposure (i.e., continuous, single pulse, single ping equivalent, repetitive), as well as
species-specific sensitivities and the relative importance of avoidance behavior (e.g., to the sustainability
of a marine mammal population).

C. AUTHORIZATIONS OF SMALL, INCIDENTAL TAKES, AND THE GENERAL
TERMS AND CONDITIONS OF SUCH AUTHORIZATIONS

Small take authorizations are issued for a specified activity (other than commercial fishing)
within a specific geographical region only in situations where the “takings” are of small numbers, the
“takings” have a negligible impact on the stocks of the marine mammals involved (including species that
are endangered or threatened; see Section I.D of this appendix for further details), and there is no
unmitigable impact on the availability of the affected species or stock for subsistence taking by Alaskan
Natives. There are two types of “small take” authorizations:

1) A Letter of Authorization, or LOA (16 USC 1371[a][5][A] and 50 CFR 216.106); and

2) An Incidental Harassment Authorization, or IHA (16 USC 1371[a][5][D] and
50 CFR 216.107).

An LOA involves the incidental, but not intentional taking of a small number of marine mammals
during a maximum period of 5 years, while an IHA involves the incidental, but not intentional taking by
harassment of a small number of marine mammals during a maximum period of 1 year.

If the applicant can show that there is no potential for serious injury (i.e., any injury that will
likely result in mortality), mortality, or behavioral disruptions that have non-negligible effects on growth,
longevity, or reproduction, or the potential for serious injury or mortality can be negated through
mitigation requirements that could be required under the authorization, an IHA is required. However, if
these two stipulations cannot be met, the applicant requires an LOA.

D. APPLICATION AND APPROVAL PROCESSES FOR AUTHORIZATIONS

Upon determining the type of authorization required, the applicant must submit a written request
to the NMFS Office of Protected Resources and the appropriate NMFS Regional Office (i.e., the
appropriate region where the specified activity is planned). The request must include items 1) through
14) (see the following discussion in Section IL.I of this appendix for details) before being considered by
NMES. However, incomplete applications and applications that do not contain or refer to the necessary
National Environmental Policy Act (NEPA) documentation (if applicable) will be returned to the
applicant with an explanation.

When an application for a small take authorization is received, a summary of the application is
published in the Federal Register, newspapers of general circulation, and appropriate electronic media in
the coastal areas that may be affected by the specified activity. NMFS then invites any interested party
(within 30 days following the publication of the summary) to submit their written data or views on the

! Recent Final Rules that address acoustic criteria include take of marine mammals incidental to 1) naval activities
(i.e., shock testing; see NMFS, 2001b and Department of the Navy, 2001); 2) operation of a low frequency sound
source by the North Pacific Acoustic Laboratory (acoustic thermometry of ocean climate [ATOC]; see NMFS,
2001c and associated documents); and operation of seismic sources in the northern Gulf of Mexico for research
purposes (see NOAA-F, 2003 and associated documents).
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“taking” proposed in the application. All information and suggestions will be considered by NMFS in
developing the most effective regulations governing the issuance of an LOA or conditions governing the
issuance of an IHA.

The Assistant Administrator shall then evaluate each request to determine, based on the best
scientific data available, whether the taking by the specified activity within the specified geographic
region will have a negligible impact on the species or stock and will not have an unmitigable adverse
impact on the availability of such species or stock for subsistence uses by Alaskan Natives. If the
Assistant Administrator finds that the mitigating measures would successfully negate the impacts of the
specified activity, a finding of negligible impact will be made. Any such preliminary findings shall be
proposed for public comment along with either the proposed IHA or LOA or the proposed regulations for
the specified activity.

If, following the public review period, the Assistant Administrator finds that the taking by the
specified activity would have more than a negligible impact on the species or stock or would have an
unmitigable adverse impact on the availability of such species or stock for subsistence uses, the Assistant
Administrator will publish the negative finding in the Federal Register along with the basis for denying
the request.

For all petitions for regulations governing the taking of marine mammals, applicants must provide
the information requested in 50 CFR 216.104 on their activity as a whole, which includes, but is not
necessarily limited to, an assessment of total impacts by all persons conducting the activity. For allowed
activities that may result in incidental takings of small numbers of marine mammals by harassment,
serious injury, death, or a combination thereof, specific regulations will be established for each allowed
activity that set forth the following:

1) The permissible methods of taking.

2) The means of effecting the least practicable adverse impact on the species and its habitat and
on the availability of the species for subsistence uses.

3) The requirements for monitoring and reporting, including requirements for the independent
peer-review of proposed monitoring plans where the proposed activity may affect the
availability of a species or stock for taking for subsistence uses.

Regulations will be established based on the best available information. As new information is
developed, through monitoring, reporting, or research, the regulations may be modified, in whole or in
part, after notice and opportunity for public review.

E. CONDITIONS GOVERNING AUTHORIZATIONS

As stated in Section I.C of this appendix, LOAs may be issued for periods up to 5 years, while
IHAs may be issued for no more than one year; both an LOA and an IHA are renewable. An LOA can be
withdrawn or suspended, either on an individual or class basis, as appropriate, if, after notice and
opportunity for public comment, the Assistant Administrator determines (50 CFR 216.106) that

1) The regulations prescribed are not being substantially complied with; or

2) The taking allowed is having, or may have, more than a negligible impact on the species or
stock; or
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3) The taking allowed is having, or may have, an unmitigable adverse impact on the availability
of the species or stock for subsistence uses.

An THA can be modified, withdrawn, or suspended if, after notice and opportunity for public
comment, the Assistant Administrator determines (50 CFR 216.107) that

1) The conditions and regulations prescribed in an authorization are not being substantially
complied with; or

2) The authorized taking, either individually or in combination with other authorizations, is
having, or may have, more than a negligible impact on the species or stock; or

3) The authorized taking, either individually or in combination with other authorizations, is
having, or may have, an unmitigable adverse impact on the availability of the species or stock
for subsistence uses.

If the “takings” have more than a negligible impact on the species or stocks of the marine
mammals involved, then a waiver of the MMPA’s moratorium on the taking of marine mammals may be
issued, per 16 USC 1371(a)(3) and 16 USC 1373. The Secretary, on the basis of the best scientific
evidence available and in consultation with the Marine Mammal Commission, is authorized and directed
to waive the requirements of the MMPA provided that

1) The Secretary is assured that the taking is in accord with sound principles of resource
protection and conservation as provided in the purposes and policies of the MMPA.

2) No marine mammal or no marine mammal product may be imported into the United States
unless the Secretary certifies that the program for taking in the country of origin is consistent
with the provisions and policies of the MMPA.

A waiver will not be issued for the taking of any marine mammal that has been designated by the
Secretary as depleted, and no importation may be made of any such mammal, except for scientific
research purposes, photography for educational or commercial purposes, or enhancing the survival or
recovery of a species or stock as provided for in an LOA or [HA.

All of the requirements for a waiver are found in Section 16 USC 1371(a)(3) and 16 USC 1373.
In order to waive the moratorium, the Secretary must prescribe limiting regulations with respect to the
taking and importing of marine mammals as he deems necessary and appropriate to ensure that such
taking will not be to the disadvantage of those species and population stocks, and will be consistent with
the purposes and policies set forth in the MMPA. In prescribing such regulations, the Secretary shall give
full consideration to all factors that may affect the extent to which marine mammals may be taken or
imported, including but not limited to the effect of such regulations on

1) Existing and future levels of marine mammal species and population stock.

2) Existing international treaty and agreement obligations of the United States.

3) The marine ecosystem and related environmental considerations.

4) The conservation, development, and utilization of fishery resources.

5) The economic and technological feasibility of implementation.
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The prescribed regulations may include, but are not limited to, restrictions with respect to

1) The number of marine mammals that may be taken or imported in any calendar year
according to permits that authorize the taking or importation of marine mammals.

2) The age, size, or sex (or any combination thereof) of marine mammals that may be taken or
imported.

3) The season or other period of time within which marine mammals may be taken or imported.
4) The manner and locations in which marine mammals may be taken or imported.

5) Fishing techniques that have been found to cause undue fatalities to any species of marine
mammal in a fishery.

Regulations prescribed with respect to any species or stock of marine mammals must be made on
the record after opportunity for an agency hearing on both the Secretary’s determination to waive the
moratorium pursuant to Section 103 of 16 USC 1373 and on any prescribed regulations. The Secretary
shall also publish and make available to the public either before or in conjunction with the publication of
notice in the Federal Register of his intention to prescribe regulations under Section 103 of 16 USC 1373
the following information:

1) A statement of the estimated existing levels of the species and population stocks of the
marine mammal concerned.

2) A statement of the expected impact of the proposed regulations on the optimum sustainable
population of such species or population stock.

3) A statement describing the evidence before the Secretary upon which he proposes to base
such regulations.

4) Any studies made by or for the Secretary or any recommendations made by or for the
Secretary or the Marine Mammal Commission that relate to the establishment of such
regulations.

Any regulation prescribed according to Section 103 of 16 USC 1373 will be periodically
reviewed, and may be modified from time to time in such manner as the Secretary deems consistent with
and necessary to carry out the purposes of the MMPA. Every 12 months after the effective date of the
MMPA (21 June 1973), the Secretary shall report to the public through publication in the Federal Register
and to the Congress on the current status of all marine mammal species and population stocks subject to
the provisions of the MMPA. The report will describe any actions taken and any measures believed
necessary, including where appropriate, the issuance of permits pursuant to 16 USC 1373 to assure the
well-being of the marine mammals subject to the provisions of the MMPA.

F. OTHER CONSIDERATIONS
Generally, LOAs apply to a specific activity and can be issued to different holders, giving them

authorization to take marine mammals incidental to the activity. IHAs are issued to a specific entity
(usually the principal participant in the specific activity).
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G PENALTIES

Violation of the MMPA, or any permit or regulation issued under it, is subject to a civil penalty of
up to $10,000 per violation. Each unlawful “taking” or importation is a separate offense. Knowing
violation of the MMPA, or any permit or regulation issued under it, is subject to a criminal penalty of up
to $20,000 per violation and/or imprisonment for a maximum of 1 year (16 USC 1375, 50 CFR 216.40).
Any vessel subject to U.S. jurisdiction used in the unlawful taking of a marine mammal is subject to
seizure and forfeiture of its cargo (or the monetary value thereof) and liable for a civil penalty of up to
$25,000 (16 USC 1376).

H. TIMELINES

Simplified flow charts, with approximate timelines, are provided in Figures B-1
(50 CFR 216.106) and B-2 (50 CFR 216.107). These two figures reflect the various processes and typical
time requirements involved in securing an LOA or [HA, respectively. Interested readers are also directed
to 50 CFR 216.104.

I OVERVIEW

Each request for an IHA or an LOA must include the following 14 items before being considered
by NMFS (16 USC 1374[b], 50 CFR 216.104):

1) A detailed description of the specific activity or class of activities that can be expected to
result in incidental “taking” of marine mammals.

2) The date(s) and duration of such activity and the specific geographical region where it will
occur.

3) The species and numbers of marine mammals likely to be found within the specific
geographical region.

4) A description of the status, distribution, and seasonal distribution of the affected species or
stock of marine mammals likely to be affected by the specified activity.

5) The type of incidental “taking” authorization that is being requested (e.g., “takes” by
harassment only; “takes” by harassment, injury and/or death) and the method of incidental
“taking.”

6) A list, categorized by species, that includes the number, age, sex, and reproductive condition
of marine mammals that may be “taken” by each type of “taking” identified in 5), above, and
the number of times such “takings” by each type are likely to occur.

7) The anticipated impact of the activity upon the species or stock of marine mammals.

8) The anticipated impact of the activity on the availability of the species or stocks of marine
mammals for subsistence uses (e.g., “taken” by Alaskan Natives for food, clothing, etc.).

9) The anticipated impact of the activity upon the habitat of the marine mammal populations,
and the likelihood of restoration of the affected habitat.
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Receipt and Initial Review of the

Application by National Marine
Fisheries Service (NMFS).

. Publication of proposed
authorization in the Federal
Register, newspapers of general
circulation, and electronic media
in the coastal areas that may be
affected by such activity.

. Public review and comment
period.

. Promulgation of regulations

setting forth permissible
methods of taking, requirements
for monitoring and reporting,
and finding that the taking will
have negligible effects on the
affected species or stocks.

. Final action by NMFS after

consideration of comments and
recommendations by the public.

. Publication of issuance or denial

of LOA in Federal Register.
(within 30 days of determination)

The total review time for an LOA depends on many factors, including the completeness of the information provided by the applicant,
any special requirements that must be satisfied before the application can be processed, and the efficiency of the agencies. Overall,

the process may take from 6 - 12 months.

2000).

Figure B-1. Permit application review timeline for a Letter of Authorization (LOA) (Adapted from: Marine Mammal Commission,
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1. Receipt and Initial Review of the Application by
National Marine Fisheries Service (NMFS)

2. Publication of proposed authorization in the 3. Final action by the NMFS after consideration of
F.edera! Register, newspapers .of_general comments and recommendations by the public.
circulation, and electronic media in the coastal (within 45 days of end of comment period)
areas that may be affected by such activity. (no

later than 45 days after receipt of application)

: . , a. Publication of issuance or denial of
a. Public review and comment period. . .
IHA in Federal Register.
(30 days)

(within 30 days of determination)

The total review time for an IHA depends on many factors, including the completeness of the information provided by the
applicant and any special requirements that must be satisfied before the application can be processed; however, since taking is
by harassment only, the authorization process has been shortened. Overall, the process may take from 2 - 6 months.

Figure B-2. Permit application review timeline for an Incidental Harassment Authorization (IHA) (Adapted from: Marine Mammal
Commission, 2000).
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10) The anticipated impact of the loss or modification of the habitat on the marine mammal
populations involved.

11) The economic and technological availability and feasibility of equipment, methods, and
manner of conducting such activity or other means of effecting the least practicable adverse
impact upon the affected species or stocks, their habitat, and on their availability for
subsistence uses, paying particular attention to rookeries, mating grounds, and areas of
similar significance.

12) Where the proposed activity would take place in or near a traditional arctic subsistence
hunting area and/or may affect the availability of a species or stock of marine mammal for
arctic subsistence uses, the applicant must submit either a plan of cooperation or information
that identifies what measures have been taken and/or will be taken to minimize any adverse
effects on the availability of marine mammals for subsistence uses. A plan of cooperation
includes

a) A statement that the applicant has notified and provided the affected subsistence
community with a draft plan of cooperation.

b) A schedule for meeting with the affected subsistence communities to discuss proposed
activities and to resolve potential conflicts regarding any aspects of either the operation
or the plan of cooperation.

¢) A description of what measures the applicant has taken and/or will take to ensure that
proposed activities will not interfere with the affected communities, both prior to and
while conducting the activity, to resolve conflicts and to notify the communities of any
changes in the operation.

13) The suggested means of accomplishing the necessary monitoring and reporting that will
result in increased knowledge of the species, the level of taking or impacts on populations of
marine mammals that are expected to be present while conducting activities, and suggested
means of minimizing burdens by coordinating such reporting requirements with other
schemes already applicable to persons conducting such activity. Monitoring plans should
include a description of the survey techniques that would be used to determine the movement
and activity of marine mammals near the activity site(s), including migration and other
habitat uses, such as feeding. Guidelines for developing a site-specific monitoring plan may
be obtained by writing to the Director, Office of Protected Resources.

14) Suggested means of learning of, encouraging, and coordinating research opportunities, plans,
and activities relating to reducing such incidental “taking” and evaluating its effects.

II. ENDANGERED SPECIES ACT CONSTRAINTS

Any taking of marine mammals listed as threatened or endangered under the Endangered Species
Act (ESA) must be authorized under both the ESA and the MMPA. The ESA takes are authorized by
either an Incidental Take Statement (ITS) under Section 7 (for Federal agency actions) or a Section 10
permit (for private citizens).

Section 7 of the ESA requires a Federal authorizing or action agency to consult with NMFS on
any actions that might affect endangered or threatened species. If the agency or NMFS determines an
action is likely to adversely affect a species, formal consultation is required. In such a situation, NMFS
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prepares a Biological Opinion (BO), which assesses whether the action is likely to jeopardize the
existence of the species. The BO may include binding and/or discretionary recommendations to reduce
impact. An ITS is attached to the BO as an appendix, and it is this statement that allows the incidental
“take.” An ITS cannot be authorized for a listed marine mammal until the MMPA authorization is
completed.

A private citizen or State action not involving a Federal agency that would result in the incidental
“taking” of an endangered or threatened species must be authorized under Section 10 of the ESA. In this
situation, the applicant is required to develop a Conservation Plan that describes the action, evaluates the
effect of the “take,” and establishes the level of “take.” The Federal action of NMFS issuing a permit
under Section 10 is considered an action that itself requires Section 7 consultation. Also, an MMPA
authorization is a Federal action requiring Section 7 consultation. As a result, normally NMFS waives a
requirement for Section 10 if an authorization for a marine mammal is being requested, and that request
includes marine mammal species listed under the ESA.

III. NMFS AND ACOUSTIC TAKE

In 1995, NMFS formed an agency acoustic team as a direct result of the increasing numbers of
requests for authorizations to “take” marine mammals from activities that produced sound. By 1998, the
NMEFS Office of Protected Resources added a person to the acoustics team to attend to pragmatic matters
and to convene a workshop to gather information for new acoustic criteria in order to define “takes” from
acoustic sources.

The Acoustics Program workshop was organized in order to complete the following tasks:
1) Draft acoustic criteria to clearly define acoustic “takes” under the MMPA.
2) Construct a network for monitoring ocean noise on a global basis.

3) Provide contact with other agencies, industry, professional societies, environmental
non-governmental organizations (NGOs), and news media on acoustic matters.

4) Outline research that is needed to improve guidelines or regulations on acoustics.
5) Obtain additional funding for all aspects of the acoustics program, including research.

The workshop consisted of 10 acoustic experts who met for two and a half days to answer
specific questions posed to them by the NMFS acoustics team. In addition, the general public was invited
to attend and to also address the panel. The acoustic criteria are presently being drafted based on the
workshop results and other information from the field of animal acoustics. At present, 16 USC 1371
Sections 101 (a)(5)(A) and (a)(5)(D) involving small take authorizations in a specified activity are the
only citations that currently deal with this topic. Interested parties are also directed to the NMFS website
(i.e., see http://www.nmfs.noaa.gov/prot_res/PR2/ Acoustics Program/acoustics.html) for additional
information.

A G&G operator would require an authorization for a “take” in any situation that involves
harassing, hunting, capturing, or killing, or attempting to harass, hunt, capture, or kill any marine
mammals. An authorization is also needed if any of the following occurs:


http://www.nmfs.noaa.gov/prot_res/PR2/
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1) The collection of dead animals or their parts.
2) The restraint or retention of a marine mammal, no matter how temporary.
3) The tagging of a marine mammal.

4) The negligent or intentional operation of an aircraft or vessel, or of the doing of any other
negligent or intentional act that results in the disturbing or molesting of a marine mammal.

Additional situations include any act of pursuit, torment, or annoyance that has the potential to
injure a marine mammal and/or group of marine mammals in the wild, as well as harassment that has the
potential to disturb (and not injure) a marine mammal and/or group of marine mammals in the wild by
causing disruption of behavioral patterns, including, but not limited to, migration, breathing, nursing,
breeding, feeding, or sheltering. Activities with potential to harass by noise include seismic airguns, ship
and aircraft noise, high energy sonars, and explosives detonations.

IV.  PRELIMINARY FINDINGS RELATIVE TO MMPA VIOLATIONS

Significance criteria for marine mammals reflect their protected status under Federal law. One of
the considerations in determining significance under NEPA is “whether the action threatens a violation of
Federal, State, or local law or requirements imposed for the protection of the environment”
(40 CFR 1508.27).

The ESA, as amended, prohibits jeopardizing endangered and threatened species or adversely
modifying critical habitats essential to their survival. Section 7 of the Act requires consultation with
NMES and/or USFWS if the applicant has reason to believe that an endangered or threatened species may
be present in the area affected by a proposed Federal action, and that implementation of the Proposed
Action will likely affect such species.

As noted in Section II1.B.2 - Impacts of Routine Activities - Alternative 1 (Proposed Action)
of the Programmatic Environmental Assessment (PEA), the Proposed Action (Alternative 1) is not likely
to result in deaths or mortal injuries of any listed marine mammals and therefore would not jeopardize the
existence of any endangered species. However, it “may affect” a listed species (i.e., the sperm whale)
through potential auditory impairment and/or behavioral disturbance as discussed below.

While the Proposed Action (Alternative 1) is not likely to result in deaths or mortal injuries of
marine mammals in violation of the MMPA, the situation regarding harassment is not as clear. In
practice, the NMFS has limited consideration of harassment to injury or behavioral changes of sufficient
magnitude to have meaningful biological effects on the population, such as disrupting migrations.
Examples are provided by several incidental take permits issued for seismic surveys in arctic waters, most
recently for small take of marine mammals incidental to shallow water hazard activities in the Alaskan
Beaufort Sea and seismic research operations in the U.S. Gulf of Mexico (NMFS, 2001a; NOAA-F,
2003). NMFS has also cited temporary threshold shift (TTS) as an example of an impact that could be
considered harassment (60 FR 28379, May 31, 1995) and accepted the use of TTS as a harassment
criterion in its Final Rule for the Seawolf (63 FR 66069, 1 December 1998) and Winston S. Churchill
shock tests (66 FR 22450, 4 May 2001). A summary of the 160- and 180-dB “take” criteria is outlined in
Table B-1.

While the use of a 180-dB (re 1 pPa-m [rms]) criterion for TTS for an impulse noise is the
currently accepted level, it should be emphasized that there is a potential for behavioral effects from
seismic noise at levels below 180 dB. Per the NMFS comments offered during Final G&G PEA



Table B-1

Summary of Take and Non-Take Criteria Relative to the 160- and 180-dB re 1 pPa Sound Exposure Levels

Level and Criterion

Source(s)

Level A Take - 180 dB re 1 pPa
intermittent/continuous underwater sound

Level B Take - 182 dB re 1 yPa and 12 psi
- impulse sounds (underwater explosions)

March 2001: Federal Register 66:15375-15394. National Marine Fisheries Service (NMFS)
Proposed Rule (Subpart Q) to allow small takes of marine mammals incidental to Surveillance
Towed-Array Sensor System/Low Frequency Active Sonar (SURTASS/LFAS). Establishes 180 dB
re 1 pPa as the take threshold for this activity.

August 2001: Federal Register 66:43442-43459. NMFS Final Rule (Subpart P) to allow small takes
of marine mammals incidental to the acoustic thermometry of ocean climate (ATOC) project.
Addresses acoustic energy impacts to marine mammals (see page 43447 for discussion of the
180-dB re 1 pPa criterion). Also, confirms the concept of some behavioral disruptions as being
below a level that constitutes an incidental take (p. 43444).

July 2002: NMFS published the SURTASS/LFAS Final Rule in Federal Register 67:46712-46789;
16 July 2002.

May 2003: Federal Register 68:32460-32464. NMFS Draft Rule to allow small takes of marine
mammals incidental to the seismic research activities of the R/V Maurice Ewing, operated by
Lamont-Doherty Earth Observatory (LDEO); proposed operations slated for May-June 2003 in the
northern Gulf of Mexico. Addresses acoustic energy impacts to marine mammals. LDEO proposed
several airgun arrays (2-, 6-, 10-, 12-, and 20-airgun arrays). Approach: 1.5 times the 180-dB re
1 pPa radii predicted by modeling as the safety radii for cetaceans, or 75 and 1,425 m, respectively,
for the 2 generator-injector (GI) guns and 20-airgun arrays.

February 2001: Final EIS for Shock Trial of the Winston S. Churchill. Navy EIS (Navy = lead
agency; NMFS = cooperating agency). Provides a good discussion of acoustics issues, and
establishes the dual criteria of 182 dB and/or 12 psi. See FEIS Appendix E for the detailed technical
discussion.

May 2001: Federal Register 66:22450-22467. NMFS Final Rule to allow small takes incidental to
the Winston S. Churchill ship shock trials. These criteria are discussed throughout the
comments/responses portion of the notice, but are formally established on p. 22464. A limitation of
the 182-dB re 1 pPa criterion relative to seismic airguns is noted (see Federal Register
66:22450-22467, NMFS response to comment 13).
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Table B-1

Summary of Take and Non-Take Criteria Relative to the 160- and 180-dB re 1 pPa Sound Exposure Levels

(Continued)

Level and Criterion

Source(s)

Level B Take - 160 dB re 1 uPa—
intermittent/continuous underwater sound

Non-Take Levels

July 2002: The Surveillance Towed-Array Sensor System Low Frequency Active (SURTASS LFA)
Biological Opinion, and EIS (and incorporated in the rule making; see Federal Register
67:46712-46789; 16 July 2002) go into some detail about behavioral response at 160 dB re 1 pPa as
well as the National Research Council’s Low Frequency Sound and Marine Mammals. SURTASS
LFA “Low Frequency Sound Scientific Research Program” controlled exposure experiments on
blue, fin, gray, and humpback whales detected behavioral responses at estimated received levels
between 120 to 155 dB re 1 uPa. Their acoustic modeling risk determination indicated that there
was a 50% risk of behavioral response between 155 and 165 dB re 1 uPa. Prior to that, essentially
research by Malme et al., 1983, 1984, 1988; Richardson et al., 1986, 1999; Richardson and Malme
1993; Dalheim and Ljungblad, 1990, indicates that the broad band levels of low-frequency sounds
causing avoidance by about 50% of gray and bowhead whales in the areas of observation occurred
when the received levels were around 115 to 120 dBre 1 pPa (water standard) for continuous
sounds and about 160 to 170 dB re 1 pPa for the pulsed sounds. These received levels are overall
levels, and the sources produced energy over a few octaves. Finally, the expert panel at the High
Energy Seismic Survey (HESS) Workshop concluded that behavioral responses by marine mammals
to seismic sounds would most likely occur at received levels above 140 dB re 1 re 1 pPa (rms).
Throughout the discussions, there was continual reference to 190, 180, and 160 dB re 1 pPa, which
represent Level A (pinnipeds), Level A (cetaceans), and Level B (cetaceans), respectively.

August 2001: Federal Register 66:43442-43459. NMFS Final Rule (Subpart P) to allow small takes
of marine mammals incidental to the ATOC project. Confirms the concept of some behavioral

disruptions (such as a “momentary reaction”) as being below a level that constitutes an incidental
take (p. 43444).
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development, the 180-dB criterion is a guidepost to ensure that a marine mammal is protected from
unnecessary injury. For impulse noise, a guideline is established for a sound pressure level (SPL) of
160 dB (re 1 pPa-m [rms]) and for intermittent noise (e.g., offshore oil and gas drilling activities), an SPL
of 120 dB (re 1 pPa-m [rms]) has been suggested for determining when behavioral impacts may result.
While it has been recently shown that SPLs causing behavioral effects for marine mammals may be
related to the location relative to the marine mammal activity, they provide preliminary guidance for
when small take authorization requests should be considered.

It is noteworthy that incidental take permits issued by NMFS for Alaska and California offshore
operations have been restrictive (see Appendix E Section II.B - Possible Mitigation Measures and
Operational Restrictions), based on the presence of sensitive species and the potential for disruption of
certain activities (i.e., migration, feeding). For the Gulf of Mexico, separate determinations are warranted
(i.e., what activities may be affected by seismic operations, what is the importance of those affected
activities relative to the individual and the population?).

Marine mammal life history and distribution summaries for Gulf of Mexico species have been
provided in Appendix F Section I.A - Marine Mammals. No marine mammal species present in the
Gulf of Mexico have documented or suggested migratory patterns, nor are there any designated critical
habitats for marine mammals in Federal waters of this region. However, the presence of persistent sperm
whale aggregations off the Mississippi River delta and their importance to this listed species remain to be
fully studied. Similarly, the perceived hearing sensitivities of Bryde’s and beaked whales (strategic stock)
are not fully understood, suggesting further study is required for these species or species groups.

V.  OTHER FACTORS AND CONSIDERATIONS

Literal interpretation of the MMPA and the definitions of harassment suggest that there may be a
technical violation of the law if sperm whales (a listed species) realize injurious auditory effects
(e.g., TTS) or changes in behavior (e.g., avoidance behavior, moving away from a seismic noise source)
from exposure to G&G surveys. However, it may also be argued that behavioral reactions to seismic
noise are pragmatically below the level B “take” threshold of MMPA. The point of this discussion is to
explore the ramifications of a lower threshold of the Level B “take”- one that considers the de minimis
significance of any impact, and the apparent short duration of the impact.

Specifically, several factors must be considered in this analysis regarding the short term exposure
of a marine mammal to seismic survey noise. These factors include

e [Exposure duration, short term — both the seismic vessel/seismic sound source and the
individual are moving; characteristics of the sound and sound exposure in the short term (i.e.,
on the order of minutes) must be considered;

e Exposure duration, long term — seismic survey activity is variable, with annual completion of
up to 30+ surveys, Gulf-wide; on occasion, multiple vessel surveys may be undertaken, with
up to five boats working concurrently; the ambient and anthropogenic noise characteristics of
the broader environment (e.g., protraction areas, such as Mississippi Canyon; Planning Areas,
such as the Central Planning Area) should be considered;

e Characteristics of the sound — for individuals at distance (i.e., not within several hundred
meters of an array as the system is activated), there will be a gradual increase in received
sound level by the individual as the seismic vessel approaches. At the point where the
individual and the seismic array are closest, maximum received sound levels will be realized.
Further, there will be a gradual decrease in received sound level as the vessel moves away;
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e Ambient sound environment — comprehensive data specific to the Gulf of Mexico are lacking
(see Appendix F Section IV - Noise Environment); sound sources present are represented
by high volumes of commercial vessel traffic (tankers, cargo vessels, >10,000 dead weight
tonnage), outer continental shelf oil and gas support operations, and commercial and
recreational fishing activity (mobile sound sources), as well as several thousand fixed sound
sources (i.e., platforms). Ambient and anthropogenic noise is quite variable throughout the
Gulf;

e Ability to move — life history information suggests that marine mammals’ response to noise is
extremely variable, with anecdotal observations and scientific findings ranging from
inquisitive investigation to avoidance. To date, there are no data that associate either
decreases in abundance or strandings with seismic survey activity levels;

e Adequate warning — ramp-up, as a required operational measure, is expected to serve as a
reliable mechanism to alert those marine mammals potentially at auditory risk of pending
seismic operations; and

e Mitigation or operational restrictions — visual and/or passive acoustic monitoring offer
additional mechanisms for monitoring of a predetermined impact zone, with inherent
limitations evident in each; little benefit was noted among the operational restrictions
considered in this analysis.

Based on discussions with MMS and NMFS, there are several aspects to consider in addressing
this issue, including (but not necessarily limited to) MMPA regulatory compliance, the Minerals
Management Service (MMS) NEPA process (i.e., categorical exclusion [CATEX] or EA, and
determination of environmental impact:

e Compliance with MMPA — means either the action has no potential for a “take” to occur, or
the applicant has authorization from NMFS (e.g., IHA or LOA) for incidental but
unintentional take as a consequence of the action. Compliance with MMPA does not
necessarily equate to “no take.” Take can still occur with proper authorization (IHA, LOA)
and the potential to mitigate the take still exists.

e The MMS NEPA process relative to most MMS-permitted G&G activities generally proceeds
as a CATEX. However, MMS notes that the possibility of a violation under MMPA (or other
laws or regulations) requires preparation of an EA.

e Environmental impact, while based on threshold levels and species- or resource-specific
significance criteria (see PEA Section III.A.1 - Significance Criteria), must also consider
the issue of “take.” Even if an applicant has an LOA or IHA, and is authorized, a “take”
could still harm a cetacean.

The potential of such a take is the core of the question. Further, one of the goals of this analysis
should be a discussion of how G&G surveys should not violate the MMPA by causing impacts that result
in a “take.” Any activity that violates the MMPA will require MMS to review the G&G permit
application via an EA, rather than as a CATEX.

To characterize those situations that can cause a violation of MMPA (i.e., “take”), this PEA has
compiled the following elements for consideration:

e the spectrum of noise intensity and frequencies from G&G activities (i.e., typical source
levels of 240 dB re 1 pPa [zero-to-peak], or 210 dB re 1 pPa [rms], depending upon the array
effect and zero-to-peak to rms conversion; predominantly low frequency energy, with
diminished energies in mid- to high frequencies; see Appendices C [Sections II and III],
D [Section II], and G);
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e identification of cetacean species for which hearing in each frequency range is especially
important; in this analysis, three species or species groups have been identified as being of
concern — sperm whales (listed species), Bryde’s whales, and beaked whales (strategic stock);

¢ identification of areas of concentration of species or species groups of concern (i.e., sperm
whale congregations over slope environments off the Mississippi River delta and in similar
depths approximately 300 km east and offshore of the Texas-Mexico border; Bryde’s whale
occurrence in the Eastern Gulf Planning Area; no site preference noted for beaked whales);
based on available data, no migratory routes are known or suggested, while areas of apparent
congregation have been noted (i.e., based on current level of knowledge) only for the sperm
whale;

e delineation of the area(s) affected by low frequency seismic survey noises, considering both
the survey area, and the distances that these noises are broadcast at a level sufficient to cause
a Level B harassment (“take”); calculations presented in PEA Section II.C.e -
Predetermined Impact Zone and Appendix C, Section III.A - Horizontal Distance of the
180-dB Isopleth and Appendix C, Section IIL.B - Horizontal Distance of the 160 - dB
Isopleth suggest that the 160- and 180-dB re 1 pPa (rms) levels conservatively extend into
surface and near surface waters approximately 3,000 and 300 m from the airgun array,
respectively.  Simplifying assumptions regarding these calculations are also outlined in
Section III of Appendix C.

NMFS has been working with the marine mammal research community and other agencies for
several years in an attempt to compile appropriate acoustic criteria. New draft acoustic criteria (i.e., noise
exposure criteria) continue to be developed by NOAA-F's expert panel (i.e., noise exposure criteria
group); the panel is expected to release its recommended noise exposure criteria in the 2004-2005
timeframe. In the absence of NMFS guidelines on acoustic take, the permit history (i.e., for LOAs or
IHAs) has been reviewed (see Section IV of this appendix). While there are slight variations in these
criteria from one location to another, in general, NMFS has approved the use of impact zones (termed
“safety zones”), which correspond to the estimated 190-dB and 180-dB re 1 puPa (rms) isopleths for
pinnipeds and cetaceans, respectively. There are also differences in the duration of sound exposure (i.e.,
single impulsive vs. continuous; low duty cycle vs. single ping equivalent; see NMFS, 2001b,c for
additional discussion). In the present analysis, both 160- and 180-dB re 1 pPa (rms) isopleths have been
used in calculations of a cetacean impact zone, as noted previously. These isopleths are based on a review
of recent take authorizations, conforming to accepted acoustic criteria.

There is also considerable variability regarding perceived hearing capabilities among marine
mammals (see PEA Figure III-1). Those species or species groups perceived to be at risk were
subsequently identified, with proper qualification of 1) assumptions inherent in equating vocalizations to
hearing capability, and 2) missing data for a measurable proportion of the world’s marine mammals.

The characteristics of seismic survey sound were also described (see Appendices C [Sections 11
and III], D [Section II], and G). Given the propagation characteristics of low and high frequency sound
(i.e., attenuation of high frequency sound is greater; low frequencies travel farther than their high
frequency counterpart) and the relative energy levels of these frequencies (i.e., high energy levels for low
frequencies, <1,000 Hz; considerably lower energy levels for high frequencies), the low frequencies are
of greatest concern. This concern has been expressed by various entities, including MMS, NMFS, and
the National Research Council (1994, 2000, 2003).

Cetacean behavior in the presence of anthropogenic noise and vessel activity is variable.
Scientific data and anecdotal observations are such that some species avoid seismic operations (e.g., gray
whales, bowhead whales), while others (e.g., delphinids) may approach a seismic vessel during a survey



Appendix B B-19

to ride the bow wave. It remains unclear whether harm may occur to individuals (from exposure to
seismic survey noise) under these circumstances.

Finally, consideration has also been given to the cumulative effects of seismic survey noise on
marine mammals of the Gulf. The noise environment of the Gulf has been summarized in Appendix F
Section IV - Noise Environment, based on available data. Comprehensive data on the Gulf noise
environment are lacking. As an alternative approach, the relative level of activity and noise
characteristics of major vessel operations in the Gulf were compiled. In a cumulative sense, seismic
survey activities represent a potentially significant yet transient component of the overall noise
environment. While seismic survey activities constitute a very minor portion of total vessel activity in the
Gulf, such surveys do produce repetitive, mobile, and short-term increases in ambient noise levels. The
period between potential exposure ranges from hours to days (i.e., time between separate passes of a
seismic survey vessel). In the near-field, within several hundred meters or so of an array, received sound
levels may reach or exceed 180 dB re 1 uPa (rms). At greater distances, sound from a seismic survey is
of a similar nature to other commercial vessel activity.

V.  PROMULGATION OF REGULATIONS REGARDING ACOUSTIC
TAKE

Resolution of the “take” question vis-a-vis future G&G operations in the Gulf of Mexico lies with
the promulgation of regulations, or in a more informal mode, development of guidelines. MMS has
requested preliminary rulemaking (i.e., NMFS promulgation of regulations) for the incidental take of
marine mammals resulting from G&G activities in the Gulf of Mexico. The MMS request for rulemaking
forges a new subpart of the MMPA regulations and is expected to result in the issuance of an LOA
(R. Defenbaugh, MMS, oral comm., 2003). MMS has used the draft version of the G&G PEA and its
accompanying finding of no significant impact (FONSI) as supporting documentation.

A fundamental need in considering this option lies with development of acoustic take criteria. At
present, NMFS continues with its efforts to establish species- or group-specific take criteria for impulsive
sound (R. Gentry, NOAA-F, oral comm., 2003). Such criteria, termed guidelines by NMFS, are still
being developed, and the current timeline for completion remains unclear.” Once NMFS has reached a
point where draft acoustic take criteria have been finalized, the agency will solicit comment from its
group of independent acoustic experts. Revisions to those guidelines may be expected. Once this process
is complete, NMFS intends to utilize those guidelines in its review of project-specific applications (as it
has done in recent IHA and LOA reviews). Whether or not such guidelines (not regulations) go through
the normal public notification process (i.e., publication in the Federal Register) remains to be determined;
however, NMFS does expect that the new guidelines for acoustic take will realize a broad distribution.
According to NMFS, new acoustic take guidelines may become formal regulations in the future,
depending upon the results of current and future research in this area.

> NMFS has noted that acoustic take criteria are nearing completion. A major question remaining to be addressed is
whether single impulse criteria (e.g., 180 dB re 1pPa [rms] for cetaceans) is applicable to repetitive impulses
(i.e., as might be experienced with exposure to seismic noise or low frequency active sonar). The U.S. Navy
(Office of Naval Research) is also summarizing for NMFS the current state of knowledge regarding experimental
work with impulsive sound and resulting tissue damage attributed to resonance phenomena (see Appendix G); a
workshop to discuss this issue was held in October 2001, following a planning session on this issue in July 2001.
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Introduction to Acoustics and Seismic Surveys

This appendix describes, in lay terms, the mechanisms by which sound is produced during
geological and geophysical (G&G) operations. Particular attention is paid to defining proper terminology
and units.

I. SEISMIC SURVEYS

Seismic surveys are the primary means by which G&G contractors explore the seabed for oil and
gas reserves. The fundamentals of the process are basically those of a sonar (i.e., a projector sends out
sound waves and receivers “listen” for returning echoes of those sound waves). In the case of a simple
submarine sonar, a sonar ping may be projected horizontally into the water column, which will reflect off
objects (such as the hulls of other submarines), and can be received by sensitive listening equipment
(hydrophones) aboard the first submarine. This is the basic “source” and “receiver” system.

Seismic surveys also use this principle of a source and receiver system. The source is typically an
array of airguns, which are towed behind a survey vessel, usually at distances in the order of 100 m astern
(see Appendix D, Figure D-2). Airguns are essentially small compressed air chambers that, upon
command, can be made to vent their compressed air underwater in a single, rapid event. This pressure
release event creates an acoustic pressure pulse, and a bubble of air that rapidly expands and contracts.
The bubble will oscillate in volume, creating additional pressure events, and hence a single gun does not
normally produce the desired level or characteristic of sound pulse. Multiple guns of varying size,
mounted in an array, are used to offset this effect. Guns within the array may be arranged in clusters,
which has the effect of simulating a single gun with larger chamber volume than any individual gun.
Clusters of airguns are suspended from a float system, typically referred to as a sub-array. A number of
laterally spaced floats forms the entire array. Firing all guns in the array boosts the sound levels, and
creates a primary low frequency sound pulse directed towards the seabed (i.e., see Appendix D,
Figure D-4).

These sound pulses penetrate the seabed and will reflect strongly off major discontinuities in the
rock strata, such as oil and gas pockets. These reflected sounds are received by arrays of hydrophones
towed behind the survey vessel in long streamers. Complex computer processing is then undertaken to
interpret these “echo-returns” and construct a sub-surface map of the seabed. A seismic survey operation
is illustrated in Figure C-1. It is worth noting that, although the primary low frequency pulse is directed
towards the seabed, both this and higher frequency sounds generated by the guns also transmit into the
wider water column.

II. UNDERWATER ACOUSTIC MEASUREMENTS IN BRIEF
A. A FEW FUNDAMENTALS

Underwater sound is essentially the transmission of energy via compression and rarefaction of
particles in the conducting medium (i.e., in this case, seawater). The pressure pulse from a sound source
(such as an airgun) propagates outwards in an expanding spherical shell at approximately 1,500 m/sec (in
seawater). As the shell expands, the energy contained within it is dispersed across an ever increasing
surface area, and the energy per unit area decreases in proportion to the square of the distance travelled
from source. This is known as the inverse square law, or more generally as spherical spreading. In
addition, there may be losses due to molecular absorption of energy as the particles in the medium
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Figure C-1. Illustration of a seismic survey operation (figure courtesy of John C. Goold).
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oscillate. These effects are small at low frequencies (<1 kHz), but become quite significant at high
frequencies (>1 kHz).

Measurement of underwater sound levels has historically been complicated by a system of
inconsistent and confusing units. It is not uncommon for technical or scientific literature to complicate
the problem, using sound units that are poorly defined, misquoted, or simply not defined at all.

Sound waves are normally multiple, repeating oscillations of the compressive and rarefactive
wave passing through the medium. A simple sound wave has a clearly defined amplitude and a
frequency. The term “wave” itself gives an indication as to the form in which the signal is represented. It
is worth illustrating this in terms of voltage on an oscilloscope, especially as sound waves are received
and transduced by hydrophones as electrical signals.

B. PEAK LEVELS AND PEAK-TO-PEAK LEVELS

Figure C-2(a) shows a simple sine wave. The peak amplitude of the signal is defined as the
amplitude of the wave peak above the zero crossing point (i.e., zero-to-peak), and is 1 volt in this case.
The peak-to-peak amplitude of the signal is defined as the amplitude difference between the positive peak
and the negative peak, which is 2 volts in this case. There are three complete cycles of this oscillating
signal in a period of 1 second, and as such, this signal is defined to have a frequency of 3 Hz (3 cycles per
second). A signal with the same amplitude, but at a frequency of 10 Hz, is illustrated in Figure C-2(b), to
clarify the concept of frequency.

Acoustic amplitude is expressed on a pressure, rather than voltage scale, but the principle and the
graphical representation are identical to the electrical analogy (i.e., voltage amplitude is replaced by
pressure amplitude on the vertical axis). Further, hydrophones convert pressure to voltage, so it is
actually an electrical signal that is examined. Acoustic amplitudes of interest, both in air and underwater,
cover such a large range that it is common to express them on a logarithmic scale, known as the decibel
scale. A dB is a dimensionless unit that simply expresses the ratio of one quantity to a reference quantity
on a logarithmic scale. In acoustic terminology, the dB may be the ratio of a received pressure level to a
reference pressure level and is commonly used as a measurement of sound pressure levels (SPLs), thus

e SPL =20logo(received pressure level/reference pressure level)

As with the representation in Figure C-2, the received peak pressure level of a simple sound
wave would be the peak amplitude of the sine wave. In underwater acoustics, the reference pressure has
been standardized as 1 pPa. For example, a received sound pressure level of 1,000 pPa would be
expressed as 60 dB re 1 pPa [20log(1000/1)]. The peak-to-peak level would be 66 dB re 1 pPa
[2010g(2000/1)]. For simple signals, peak-to-peak levels compute as 6 dB greater than zero-to-peak
levels.

C. rms LEVELS

In descriptions of seismic survey noises and noise impacts, it is common (although far from
uniform) to see the term “rms” quoted. This notation stands for root-mean-square, and its purpose is
linked to the derivation of power measurements from oscillating signals. This can best be illustrated with
the electrical analogy. For a simple sine wave signal, the rms amplitude is the peak amplitude divided by
the square root of 2. In the case of a simple sine wave of 1-volt peak amplitude, the rms voltage is
0.707 volts, as illustrated in Figure C-3.
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Figure C-2. Sine wave with (a) peak amplitude of 1 v, peak-to-peak amplitude of 2 v, and
frequency of 3 Hz, and (b) peak amplitude of 1 v, peak-to-peak amplitude of 2 v,
and frequency of 10 Hz (figure courtesy of John C. Goold).
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In terms of domestic electricity generation, the product of rms voltage and rms current is used to
measure the power delivery (e.g., watts). In the United Kingdom, mains electricity supply is 240 volts at
50 Hz; in the United States it is 110 volts at 60 Hz. These voltages are in fact rms values, and the true
peak voltages are 339 volts and 155 volts, respectively, and would appear something like the
representations in Figure C-4 if compared on an oscilloscope. Peak voltages are recovered by
multiplying the rms value by the square root of 2.

The concept is similar, but somewhat more complex, in terms of measuring rms values of airgun
output from seismic surveys. The actual definition of rms is the square root of the average of the squares
of a set of numbers or quantities, and it is in this form that it is more useful in the derivation of power
levels from complex signals such as seismic survey pulses. Seismic survey pulses are short, generally
non-periodic waveforms that do not lend themselves to the simple rms calculation. Although low
frequencies dominate, seismic pulses are a mix of sounds at different frequencies and may be
characterized through spectral density analysis. If the correct routines are chosen, this can be used to
decompose the pulse into the energy levels of its constituent spectral components, and thereby some
measure of rms values obtained. However, given the dominance of the low frequency pressure spike,
there is a tendency to read peak pressures directly in terms of signal amplitude.

Calculations of energy and rms levels should also take into account pulse durations, which are
typically much less than 1 second. Power is defined as energy per second. Strictly speaking, for complex
waveforms, the rms levels will depend upon the individual waveform characteristics as devolved through
fourier analysis, and cannot be easily generalized.

By way of crude example, Figure C-5 illustrates a signal that is a composite of three pure sine
waves, each of 1 volt peak amplitude, at different frequencies, and the spectral decomposition of the
signal. Three distinct peaks are evident, which describe the three components of the original signal.
There is a small amount of spectral “smearing,” but when the values under the peaks are summed, they
yield the rms values of the original sine waves.

If the signal in Figure C-5 is truncated and enveloped into a short pulse, it results in a signal as
shown Figure C-6. This signal is not dissimilar to a seismic survey pulse. The energy within the pulse is
much reduced. As a result, the spectral decomposition yields much lower rms values - i.e. a longer set of
sine waves of much lower amplitude would deliver the same energy as the short, high amplitude pulse. In
this case, the major energy within the pulse occurs in about 1/100™ of the time occupied by non-pulsed
signal in Figure C-5. As a result, the spectral estimates are about 1/100™ the magnitude, or 20 dB less.
There is also considerably more spectral smearing due to the discontinuous, pulsed nature of the signal.
In marine mammal sound exposure and impact studies, a quantity known as Sound Exposure Level may
be used, which is analogous to this example of a short pulsed signal.

It is worth noting at this point that dBs can also be used to express ratios of energy or power in
acoustics. In this form it is typical to see representations of a measured intensity to a reference intensity.
The intensity of an acoustic wave is the amount of energy passing, per second, through a cross sectional
area of 1 m squared, and is proportional to the square of the signal amplitude. Due to the amplitude
squared relationship, the multiplier in the dB equation is 10, as opposed to 20 in the case of sound
pressure level. Sound intensity in dB is expressed thus:

e 10logjo(measured intensity/reference intensity)
The reference intensity is the intensity of a plane wave of rms pressure equal to 1 pPa. Strictly

speaking, power or intensity measurements in dBs should carry the dB re 1 uPa” notation, but this is often
omitted.
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Comparison of UK and US mains voltage supplies. The commonly accepted values
of 240 and 110 v are in fact rms values. The peaks occur at 339 and 155 v,
respectively (figure courtesy of John C. Goold).
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Quotation of seismic noise levels throughout the literature is inconsistent. Some state that values
are peak-to-peak, others as zero-to-peak, others as rms, and many are not defined. This makes
standardization of units within this document an impossible task, and in general, we have abstracted
quantities at face value from the literature. We may suggest that unless stated otherwise, all dB values
should be considered as rms. However, on making such an assumption, it should be acknowledged that
many of the sound level values quoted, and calculations based upon them, could have plus or minus errors
of several dB.

D. AIRGUN PULSE rms

A typical far-field airgun array signature is illustrated in Figure C-7(a) for a 4,800 cubic inch
array recorded with 2 ms sampling (data courtesy GXT; G. Greve, oral comm., 2003). In this figure, the
signature initially shows a positive peak followed by a somewhat higher negative trough and,
subsequently, a series of low amplitude peaks and troughs associated with air bubble oscillations. The
sound pressure level pulse maximum is ~-60 Bar-m. The rms values are calculated by squaring each
value, adding this value to the sum of the squares of the previous values, dividing by the number of
previous values plus one, and then taking the square root of the sum. Values are converted to dB down
from peak by multiplying 20 times the log of the ratio of this value to the peak value. The rms values
drop from 50 dB down to a low of 4 dB down, then rise gradually to 16 dB down from the peak value
(trough) of the airgun array signature. As is evident from Figure C-7(b), the determination of rms values
depends upon where in the pulse the measurement is taken and illustrates why rms measurements are used
primarily for continuous signals and not for impulsive waveforms. While these data indicate that rms
conversion is variable (i.e., 4 to 16 dB) and, for impulsive signals, highly dependent upon where in the
pulse the value is determined, a conservative estimate for rms conversion is 10 dB. Alternatively,
adoption of 12 dB might be argued because it would include measurement of the pulse plus the first
bubble. Similar calculations for rms levels for other airgun array signatures should be very close to this
example (i.e., 10 to 12 dB) (G. Greve, oral comm., 2003). A conservative estimate of 10 dB has been
adopted in this analysis (i.e., zero-to-peak to rms).

III. SEISMIC SOURCE LEVELS

Airgun output is usually specified by the G&G industry in terms of zero-to-peak or peak-to-peak
levels, and the size of airguns is of concern operationally. Airgun sizes are quoted as chamber volumes in
cubic inches, and individual guns may vary in size from a few tens to a few hundreds of cubic inches (see
Appendix D, Section II.A - Seismic Sources, Airguns). Airgun array sizes are quoted as the sum of
their individual airgun volumes, and again can vary greatly. 3D seismic survey array sizes may be on the
order of 3,000 to 4,000 cubic inches, or slightly larger.

Sound producing devices, such as airguns, are usually ascribed to have a particular source level.
A source level is typically defined as the sound pressure level at 1 m range from the source of the sound,
and it is common to see the notation of dB re 1 pPa-m used to represent it. In the case of small
transducers, such as certain piezo-ceramic elements, sound pressure at 1 m range can be measured
directly. In the case of relatively large devices, it becomes unrealistic to measure sound levels at 1 m
range, because

e itis not always possible to define where the center of the sound source is, and
e large devices are greater than 1 m in dimension themselves.

Further, for powerful sources such as airguns, close range measurements suffer from a so called
"near-field" effect, which is the complex interaction of direct pressure waves from the compressed air
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Figure C-7. Single airgun pulse signature from a vertical seismic profile survey, reflecting both
(a) sound pressure level, and (b) dB down from peak. The pulse is approximately
55-60 Bar-m above background (255 dB re 1 uPa-m). The rms level is dependent
upon where in the time series the measurement is taken. Measuring from the peak
of the first bubble pulse (time = 92 ms) gives a value of 10 dB (figure courtesy of
Gordon M. Greve).
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release, and the particle compressions that compose the sound waves. These interactions at close range to
powerful sources make measurements in the near-field unreliable.

In such situations, it is common to measure sound levels in the far-field, that is, at considerably
greater ranges than 1 m, where acoustic pressure waves are not corrupted by near-field pressure effects.
In the case of a single airgun, far-field measurements may be made at ranges of tens of meters. The
airgun source level is then back calculated to 1 m range, by mathematically compensating for the
spherical spreading loss that the sound wave would have experienced on its way to the measurement
point.

In the case of airgun arrays, which may have individual guns separated by several meters, a point
source level is clearly something of an abstract concept. Nevertheless, far-field measurements may be
made at several hundred meters range and back calculated to a level notionally 1 m from the center of the
array. This measurement has value in calculating the likely ranges of acoustic “isopleths” from seismic
operations (i.e., rings around the vessel that receive the same sound pressure levels or acoustic intensities
on their circumferences). These ranges have importance in setting mitigation criteria in relation to the
effects of seismic survey noise on marine biota.

Determination of the sound level received by a marine mammal or other organism is a central
issue. Determination of what constitutes a safe exposure level is equally important, and the two factors
come together in estimations of safe ranges and isopleths (contours of equal loudness).

Unfortunately, neither the determination of received level, nor the determination of safe exposure
levels, is easily resolved. Received level depends upon the source level of the seismic array, the specific
propagation of sound between the array and the receiver (marine mammal), and the orientation of the
array with respect to the receiver. The determination of safe exposure levels is a matter of scientific
debate and research. Levels between 180 dB and 160 dB are commonly quoted as appropriate exposure
levels, although certain observations suggest disturbance at received levels as low as 120 dB. For the
purposes of this discussion, we will consider 180- and 160-dB exposure levels.

Figure C-8 shows sound spreading loss as a function of distance. The curve illustrating free field
spherical spreading (20log[R]) is shown by the red line. In unbounded seawater (i.e., in the deep oceanic
locations, or at close ranges to a source in shallower shelf waters), free field spherical spreading will
occur. Once the horizontal propagation path becomes substantially greater than the water depth, a ducted
form of spreading tends to occur due to reflections from the seabed and surface. In a duct with perfectly
reflective boundaries, the spreading would become cylindrical, following a 1010g[R] decay. However, in
reality, the boundaries (i.e., the seabed in particular) are not perfect reflectors, and there is some loss of
energy from the water column as the sound propagates. In this situation, the propagation is usually
referred to as modified cylindrical spreading; and initial estimate of this attenuation is to adopt a 15log[R]
decay. The precise rate at which loss will occur is variable and will be site-specific, depending upon such
factors as seabed type. Modified cylindrical spreading is a phenomenon that tends to occur more with
quasi-continuous sounds than with short impulse sounds. Short pulses tend to form a series of short
reverberations rather than a sustained interference pattern, hence 20log[R] is more appropriate for the
initial pulse of an airgun array. However, multiple reverberation of the pulse may occur in a ducted
situation, thereby lengthening the sound exposure and contributing more energy overall than would be
predicted by simplistic application of spherical spreading to the initial pulse only.
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Figure C-8. Sound spreading loss versus range from source showing (a) free field spherical spreading

(20log[R]; red line) and (b) detail of the transition to modified cylindrical spreading

(15log[R]), the latter illustrated as several diverging branches from the free field curve at
specific water depths. Transition to 15log[R] is considered to occur when the horizontal
range is 1.5 times the water depth, and is more pertinent to quasi-continuous sounds than

to short pulsed sounds (figure courtesy of John C. Goold).
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Figure C-8 illustrates a number of 15log[R] curves branching from the free field spherical
spreading (20log[R]) curve, which can be used as rough guides to read off spreading loss with distance
from source. The branches relate to different water depths, arbitrarily chosen as 100, 200, 500, 1,000, and
4,000 m. To estimate sound spreading loss for quasi-continuous sounds in water 100 m deep, for
instance, one should follow the free field curve and then branch along the 100 m, 15log[R] line. Each
branch is positioned to take the curve into modified cylindrical spreading conditions at horizontal ranges
1.5 times their respective water depth. Therefore, the 100-m curve diverges to 15log[R] at 150-m range;
the 200-m curve diverges to 15log[R] at 300-m range; and so on. It is considered that at horizontal ranges
in excess of one and a half times the water depth, there will be reasonable interaction between the direct
path signal and bottom reflections of quasi-continuous sounds, leading to ducted spreading. If one takes
only the initial pulse in a reverberant seismic signal, then 20log[R] is likely to apply. However, if one
wishes to account for total energy in the water column, including reverberations of an initial pulse, then
adoption of a modified cylindrical spreading loss may be more appropriate. In the calculations to
isopleths of interest (i.e., 180- and 160-dB) provided below, a simple spherical spreading model has been
adopted for calculation of isopleth ranges. This model could easily be adapted to modified cylindrical
spreading, if desired.

Airgun array source levels are typically expressed as zero-to-peak or peak-to-peak values.
Protocol for the conversion from zero-to-peak to rms levels seems to vary, but the general consensus is
that a conversion factor of -10 dB is appropriate albeit conservative, as discussed in the previous section
(see Figure C-7 and associated text). Further, the phenomenon known as the "horizontal array effect”
reduces effective source levels in the horizontal plane relative to the vertical plane. Again, there is some
variation of opinion regarding the array effect, but the general consensus is that the array effect causes at
least a 20-dB reduction in the horizontal plane and is highly frequency dependent (i.e., higher frequencies
attenuate to a greater degree than lower frequencies; see Coates, 1990; higher frequencies from airgun
arrays are also produced at a lower level; directivity in the horizontal plane is likely to vary due to
differential interference patterns with frequency). Finally, the output of the array is unlikely to be
uniform in all directions. Unfortunately, only limited field measurements of the polar properties of a
seismic array are currently available; as a result, there are insufficient data available at this time to make
appropriate generalizations or informed estimates of the polar properties of airgun arrays (see Section IV
of this appendix).

Given these considerations, preliminary calculations of radial distance to specific isopleths (i.e.,
contours of identical sound levels) have been developed concurrent with an explanation of the rationale
employed in this approach. These basic calculations outline output at the source of a typical GOM
seismic array (see Appendix D, Section II.A - Seismic Sources, Airguns) and account for rms
conversion and horizontal array effects. Because of the programmatic nature of this assessment, however,
precise calculations associated with specific airgun arrays or specific survey locations cannot be
developed.

The following subsections calculate estimated maximum radial distances to the 180- and 160-dB
(rms) isopleths based on a typical seismic array (i.e., 4,550-in> airgun array; 240 dB re 1 pPa [zero-to-peak],
230 dB re 1 pPa [rms]) in use in the Gulf of Mexico. Actual array output varies by operator and can be lower
than the typical system employed in this analysis.

Note: The following calculations detail the methodology used to determine, in a simplistic approach, the
distances to target isopleths of interest. For the 4,550-in.” array considered in this analysis, the 240-dB
(zero-to-peak) source level represents an estimated vertical source level, but not a real point source
measurement. Real point source measurements are problematic and not easily measured in the
near-field, as noted above. For the purposes of these calculations, a hypothetical source level of 260 dB
(zero-to-peak) has been employed based on an extrapolation (back to the source) from spherical
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spreading in the far-field. To avoid confusion, the extrapolated 260 dB (zero-to-peak) level is used only
in the calculations presented herein; 240 dB (zero-to-peak) is cited throughout the remainder of this
document as the real vertical source level of a 4,550-in.” array.

A. HORIZONTAL DISTANCE OF THE 180-dB ISOPLETH

Taking a characteristic source level for an airgun array of 240 dB re 1 pPa produces a flawed
estimation of the isopleth distance. This is because of the behavior of sound in the near-field, and the
transition from near-field to far-field. It is possible to make a flawed calculation as follows:

240 dB  (vertical sound source level of array, zero-to-peak)
-10 dB  (rms conversion)
-20 dB  (horizontal array effect)

=210dB (effective source level)
-180 dB  (target isopleth)

=30dB (level in excess of 180-dB isopleth)

Using 20log [R] attenuation, a sound level drop of 30 dB will occur at approximately 30 m from source:
Range = antilog (30/20)
Erroneous range to target isopleth = ~30 m

However, this range is calculated from a notional point source (i.e., assuming that the 240-dB output of
the array was actually coming from a point), which is not the case.

It should be recognized that a range of 30 m from the center point of an airgun array will be in the
near-field (Figure C-9). This plot indicates that the near-field around a 4,550-cubic inch airgun array
extends to ~100 m from the center point of the array, and that sound levels remain relatively high in this
zone. However, the sound decay has a shallower gradient in the near-field than it does in the far-field.
The actual source level of the array in Figure C-9 is close to 240 dB re 1 pPa, but the extrapolation to a
notional point source (under which assumption the isopleth calculation above was made) is closer to
260 dB re 1 pPa. Therefore, for the notional point source calculation above, a source level of 260 dB
should have been used as a starting point. Recognizing this flaw in the calculation, one can start again
with a higher extrapolated point source level.

Given that the plot in Figure C-9 illustrates the zero-to-peak levels in the vertical plane below the
array, we again take -20 dB for the array effect and -10 dB for rms conversion.

260 dB  (extrapolated vertical sound source level of the array, zero-to-peak)
-10dB  (rms conversion)
-20 dB  (horizontal array effect)

=230dB (effective horizontal sound source level)
-180 dB  (target isopleth)

=50dB (level in excess of 180-dB isopleth)
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Using 20log [R] attenuation, a sound level drop of 50 dB will occur at approximately 300 m from source:
Range = antilog (50/20)
Actual range to target isopleth = ~300m

B. HORIZONTAL DISTANCE OF THE 160-dB ISOPLETH
Similarly, a calculation can be made to extrapolate the range of the 160-dB isopleth. Referring to

Figure C-9, we again consider sound propagation from an extrapolated point source level:

260 dB (extrapolated vertical sound source level of the array, zero-to-peak)
-10dB  (rms conversion)
-20 dB  (horizontal array effect)

=230dB (effective horizontal sound source level)
-160 dB  (target isopleth)

=70dB (level in excess of 160-dB isopleth)

Using 20log[R] attenuation, a sound level drop of 70 dB will occur at approximately 3,000 m from
source:

Range = antilog (70/20)
Actual range to target isopleth = ~3,000 m

C. FURTHER CONSIDERATIONS IN THE CALCULATION OF HORIZONTAL
DISTANCE OF THE 180- AND 160-dB ISOPLETHS

The calculations of maximum radial distances to the 180- and 160-dB (rms) isopleths presented
previously have been based on a typical seismic array (i.e., 4,550-in.” airgun array; 240 dB re 1 pPa
[zero-to-peak], 230 dB re 1 puPa [rms]) in commercial use in the Gulf of Mexico. As noted in
Appendix D, the actual array output varies by G&G operator and may be lower than the typical system
evaluated in this analysis. In non-commercial applications, array size can be considerably larger with
commensurate increases in array output (e.g., Lamont-Doherty Earth Observatory 20-airgun system
deployed from the R/V Maurice Ewing).

Lower output systems produce smaller zones of ensonification relative to the typical seismic
array characterized previously. For example, for an array with a specified source level 10 dB less than the
typical array, the range to the 180- and 160-dB isopleths would be on the order of 100 and 1,000 m,
respectively. Assuming a simplified radial geometry, the total area ensonified by this smaller array would
be one-ninth that of a typical seismic array. While it is beyond the scope of this programmatic
environmental assessment (PEA) to evaluate all potential array configurations, it is noteworthy that the
actual ranges to the 180- and 160-dB isopleths will vary depending upon array geometry (i.e., airgun
separation and size) and aspect (i.e., in-line versus cross-line array axes). Further, a smaller array would
have a smaller zone of ensonification, the latter of which influences calculations of potential incidental
harassment and take (see Appendix L).
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The frequency spectra of a seismic signal has not been accounted for in the distance calculations
(i.e., radial distance to a target isopleth) noted previously. It is known that a seismic signal is comprised
primarily of low frequency components (i.e., significant energy at 10-1,000 Hz, peak frequency at
50-60 Hz, with contributions from both mid- and high frequency components). Insufficient information is
available to accurately estimate and integrate frequency components into the isopleth calculations. As a
consequence, frequency spectra cannot readily be accounted for in the current analysis.

IV.  POLAR PROPERTIES OF AIRGUN ARRAYS IN THE
ENVIRONMENT

As stated previously in Section III of this appendix, there currently are insufficient experimental
data on the directional properties of airgun arrays to construct detailed isopleths around airgun arrays.
For this reason, estimates of the horizontal array effect have remained conservative, a natural prerequisite
of the precautionary principle.

As discussed previously, airgun array output realizes spreading loss with increases in distance
from the source (e.g., free field spherical spreading, 20log[R], and modified cylindrical spreading,
15log[R]), and is further influenced by water depth, water column structure, and the proximity and
characteristics of the sea surface and seafloor. Output from a seismic array characteristically exhibits a
"horizontal array effect" where differential sound attenuation occurs in the vertical versus horizontal
direction. Due to array configuration, there is also variability in isopleth geometry, specifically, a
near-surface directional variability.

While very little data showing isopleth geometry are present in the peer-reviewed literature,
Goold (unpublished) has measured output from an airgun array used in the North Sea. Figures C-10 and
C-11 reflect the near-surface directional variability in sound level around a 2,940-cubic inch airgun array,
measured as the spectrum level in an octave band centered at 200 and 1,000 Hz, respectively, and
extrapolated to 500-m range from the array. Data from port, bow, and starboard passes of the airgun
array are shown; data for the stern are not available. The plot, constructed from an analysis of at-sea
measurements made around an operating seismic vessel, shows a complex situation highlighted by the
presence of major and minor transmission lobes around the array. Differential attenuation between
200 Hz and 1 kHz is evident. The plot shows the number of dBs down from the loudest point - it does not
show actual sound pressure levels. The loudest point is closest to the outer reference ring at 0 dB; levels
are plotted relative to (i.e., down from) the 0-dB ring at the angles illustrated.

Recently, modeling of airgun output and the attenuation of the seismic pulse was discussed as
part of an environmental assessment of the proposed seismic research to be undertaken by
Lamont-Doherty Earth Observatory (R/V Maurice Ewing) in the northern Gulf of Mexico (LGL Ltd.,
environmental research associates, 2003). Employing model results, Figure C-12 depicts projected
received sound levels from a 20-gun array and clearly shows the elliptical nature of the dB isopleths. Not
only is the array directive, but the directivity varies with frequency. Appendix D, Section IL.A - Seismic
Sources - Airguns also discusses the polar or elliptical nature of airgun array output.

Data indicate that the horizontal transmission from a typical seismic array is not perfectly
circular, but rather is more elliptical and irregular in nature. In the absence of modeling results that are
directly applicable to this PEA (i.e., specific to a typical seismic array in use in the Gulf of Mexico), a
circular geometry is applied in establishing zones of ensonification and potential impact. This approach
quantifies the loudest point in a polar field and ascribes a circular zone at that radius. Directivity and the
elliptical nature of seismic pulses are discussed further in Appendix D, Section II.A - Seismic Sources,
Airguns and Appendix L.
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Figure C-10. Near-surface directional variability in sound level around a 2,940-cubic inch airgun array, measured as the spectrum level
in an octave band centered at 200 Hz, and extrapolated to 500-m range from the array. The plot shows the number of dBs
down from the loudest point - it does not show actual sound pressure levels. The loudest point is closest to the outer
reference ring at 0-dB; levels are plotted relative to (i.e., down from) the 0-dB ring at the angles illustrated. The plot is a
preliminary analysis derived from measurements at sea, with port, bow, and starboard passes of the gun array; data for the

stern are not available. This is a specific example and should not be taken as a generalization for all gun arrays and
configurations (figure courtesy of John C. Goold).
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Figure C-11. Near-surface directional variability in sound level around a 2,940-cubic inch airgun array, measured as the spectrum level
in an octave band centered at 1,000 Hz, and extrapolated to 500-m range from the array. The plot shows the number of dBs
down from the loudest point - it does not show actual sound pressure levels. The loudest point is closest to the outer
reference ring at 0-dB; levels are plotted relative to (i.e., down from) the 0-dB ring at the angles illustrated. The plotis a
preliminary analysis derived from measurements at sea, with port, bow, and starboard passes of the gun array; data for the

stern are not available. This is a specific example and should not be taken as a generalization for all gun arrays and
configurations (figure courtesy of John C. Goold).
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Figure C-12. Modeled received sound levels from a 20-gun array used during seismic surveys
conducted by the R/V Maurice Ewing in the northern Gulf of Mexico, May-June
2003 (Adapted from: LGL Ltd., environmental research associates, 2003).
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Characterization of Geological and Geophysical
Activities and Equipment

This appendix describes the various geological and geophysical (G&G) exploration techniques
currently being used (and expected to be employed by operators in the near future) in the Gulf of Mexico.
Particular attention is paid to seismic techniques and especially the role of seismic sources (e.g., airguns).
While this appendix is not intended to be a comprehensive analysis of all G&G activities, it is designed to
provide fundamental details of various G&G techniques and methods used in the Gulf of Mexico. Such
fundamental details serve as a basis for assessing the environmental impact of these operations (i.e.,
identification of impact producing factors or agents, determination of impact level; see
Section III - Environmental Impacts of the Programmatic Environmental Assessment [PEA]).

I. DESCRIPTION OF ACTIVITIES
A. SEISMIC SURVEYS

1. High-Resolution Site Surveys

High-resolution site surveys are conducted to investigate the shallow subsurface for geohazards and
soil conditions, as well as to identify potential benthic biological communities (or habitats) and
archaeological resources in support of review and mitigation measures for outer continental shelf
exploration and development plans. Information also can be recovered at much greater depths, so that
some surveys are used for exploration purposes. A typical operation consists of a ship towing an airgun
(about 25 m behind the ship) and a 600-m streamer cable with a tail buoy (about 700 m behind the ship).
The ship travels at 3 to 3.5 kn (5.6 to 6.5 km/hour), and the airgun is fired every 12.5 m (or about every
7 to 8 s). Typical surveys cover one lease block, which is 4.8 km on a side. Typically, the ship steams in
one direction for about an hour, then turns around (about 20 to 30 minutes) and surveys the next track.
Minerals Management Service (MMS) regulations require information be gathered on a 300- by 900-m
grid, which amounts to about 129 line km of data per lease block. If the MMS has identified a block as
having a high probability for the presence of historic archaeological resources (i.e., shipwrecks), grid
points must be on a 50-m spacing (i.e., pursuant to Notice to Lessees No. 2002-GO1). Including line
turns, the time to survey one block is about 36 hours; however, before surveying the block, the streamer
cable has to be balanced to enable it to stream at the proper depth, and the streamer and airgun must be
deployed. These ancillary operations add to the total survey time.

Recently, 3D high-resolution site surveys using ships towing multiple streamer cables have become
available. Since multiple streamers are towed, the ships tend to be slightly larger (47 vs. 37 m). Up to six
streamers 100 to 200 m long are used with a tri-cluster of 8- to 10-cubic inch generator-injector (GI)
airguns. With this system, 66 sail lines are necessary per block, which take about 5 days to collect. The
final bin size after processing is 6.25 by 12.5 m.

2. 2D Surveys

Seismic 2D surveys are conducted in the Gulf of Mexico by geophysical contractors mainly for sale
by them. These surveys are known in the industry as “spec” (speculative) surveys. Other surveys are
shot for the exclusive use of a client and are known as proprietary surveys. “Spec” surveys are conducted
over large multi-block areas, whereas proprietary surveys cover only a few blocks. Although the number
of 2D surveys is small, compared to 3D surveys, they are important as the survey can cover a larger area
in less detail resulting in a lower cost per area covered.
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The ships conducting these surveys (see Section IV - Ships of this appendix for details) are
generally 60 to 90 m long and tow a single source array 100 to 200 m behind the ship. Each source array
(see Section II.A - Seismic Sources, Airguns of this appendix) is about 20 m long and 24 m wide.
Following behind the source array another 100 to 200 m is a single streamer on the order of 8 to 12 km
long. Attached to the end of each streamer cable is a tail buoy with radar reflectors.

The seismic survey ship tows the above apparatus at a speed of 4.5 kn (8.3 km/hour). About every
16 s (37.5 m), the airgun array is fired. The time between airgun firings is the desired spacing between
firings, so the firings vary depending upon the actual speed of the ship.

To complete a survey, the ship will sail down a track from 12 to 20 hours (100 to 166 km),
depending upon the size of the survey area. Reaching the end of the track, the ship will take 2 to 3 hours
to turn around and start down another track. The spacing between tracks is usually on the order of 2 km.
This procedure takes place day and night and may continue for days, weeks, or months, depending upon
the size of the survey.

3. 3D Surveys

As with 2D surveys, almost all 3D seismic surveys in the Gulf of Mexico are conducted by
geophysical contractors as “spec” surveys, conducted over large, multi-block areas. Proprietary surveys
are usually conducted over only a few blocks.

The ships conducting these surveys are generally 80 to 90 m long, or slightly larger than those used
in 2D surveys since they are towing more equipment. These ships typically tow two source arrays, at
equal distances, 100 to 200 m behind the ship. The two source arrays are identical and are the same as
used in the 2D surveys described previously. Following another 100 to 200 m behind the dual source
arrays are anywhere from 6 to 12 streamer cables (see Section III.A - High Resolution Site Surveys of
this appendix for details) 3 to 8 km long and spread out over a breadth of 600 to 1,500 m.

The seismic survey ship tows the above apparatus at a speed of 4.5 kn (8.3 km/hr). About every 16 s
(i.e., a distance of 37.0 m for a vessel travelling at 4.5 kn), one of the dual airgun arrays is fired. Sixteen
seconds later the other array is fired. The timing between firings is governed by the desired spacing
between firings so the firings vary depending upon the actual speed of the ship.

Keeping track of where the airguns are fired, the position of the streamer cables, and the depth of the
streamer cables is controlled by an integrated navigational system. Streamer depth is regulated by
automated depth controllers called “birds.” The streamer cable lateral position is calculated from a
network of active acoustic devices. The end of the cable is tracked using global positioning system (GPS)
satellites. Radar reflectors are routinely placed on tail buoys for detection by other vessels.

To complete a survey, the ship will continue down a track from 12 to 20 hours (100 to 166 km),
depending upon the size of the survey area. Reaching the end of the track, the ship will take 2 to 3 hours
to turn around and start down another track. This procedure takes place day and night and may continue
for days, weeks, or months, depending upon the size of the survey. The surface grid size is normally
24 m by 48 m. Regardless of the size of the survey, subsurface information is usually obtained in bins
measuring 12 m by 24 m on a side.
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4. Ocean Bottom Cable Surveys

Ocean bottom cable surveys were originally designed to enable seismic surveys in congested areas,
such as producing fields, with their many platforms and producing facilities. Recently, these surveys
have been found to be useful for obtaining multi-component (i.e., seismic pressure, vertical, and the two
horizontal motions of the water bottom, or seafloor) information. This multi-component information
allows more information to be extracted from the seismic data and hence greater information about the
fluids and rock characteristics in the subsurface. These surveys have the additional advantage of lower
noise levels in the data because the cables are stationary rather than moving through the water, as is the
case with streamer cables. In addition, if gas effects resulting from leaky reservoir seals obscure the
seismic information, these multi-component surveys can result in better structural definition of the
hydrocarbon trap. Standard hydrophones are limited to water depths not exceeding 183 m. However,
recent advances in hydrophone and geophone technology have enabled these devices to be used up to
depths of 2,500 m or more. Of course, as these systems are deployed at deeper and deeper depths, both
the physical demands upon the system and the concern for the integrity of the system increase. According
to the International Association of Geophysical Contractors (IAGC), depth limitations are imposed due to
the construction of the carrier systems (e.g., pressure seals, strength of cable). Whether the carrier system
is comprised of streamer-type or logging-type cables, one fundamental question remains as to whether
they are capable of sustaining their own weight over the vertical distance between the sea surface and the
seafloor, as well as stresses placed on these systems during deployment and retrieval.

Ocean bottom cable surveys require the use of multiple ships (i.e., usually two ships for cable
layout/pickup, one ship for recording, one ship for shooting, and two utility boats). These ships are
generally smaller than those used in streamer operations, and the utility boats can be very small (see
Section IV - Ships of this appendix for more information). Operations are conducted “around the clock”
and begin by dropping the cables off the back of the layout boat. Length of the cable depends upon the
survey demands; it is typically 4.2 km but can be up to 12 km. Groups of seismic detectors, usually
hydrophones and vertical motion geophones, are attached to the cable in intervals of 25 to 50 m. Multiple
cables are laid parallel to each other using this layout method with a 50 m-interval between cables. Dual
airgun arrays are used. When the cable is in place, a ship towing an airgun array (which is the same
airgun array used for streamer work) passes between the cables, firing every 25 m. Sometimes a faster
source ship speed of 6 kn, instead of the normal 4.5 kn speed, is used with a decrease in time between gun
firings. After a source line is shot, the source ship take about 10 to 15 minutes to turn around and pass
down between the next two cables. This shooting and recording system results in a survey with
subsurface information collected in bins 25 by 25 m. Some surveys modify the shooting and cable
geometry to result in a bin size of 12.5 by 25 m, but the same approach to collecting the data is used.
When a cable is no longer needed to record seismic data, it is picked up by the cable pickup ship and is
moved over to the next position where it is needed. A particular cable can lay on the bottom anywhere
from 2 hours to several days, depending upon operation conditions. Normally a cable will be left in place
about 24 hours.

Location of the cables on the bottom is done by acoustic pingers located at the detector groups and
by using the time of first arrival of the seismic pulse at the detector group. To obtain more accurate first
arrival times, the seismic data are recorded with less electronic filtering than is normally used. This
detailed location is combined with normal GPS navigational data collected on the source ship. In deep
water, the process of accurately locating bottom cables is more difficult because of the effects of irregular
water bottoms and of the thermal layers, which affect travel times and travel paths, thus causing
positioning errors.
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5. Time-Lapse (4D) Surveys

The purpose of time-lapse surveys is to monitor the depletion of the reservoir and to locate zones of
by-passed production in an already discovered oil or gas field. Not all fields are candidates for time-lapse
surveys, and careful analysis must be done on each field to determine its feasibility for a time-lapse
survey. A time-lapse survey requires repeat surveys with highly accurate navigation to ensure the same
subsurface points are measured on each repeat survey. Time-lapse surveys are usually repeated every
6 months to a year, but occasionally the repeat interval can be as short as 4 months.

Time-lapse surveys can use either seismic streamer cables or, occasionally, ocean bottom cables to
house the seismic detectors, depending upon which system was used to discover the field. This results in
cheaper acquisition costs. Although a field could be discovered with a system using streamer cables and
the subsequent time-lapse surveys done with ocean bottom cables, this would increase the cost. Whether
the time-lapse surveys use streamer cables or seafloor cables to record the seismic signals, the procedure
closely resembles the ones previously described in the 3D seismic survey section or the ocean bottom
cable section. The main difference is in the size of the survey. Since the oil or gas field has already been
located, the survey is much smaller and the time spent conducting the survey much shorter than an
exploration survey. An average survey takes 2 to 4 weeks and can cover 20 square kilometers.

Although the technique began using streamer cables, the difficulty in locating the sensors with
suitable precision led to the use of bottom cables, then to fixed bottom cables. When fixed bottom cables
are used, the survey time after the first survey is much shorter since all that has to be done is connect the
fixed bottom cable to the recording instruments and start shooting. In shallow waters, the fixed cable is
easily located by attaching an acoustic transponder that responds when activated to the fixed cable. In
deeper waters, locating bottom cables becomes more difficult due to irregular seafloor topography, the
presence of thermal layers, and other effects that may limit position accuracy to ~20 m in 2,000-m water
depths.

6.  Vertical Cable Surveys

Vertical cable surveys, although uncommon, are similar to ocean bottom surveys in that the
receivers are deployed and then shot into by a source boat. However, they are substantially different from
ocean bottom surveys in that the receivers are located in vertical cables anchored to the ocean bottom.
Two identically configured boats are used during the survey. At the beginning of the survey, both boats
are used to place the vertical cables. During the survey, one boat is used as a source boat and the other to
recover and re-deploy the vertical cables.

The vertical cables are deployed on two overlapping grids. On each grid, vertical cables are
deployed every 2 km. One grid is staggered 1 km to the other such that any one vertical cable is no more
than 1.4 km from its closest neighbor. Normally 28 or 32 vertical cables are deployed at any one time
(see Figure D-1 for details on this geometry). Placing the cables in a known fixed position is a very
critical part of the placement process. To aid in the positioning, an acoustic transponder is attached to the
bottom of each vertical cable. Each vertical cable consists of an active section and lead-in section. At the
bottom of the active section is not only the transponder but also an anchor composed of 680 kg of steel.
In the active section are 16 specially constructed hydrophones spaced 25 m apart, which makes the active
section 375 m long. At the top of the active section are placed buoyant floats to keep the cable as vertical
as possible. Also attached to the top of the active section is the lead-in, which leads to the surface where
the buoyant floats and a 16 channel 24-bit recorder are located.

Once the cables are in place, the source boat begins shooting in such a way that each vertical cable
receives shots at a distance of 5 km in all directions. This is accomplished by sailing down lines parallel
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to the grid of vertical cables. (Turn around from line to line is only 15 minutes as only the source boat
with its attached array has to make the turn.) This forms a shooting box around the grid of vertical cables,
which extends 5 km outside the vertical cable grid. This makes the operational grid 14 by 20 km.
However, once the shooting boat shoots a line 1 km beyond the first row of vertical cables, the first row
of vertical cables is recovered and re-deployed (see Figure D-1 for details). Cables may be left in place
for hours or days depending upon the size of the survey and operating conditions. Shots are taken every
50 m, and the shot lines are 80 m apart. The source boat uses the same source array as is normally used in
3D streamer surveys. This array is composed of three six-gun sub-arrays with a total volume of
3,090 cubic inches. The largest airgun in the array is a Bolt Long Life 250-cubic inch airgun. Vessel
speed is normally 4.5 kn, and operations are conducted “around the clock.”

Surveys are normally conducted at water depths up to 1,700 m; however, since specially
constructed hydrophones are used, surveys can be conducted in water depths up to 2,500 m.

7.  Vertical Seismic Profile (VSP) Surveys

VSP surveys are surveys where seismic data are recorded from sensors placed in a borehole (i.e., a
hole vertical to the ocean surface or seafloor) with seismic sources deployed in various geometries around
the vertical array of sensors. When the seismic source is placed very near to this vertical array of sensors,
the survey is called a zero offset VSP, or check shot survey. These surveys are commonly used to
correlate geologic data to seismic data. When the seismic source is placed in a series of positions along a
radial line from the vertical array of sensors, the survey is called a walk-away survey. These surveys are
used to obtain information about the nature of the seismic signal as well as more information about the
geology surrounding the vertical array of sensors. Zero offset and walk-away VSP surveys are by far and
away the most common VSP surveys conducted in the Gulf of Mexico. Less common are 3D VSP
surveys, where the source is deployed in an area surrounding the vertical array of sensors. 3D VSP
surveys provide more detailed information in the area surrounding the vertical array of sensors and are
especially beneficial where salt layers stand between the geologic objective and the surface. In some
cases, where salt is present, 3D VSP surveys are the only way to obtain geologic information below the
salt layers.

In all VSP surveys, sensors are lowered down a borehole before production tubing is placed in the
well bore or the well is abandoned. This means time is of the essence since drilling rig time can be very
expensive (as much as $400,000 to $500,000 per day for deep-water drilling rigs). To reduce VSP survey
costs, gun arrays are sometimes run at deeper depths to avoid the effects of weather, and when an airgun
in the array malfunctions, the survey may continue rather than stop to replace the faulty airgun.

The sensors lowered down the borehole can be connected together in strings of 16 to 36 receivers
spaced from 15 m to 150 m apart depending upon the objective of the survey, the contractor conducting
the survey, and the manufacturer of the equipment used for the survey. After lowering the sensor string to
the lowest portion of the borehole to be surveyed, the sensor clamps (lever arms) are activated, which
push the sensors against one side of the well bore to ensure good signal quality. Once all the seismic
signals are recorded at that level, the sensor clamps are retracted, and the sensor string is raised to a new
level where the receiver clamps are reactivated.

The seismic sources used to generate the seismic waves detected by the sensors are the same as
those used in conventional seismic surveys. Zero offset surveys are conducted using a small volume
single airgun suspended by a crane located on the deck of the drilling rig. Walk-away surveys utilize a
work boat with only four to eight airguns. 3D VSP surveys use the same airgun arrays as used for
conventional 2D and 3D surveys. These airgun arrays can vary from 1,000 cubic inches to 5,000 cubic
inches, depending upon the depth of the objective. Two or three arrays are towed behind the source
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vessel. When two arrays are used, the centers of the arrays are from 60 to 80 m perpendicular to the
centerline of the vessel axis. When a third array is added, it is placed between the outside two arrays
(along the centerline of the vessel). Typical airgun array depths are 7 to 10 m below the surface.

One method used to provide 3D coverage is for the source vessel to travel in a spiral track. The
source vessel begins the spiral track at a distance of 200 m from the borehole and keeps the distance
between spirals equal to the number of arrays times the array separation (e.g., two arrays spaced 120 m
apart equals a 240-m track spacing). First, one airgun array will fire, then 12 to 14 seconds later the other
airgun array will fire. At a typical vessel speed of 4.5 to 5 kn, the distance between firings is between
28 and 36 m. The source vessel continues on the spiral out to a distance of up to 9 km. If the borehole
sensor string needs to be raised to another level, the whole procedure is repeated.

Total time spent on VSP surveys depends upon the type of survey, the objectives of the survey, the
cost of the drilling rig, and the equipment used. For a zero offset survey or a walk-away survey, the
survey can take less than a day, in the absence of any serious equipment failures. For a zero offset
survey, the airguns are fired four to eight times for 20 seconds, followed by a 5- to 20-minute quiet time
during which the sensor string is raised; the airguns are fired again for four to eight times for 20 seconds
and so on until the survey is completed. A 3D survey may require up to 10 days to complete; however,
30% of that time may be with the airguns in standby mode.

Recording of VSP data and control of the operation is done on the drilling rig floor. The control
center issues the fire command to the source vessel, and the vessel transmits back the actual firing time as
well as the position (using differential GPS) of the source array.

8.  Multi-Ship Surveys

Multi-ship surveys are an integral part of ocean bottom surveys and vertical cable surveys.
Moreover, in the quest for seismic data recorded greater distances from the source, multi-ship surveys are
becoming more prevalent. Generally, this technique is used to either obtain converted wave data (shear
wave) or to penetrate hard seafloor layers. Two sorts of operations are in use: one 2D and the other 3D.

The 2D operation places two ships, one behind the other, towing single streamer cables at a
distance apart and a streamer length sufficient to record seismic data at distances of 8 to 12 km from the
source. The 3D operation places two ships, one behind the other, each towing multiple (up to 12)
streamers 2,500 m long a sufficient distance apart to record seismic data at distances of 9 km from the
source. In both 2D and 3D surveys, only the lead ship is used as a seismic source boat.

9. Undershooting

Undershooting, where an obstacle stands between the seismic source and the receiver, is used most
commonly in conjunction with ocean bottom surveys. This is because the surveys typically are located in
areas of congestion and the cost is low. Operationally the technique is identical to normal ocean bottom
operations, except the obstructing structure lies between the source boat and the ocean bottom cable.

Undershooting using 2D or 3D streamer cable ships is rare and is required when an obstacle, most
often a production platform, interferes with the routine collection of data in the immediate vicinity of the
obstacle. The usual technique is for one vessel towing a seismic source, and perhaps a streamer cable, to
pass on one side of the obstacle while another vessel towing a streamer cable, and perhaps a seismic
source, passes on the other side of the same obstacle. The energy from the seismic source passes through
the subsurface beneath the obstacle and is recorded by the vessel on the other side of the obstacle, hence
the name “undershooting.” Undershooting using ocean bottom cables as receivers is sometimes necessary
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when the geometric disposition of multiple obstacles is complex. Ocean bottom cable is generally more
expensive than using surface streamers as receivers.

B. DEEP-TOW SIDE-SCAN SONAR SURVEYS

Deep-tow side-scan sonar surveys are conducted in the Gulf of Mexico primarily for engineering
studies involving the placement of production facilities and pipelines. These surveys provide information
on the presence of sand flows, hydrates, and seeps as well as bottom topography (e.g., hard bottom).

Operations are conducted from ships towing cables up to 7 km long, which enables operations in
water depths up to 3,000 m deep. Close to the end of the cable is a 30- to 45-m long section of chain to
keep the sensor package (fish) tracking at approximately 25 to 30 m above the bottom. To do this
requires the chain to drag along the seafloor, causing an approximately 10 cm wide by 15 cm deep (4 inch
wide by 6 inch deep) trench to be cut in the seafloor. In situations where the chain can become entangled
in shipwrecks, well heads, or other obstructions or where reef colonies live, the chain is removed, and the
sensor package is kept above the seafloor by adjusting the length of the tow cable. Maintaining a constant
elevation above the seafloor by adjusting the cable length is very difficult, and the elevation above the
seafloor is somewhat greater in this case.

The sensor package is housed in a fish about 3.6 to 4.3 m long and 1 m in diameter. The sensor
package consists of two sonar devices — one mounted on the port side and the other on the starboard side
of the fish. The sonar devices emit, perpendicular to the fish, 100-kHz pulses with an intensity of 10 kw.
The beam width of each of the sonar sources is 1° to 2°, which combined with the height above the
seafloor of 20 m, yields continuous seafloor coverage. Also included in the sensor package is a 3.5-kHz
(10-kw) pinger for subbottom profiling.

During operations, the ship pulls the cable, chain, and fish along a track, then circles and sails along
a parallel track 300 m from the first. This gives about a 100-m overlap in coverage at the far ranges,
which compensates for fish position errors.

C. ELECTROMAGNETIC SURVEYS

There are two practical electromagnetic techniques applicable to marine surveys, and one technique
that could be applied but has not yet been deployed. The two practical techniques, the magneto-telluric
(MT) and the bi-pole, have been primarily applied in a marine environment in a research mode.
However, the MT technique has seen limited use in the Gulf of Mexico where about 400 stations have
been occupied. There is talk of turning the bi-pole device into a commercial device, but there has been no
action as of this date. The third technique, developed by scientists in Russia, can be applied in a marine
environment but has not yet been tried.

The MT technique was developed by scientists at Scripps Institute of Oceanography (SIO) and a
consortium of major oil companies. In this technique, no electrical currents are induced into the earth, but
the receiver device detects the natural electrical and magnetic fields present in the earth. Ships about
43 m long are used to deploy and retrieve the recording devices. These recording devices are about 1.5 m
high by 1 m on a side and are attached to a concrete anchor about 60 cm on a side, 15 cm high, and
weighing about 136 kg. Also attached to the recording device are four arms sticking out from each side
of the box with an electrode on each end. These arms are about 20 m long and made of 5-cm plastic PVC
pipe. Inside the recording box is a magnetometer and a long term recording device, which allows the box
to remain on the seafloor for days at a time. The recording box is retrieved by using an acoustic pinger
that releases the anchor from the recording box, which then floats to the surface.
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The bi-pole technique was also developed by scientists at SIO. In this technique, two cables, joined
together, with the second cable a few hundred feet longer than the first, are towed around by a ship.
Attached to the end of each cable is a metal cylinder about 3 m long and 0.3 m in diameter. At regular
intervals the ship stops, the cables sink to the bottom, and an electrical signal of about 50 volts and
100 amps is input through the cables and into the seafloor. These electrical signals are detected by
previously deployed receivers 2 to 10 km away from the source and arranged in a linear line or profile.
The receiver boxes are attached to concrete blocks like those used in the MT technique. Inside the
receiver boxes are recording devices, which allow for recording for a few days. When the recording is
finished, an acoustic pinger releases the recording box from the anchor, and the recording box floats to
the surface for retrieval.

The third technique, developed by Russian scientists, relies upon detecting signals from iron pyrite,
produced by chemical changes caused by hydrocarbon gases, percolating from leaky hydrocarbon
reservoirs. The technique has not been applied in a marine environment.

D. GEOLOGICAL AND GEOCHEMICAL SAMPLING

Geological and geochemical sampling is conducted to obtain samples of the seafloor for physical
and/or chemical analyses. Physical analyses are used in engineering studies for placement of structures
such as platforms and pipelines. Chemical analyses (surface geochemical prospecting) are based on the
premise that upward migrated petroleum from deep source rocks and reservoirs can be detected in
near-surface sediments and are used to evaluate exploration potential.

Bottom sampling involves devices that penetrate only a few centimeters to several meters below the
seafloor. Samples of surficial sediments are typically obtained by dropping a piston core or gravity core
(“dart”), essentially a weighted tube, to the ocean floor and recovering it with an attached wire line.
Samples can also be obtained using a grab, which is a device with a jaw-like mechanism, or with a
dredge, which is a wire cage dragged along the seafloor. Shallow coring is done by conventional rotary
drilling equipment from a drilling barge or boat. Penetration is usually limited to the recovery of several
feet of consolidated rock. Usually, a program of bottom sampling and shallow coring is conducted
simultaneously using a small marine drilling vessel (U.S. Department of the Interior, Geological Survey,
1976).

1.  Piston and Gravity Coring

Surface geochemical prospecting is a petroleum exploration technique based on the premise that
upward migrated petroleum from deep source rocks and reservoirs can be detected in near-surface
sediments and used to evaluate exploration potential. In deep-water exploration, a crucial and arguably
the most critical single issue is whether oil has been generated, and if it has, what can be determined,
before making costly decisions, regarding the quality, maturity, and age of the source succession.
Fortunately, since oil and gas accumulations are invariably leaky, surface geochemical exploration (SGE)
can be used to recover and type migrant hydrocarbons in the initial exploration phases.

For the last 15 years, almost all the SGE techniques in the northern Gulf of Mexico have involved
piston coring to obtain sediment samples for the analysis of upward migrated hydrocarbons (Brooks et al.,
1986, 1997; Sassen et al., 1993). The typical piston core is a 6-m long, 7.5-cm diameter pipe with a
910-kg core weight. In some early studies, lighter and shorter gravity cores were used. Over the last
20 years, it is estimated that 10,000 to 15,000 piston and gravity cores have been taken in the northern
Gulf for these SGE studies, primarily in continental slope water depths.
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In gravity coring, wire is paid out from the coring winch at a fairly fast speed, allowing the corer to
hit the bottom with a force proportional to the weight of the corer and the speed at which it is deployed
(the payout speed of the winch). Penetration into the bottom is limited by the sediment type, friction of
the sediment on the outside and inside walls of the core barrel, and the resistance of the water exiting the
top of the core barrel. In contrast, a piston corer uses a “free fall” of the coring rig (independent of payout
speed, and not restricted by trailing wire drag through the water column) to achieve a greater initial force
on impact, and a sliding piston inside the core barrel to reduce inside wall friction with the sediment and
to assist in the evacuation of displaced water from the top of the corer. The core barrel dimensions are
generally 6-m long by 7.6-cm internal diameter by 9-cm outer diameter. Coring at lengths greater than
6 m is possible but not generally conducted for SGE studies.

2. Heat Flow Measurements

Another tool in common use in deep-water exploration is a heat flow probe. Heat flow
measurements serve critical purposes in oil exploration and production. The measured background or
equilibrium heat flow, and measured sediment thermal conductivity provide strict constraints to
geochemical models that determine regional scale maturation of basins with respect to oil and gas. In
addition, area-wide heat flow surveys provide significant geological information on fluid flow from
faults, lineaments, and around structures. Heat flow measurements, in conjunction with seismic and
seafloor geochemical studies, provide a mechanism to assess fault and structural seals and contribute to a
better understanding of regional hydrodynamics and hydrocarbon occurrence.

Heat flow measurements are conducted with a device that looks much like a piston corer. The
device measures both temperature gradient and thermal conductivity in situ over subbottom depth
intervals of up to 6 m. The footprint and impact on the sediments are almost identical to that of piston or
gravity coring.

3. Hydrocarbon “Sniffers”

In the 1970’s and early 1980’s, hydrocarbon “sniffers” were commonly used in SGE exploration to
measure dissolved gases in near bottom waters. These “sniffers” consisted of a deep-water pumping
system that was towed behind the vessel that pumped water to the surface from depths as deep as 150 to
200 m. However, little water column hydrocarbon “sniffing” has been undertaken in the 1980’s and later.
It is an almost obsolete technique because the amount of geochemical information available from the
sediments is much greater than can be found in the water column.

4.  Shallow Coring

Shallow coring is done by conventional rotary drilling equipment from a drilling barge or boat.
Penetration is usually limited to the recovery of several feet of consolidated rock.

E. REMOTE SENSING
1. Radar Imaging

Radar imaging is currently used to detect oil slicks on the sea surface. This is possible because
when the oil molecules reach the sea surface, they form a thin layer that dampens the ocean surface
capillary waves. The detection of oil slicks requires quiet water conditions and consequently is limited by
sea state as well as by satellite position and frequency of coverage. The resolution of the radar images
ranges from 8 to 100 m with a swath width range of 50 to 500 km. The radar satellite orbit is a near polar
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orbit and orbits at an altitude of 798 km. The cycle time for a duplicate orbit is 24 days, but a common
spot on the earth can be revisited every 5 days and surveyed with different viewing parameters. The radar
frequency is 5.3 GHz (5.6-cm wavelength) with a peak power output of 5 kw and an average power
output of 300 watts. The pulse length is 42.0 us. The MMS does not permit nor approve radar imaging
surveys.

2.  Aeromagnetic Surveys

Aeromagnetic surveys are conducted in the Gulf of Mexico to look for deep crustal structure, salt
related structure, and intrasedimentary anomalies. The surveys are flown by twin engine fixed wing
aircraft, typically Cessna 404 or 208, or Piper Aerostar or Navajos. The flight lines are on the order of
400 km long, are at a height of 75 to 150 m above the surface, and are flown at speeds of about
220 km/hr. Flight line spacing ranges from 500 to 800 m apart with cross lines every 2,000 to 3,000 m.
Acquisition rates are on the order of 1,000 to 2,000 km of data per day. The earth’s magnetic field is
measured by either a proton precision or cesium vapor magnetometer mounted in a “stinger” projection
from the tail of the aircraft.

On occasion two magnetometers are used to measure not only the total magnetic field but also the
vertical gradient of the field. This configuration requires the use of two stingers with about a 2-m vertical
separation between them.

Magnetometers can also be towed behind a ship. This usually is in conjunction with a seismic
survey but can be run as a separate survey. The magnetometers towed behind the ship are enclosed in a
“bird” about 1 m long with a diameter of about 15 cm and weight of about 16 kg.

3.  Gravity Surveys

Marine gravity data can be collected with instruments on the seafloor, in boreholes, in ships, or in
helicopters. Originally data were collected on the seafloor, but modern technology has moved the
collection point to ships. Marine gravity meters have, in some cases, been housed in a ship while it is
conducting a seismic survey. However, the preferred method has been to use dedicated ships (about 50 m
long) in order to acquire more precise data. With the advent of GPS navigation systems and larger, more
stable seismic ships, it is now possible to achieve the same order of accuracy with meters placed in
seismic ships as in dedicated ships. Data grids for gravity surveys range from 1.6 km x 8 km to 9.7 km x
32 km.

Helicopter surveys are rare in the Gulf of Mexico because of the logistics required to keep the craft
in the air for extended periods far from shore.

4. Gravity Gradiometry

Measuring the earth’s gravity gradient is now possible with the release of Defense Department
technology. The instrument is housed in a 1-cubic meter box and located in the center of a 60-m survey
ship. In shallow water the ship sails a 0.25-km by 1-km grid, and in deep water, a 1-km by 2-km grid.
Typically, a 20-block area is selected for survey with the ship traveling down a line 12 blocks long,
turning, and traveling back 12 blocks with a spacing between the lines double the final grid spacing. At
the end of the final block, the ship returns to fill in the lines to achieve the final grid spacing. Cross lines
are then sailed in a similar fashion. Using the system and sailing at 11 kn, a ship can survey about
10 blocks per day.
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5. Marine Magnetic Surveys

Marine magnetic surveys measure the earth’s magnetic field for the purpose of determining
structure and sedimentary properties of subsurface horizons. These surveys are usually conducted in
conjunction with a seismic survey, allowing the navigation information to be used for both surveys. The
development of low power digital sensors has allowed the sensor package to be towed behind the seismic
source array, which has greatly improved operational efficiency of magnetic surveys. The sensor is
housed in a cylindrical package measuring approximately 1 m long and 15 to 20 cm in diameter and
weighing about 14 kg. Sensors are typically one of three types — an Overhauser effect sensor, a cesium
vapor sensor, or a proton precession sensor. Presently, the Overhauser effect sensor is the most popular,
while the proton precession sensor is gradually being phased out (Weber, 2001). The electronics package
inside the case contains about 1 L of chemically inert fluid that is non-toxic. The sensor is towed behind
one of the sub-arrays of the seismic source array at distances of 50, 100, or 150 m (behind the array),
although 100 m is the most common. The sensor is towed at a depth of 3 m and makes use of depth
devices mounted on the cable to maintain a constant depth.

F. OTHER TECHNOLOGY
1.  Pingers/Transponders

Pingers and transponders are used in three different ways in G&G operations in the Gulf of Mexico.
First, the devices are used to triangulate and provide precise location of ocean bottom cables. Second, the
devices are placed between an anchor and instrument package to enable recovery of instrument packages
such as vertical cables, and electromagnetic detector packages. Third, the devices are used as an altimeter
to measure height above bottom in deep-tow side-scan surveys. Although three applications are
identified, only two different devices are employed.

The first device, which not only releases instrument packages from a bottom anchor, but also is
used to precisely locate bottom cables, is a recoverable acoustic transponder. These transponders are
designed to work in different depths and hold differing weight instrument packages. When used to
recover instrument packages, an acoustic signal is sent from the recovery vessel to the transponder to
“wake it up.” The transponder signals back with an acoustic pulse signifying it is awake and allowing the
recovery vessel to determine more precisely the location of the transponder. A second signal is sent from
the recovery vessel telling the transponder to release the anchor, thereby allowing the instrument package
to float to the surface for recovery. This entire operation takes less than 30 minutes. When used to
determine the position of a bottom cable, the device is attached to the cable. A survey vessel with
differential GPS equipment wakes up the transponder with a ping, and the device sends back a ping that is
used to echo range to the transponder. The survey vessel activates the transponder from several locations
and is able to triangulate on the transponder and fix its position. Numerous transponders can be used with
each transponder responding to a special “wake up code.” The characteristics of the signal are a
frequency of 7 to 40 kHz (although 10 to 15 kHz is most often used), a pulse length of about 10 ms, and a
source strength on the order of 192 dBre 1 pPa at I m.

The second device is used to determine height from the bottom for deep-tow side-scan surveys.
This device is mounted in the side-scan instrument package. Pings are transmitted from the device every
second and are received by the tow vessel. The difference between the direct arrival and the ping
reflected from the bottom gives the two-way time between the device and the bottom. Dividing this time
by two and multiplying by the water velocity gives the height above bottom of the device. The
characteristics of signals from this device are a pulse length of 2 ms (normally), a frequency of 12 kHz,
and a signal strength of approximately 90 dB re 1 pPa at 1 m.
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II. SEISMIC SOURCES

A. AIRGUNS

Airguns manufactured by either Bolt, Sodera, or Input/Output are the primary (almost exclusive)
sources used in marine seismic surveys. The guns store compressed air in their chambers at 2,000 psi.
The air is quickly discharged through a gun port, creating a pressure pulse and air bubble in the water. As
the bubble travels to the surface of the water, it oscillates in volume, creating other pressure events.
(Note: Appendix C - Introduction to Acoustics and Seismic Surveys provides a further explanation of
sound generated during seismic surveys.) To release more energy into the pressure pulse and offset the
deleterious effects of bubble oscillations on the pressure pulse, multiple airguns with various chamber
sizes are used. These airgun chamber sizes vary from 20 to 380 cubic inches. In some cases, two or three
airguns are placed in a cluster to increase the effective chamber size. Another technique to reduce the
effect of air bubble oscillations is the GI airgun. The GI gun injects air into the bubble after it has formed
to slow its collapse. The individual guns are suspended in the water from a float system referred to as a
sub-array.

Each sub-array contains six or seven individual airguns spaced from 2.5 to 3 m apart, making the
total sub-array length 14 to 17 m long. Typically three (sometimes four) sub-arrays are combined to form
an array. When three sub-array elements are used, the spacing is 8 m between sub-arrays, and when four
sub-arrays are used, the spacing is 12 m. Thus, the overall width of the array is generally 16 to 36 m (see
Figure D-2 for a typical array configuration). The array is towed at a depth of 5 to 7m. For
high-resolution work, the array is towed at a 3 m depth or shallower to improve the high-frequency
characteristics of the pressure pulse. For VSP work, the array may be towed at 10 m to avoid downtime
caused by sea state.

The sound pressure level (SPL) produced by the array is normally calculated at a distance at which
the pressure pulse can be considered to be in the far-field (see Appendix C, Section II.B - Peak Levels
and Peak-to-Peak Levels). The far-field begins at a distance below the center of the array where the
seismic energy from all the sources in the array arrives at close to the same time. This depends on both
frequency and array geometry. The formula for calculating the near-field/far-field distance is: distance
equals frequency times the square of the longest dimension of the array divided by the velocity of sound
in water. For the previously mentioned array, the near-field/far-field boundary is 69 m. The calculated
SPL is normalized by assuming spherical spreading loss back to a point 1 m below the center of the array.
Although this procedure allows comparison of relative energy outputs from different array designs, it
does not represent the actual energy present at the center of the array. In fact, inside the array, the
amplitude will depend upon which airgun is closest to the observation point. In the near-field, the SPL
will be equal to the source strength of the largest airgun in the array minus some spreading loss. See
Table D-1 for airgun source levels. Note in Table D-1 that airgun output data have been processed
through low and high filters (i.e., there is a difference between filtered and unfiltered outputs). When
airguns have significant energy above the filtered frequencies, the measured outputs are significantly
different.

When the SPL is measured, a calibrated hydrophone is deployed (Johnston et al., 1988)
approximately 300 m below the array, in the far-field, and sufficiently above the seafloor to prevent
interference from seismic events reflected from the seafloor. Comparisons between measured and
calculated results are very close (within 5%). Source levels measured and calculated this way are the
source levels published by the various seismic contractors. Generally, the published source levels for
single airguns are no more than 240 dB re 1 pPa at 1 m (zero-to-peak, “0-Pk” in Table D-1). The rms
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Table D-1
Airgun Source Levels
Mt Model Chamber Pressyre Depth  F il‘Fer1 0-Pk Amp 0-Pk Amp . que
' (cu. in.) (psi) (m) (lo/hi-Hz)  (bar-m) (dBrel pPa-m)  (if applicable)
Bolt  2800LLX 20 2000 5 0/1000 1.8 225
2800LLX 20 2000 2 0/1000 1.8 225
2800LLX 30 2000 4 0/512 1.9 226
1900LLX 150 2000 6 0/392 3 230
1900LLX 160 2000 5 0/1000 4.2 232
1900LLX 160 2000 5 0/128 2.05 226
1900LLXT 160 2000 5 0/128 2.25 227
1500LL 195 2000 4 0/128 2.5 228
1500LL 195 2000 5 0/1000 4.1 232
1500LL 195 2000 5 0/128 2.6 228
1500LL 200 2000 5 0/1000 4.1 232
1500LL 300 2000 6 0/392 4.35 233
1500LL 460 2000 5 0/1000 5 234
1900LL 2x40 2000 5 0/1000 3.8 232
1900LL 2x100 2000 5 0/1000 5.6 235
1500LL 2x200 2000 5 0/128 4.6 233
1500LL 2x200 2000 5 0/1000 7.6 238
1900LL 3x40 2000 5 0/1000 5 234
1900LL 3x40 2000 5 0/128 2.4 228
1900LL 3x100 2000 5 0/1000 7.2 237
1900LL 3x100 2000 5 0/128 4.25 233
1500LL 3x200 2000 5 0/128 6.1 236
1500LL 3x200 2000 5 0/1000 10.5 240
Sodera S15 2000 0.22 0/1000 1.5 224 Water Gun
G 150 2000 6 0/128 2.45 228
G 2x250 3000 5 0/128 7.3 237
G 2x250 3000 5 0/128 6.5 236
GI 150 2000 6 0/128 1.85 225 Harmonic Mode
GI 150 2000 6 0/128 1.95 226 GI Mode
GI 90 2000 6 0/128 1.5 224 Harmonic Mode
GI 90 2000 1.5 0/1000 2.8 229 High Resolution
GI 90 2000 1.5 0/256 1.7 225 High Resolution
GI 210 2000 6 0/128 2 226 Harmonic Mode
GI 2x(45+105)* 2000 6 0/256 4.3 233 Deep Penetration
GI 2x(45+105) 2000 6 0/128 3.5 231 Deep Penetration
Sodera  Mini-G 2x60 3000 1.5 0/1000 5.7 235
Mini-G 12 2000 1.5 0/1000 1.4 223
Mini-G 12 2000 1.5 0/256 0.8 218
Mini-G 12 3000 1.5 0/1000 1.8 225
Mini-G 12 3000 1.5 0/256 1.1 221
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Table D-1
Airgun Source Levels
(Continued)
M. Model Chamber Presspre Depth Fil‘g&:r1 0-Pk Amp 0-Pk Amp . que
(cu. in.) (psi) (m) (lo/hi-Hz)  (bar-m) (dBrel pPa-m)  (if applicable)
Mini-G 24 2000 1.5 0/1000 1.7 225
Mini-G 24 2000 1.5 0/256 1.1 221
Mini-G 24 3000 1.5 0/1000 2.3 227
Mini-G 24 3000 1.5 0/256 1.4 223
Mini-G 40 2000 1.5 0/1000 2 226
Mini-G 40 2000 1.5 0/256 1.3 222
Mini-G 40 3000 1.5 0/1000 2.6 228
Mini-G 40 3000 1.5 0/256 1.7 225
Mini-G 60 2000 1.5 0/1000 22 227
Mini-G 60 2000 1.5 0/256 1.6 224
Mini-G 60 3000 1.5 0/1000 2.9 229
Mini-G 60 3000 1.5 0/256 2.1 226
Mini-GI 40 2000 1.5 0/256 1.1 221

' Filter is the filter applied to the signal prior to recording the signal on digital tape (i.e., prior to measurement of

the pulse amplitudes).

* Indicates two guns in a cluster, each with a total volume of 150 cubic inches (i.e., generator volume = 45 cubic
inches; injector volume = 105 cubic inches).
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source level is 10 dB less or 230 dB re 1 pPa at 1 m. The rise time of the pulse is on the order of 2 ms or
less from the first onset to the first peak.

The spectral content of the airgun pressure pulse is dependent upon the number, geometrical layout,
and volumes of the individual airguns as well as the depth at which the airgun/airgun array is towed. The
primary characteristic of the amplitude spectrum is a series of notches (see Figure D-3), which are
dependent upon the depth the array is towed. The lowest frequency notch occurs at a frequency that is the
inverse of the travel time from the airgun to the surface to the airgun. (For example, for a tow depth of
7.65 m and a water velocity of 1,506.9 m/s, the travel time is 7.65 x 2/1,506.9 = 0.010 sec, or a frequency
of 100 Hz). Subsequent notches occur at uniform intervals in the amplitude spectrum. Sound at the
frequencies of notches is thus greatly attenuated and may not penetrate the seafloor. The spectrum will
usually have significant energy at 10 Hz, reaches its peak frequency about 50 Hz, and falls off roughly at
0.06 dB/Hz to 50 dB down at 900 Hz.

Although the typical pressure in the airgun is 2,000 psi (1.38 x 10’ Pa), the pressure can be
increased to 3,000 psi (2.07 x 10" Pa) in some models of airguns, which increases the amplitude of the
primary pressure pulse by 50%.

Airgun arrays are directive, as can be seen in Figure D-4 (i.e., broadside [a] and inline
[b] directivity). Arrays are designed to focus the energy from the airgun array down toward the seafloor
and attenuate the energy directed toward the streamer cables. If one chooses a frequency of 60 Hz (which
is about the peak of the amplitude spectrum for a typical array; see Figure D-3 for the purpose of
illustration), then one can simplify, somewhat, the array effects of the array. For example, for energy
propagated directly forward and backward from the array along the water surface (+90° in
Figure D-4[a]), the attenuation of the seismic energy pulse is approximately 60 dB. For energy
propagated at an angle of 30° below the surface, the attenuation is about 20 dB. For energy propagated
perpendicular to the array along the water surface, the attenuation of the seismic energy pulse is again
approximately 60 dB (Figure D-4[b]), while for energy directed 30° below the surface, the attenuation is
also about 20 dB. For the purposes of determining where the sound reaches a specific level (e.g.,
180 dB), one can conservatively use 20 dB to account for the “array effect.” At a distance of 200 m from
the array center that would be a depth of 100 m, plus a tow depth of the array of 10 m gives a total depth
of 110 m. Therefore, at water depths above this surface, the seismic energy is attenuated at levels of
20 dB or greater (Hrvoic, 1999). IAGC has noted that the array effect is more pronounced at higher
frequencies. Nevertheless, use of 20 dB for the nominal array effect in the horizontal direction remains
conservative. Additional discussion of the array effect is provided in Appendix C, Section IV - Polar
Properties of Airgun Arrays in the Environment.

B. HIGH-RESOLUTION AIRGUNS

Airguns used in high-resolution site surveys are manufactured by Seismic Systems Inc. (Sodera)
and are its GI series guns. The GI series guns are made up of two guns within the same casing. One gun,
the generator, is fired, creating the primary pulse and an air bubble. The second airgun, the injector, is
fired into the bubble when the bubble encompasses the ports of the injector gun, which injects air into the
bubble produced by the generator. This allows for better control and suppression of the water bubble
oscillations. GI airgun volumes for high-resolution work are typically 90- to 150-cubic inches (90 cubic
inches is one 45-cubic inch generator gun and one 45-inch injector). Output from a 90-cubic inch airgun
is about 229 dB re 1 pPa at 1 m with a spectral content from 40 to 300 Hz (6 dB down points from peak at
130 Hz). Output from the 150-cubic inch cluster (one 45 cubic inches + one 105 cubic inches) GI airgun
is 226 dB re 1 pPa at 1 m (high cut filter at 128 Hz). Airgun pressures are typically 2,000 psi, although
they can be used at 3,000 psi for more output. For 3D high-resolution work, a tri-cluster of 8- to 10-cubic
inch GI airguns is used.
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(a) Source Directivity Plot - Azimuth: 90.0 degrees - Array 1
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(b) Source Directivity Plot - Azimuth: 0.0 degrees - Array 1
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Figure D-4. Source directivity plots showing attenuation (a) broadside to and (b) inline with a
seismic array.
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C. WATER GUN SOURCES

Water gun sources have been used in the past when exceptionally high frequencies are desired to be
recorded. Water guns are rather small with a length of 546 mm, width of 152 mm, and weight of 13 kg.
Water guns use compressed air as do airguns, but instead of releasing the air into the water, the
compressed air is used to propel a water jet that creates vacuum cavities, which when imploded by the
surrounding hydrostatic pressure, emit a strong, bubble free, high frequency pulse. A typical signature
has a source strength of 224 dB re 1 uPa at 1 m (zero-to-peak) and a spectrum with maximum amplitude
at around 1,000 Hz, with -6 dB points at 380 and 2,250 Hz. Because of the superior performance of the
generator and GI guns (see Section IL.A. - Seismic Sources, Airguns of this appendix and Table D-1),
the water gun is being phased out.

D. VIBROSEIS

Vibroseis sources in a marine environment are rarely used. Marine vibrators rely on changes in
volume created by differential displacement over a period of time rather than one explosive moment. One
system was developed by Seismograph Service Co. and deployed in the early 1970’s, and a second
system was developed by Industrial Vehicles Inc. in the 1980°s and deployed in the mid-1980°s through
the mid-1990’s. The second system was used in the North Sea and saw limited use in the Gulf of Mexico.

There are few published details on this second marine vibrator system. One test of the marine
vibrator source was conducted in Seneca Lake in New York. In that test they found the energy level of a
vibrator emitting a single 8- to 120-Hz sweep with fixed amplitude control was comparable to a 750-cubic
inch airgun with a modeled output of 24-Bar-m (247 dB re 1 pPa at 1 m) through a high cut filter of
125 Hz (Smith and Jenkerson, 1998). This high output seems hard to believe (e.g., output expressed as
peak to peak; zero-to-peak would be 6 dB less), and actual data would have to be checked before using
this figure. In a later test in the transition zone offshore Louisiana, a four-vibrator array output was
223 dB re 1 pPa at 1 m, which seems a more likely level. This output, one would assume, is the total
energy output of the vibrator and not the distributed output over the sweep length.

Since the vibrator source emits vibrations for a nominal 10 s then is off for 7 s or more, the signal is
continuous rather than impulsive. To compare a vibroseis signal on a one-to-one basis, one would have to
take the sum of squares of the vibroseis sweep amplitudes and divide by the length of the sweep and
compare that to the sum of squares of the airgun impulse divided by the time duration of the airgun pulse.
This ratio would compare the powers of each source. When such data become available, this comparison
should be made.

ITII. SEISMIC DETECTOR SYSTEMS

A. STREAMER CABLES

Towed streamer cables are used to house the hydrophones, which record the seismic signals
initiated by the seismic source. In a typical scenario, 12 streamer cables, normally 100 m apart, are towed
at a depth of 7 to 10 m behind the ship for 3D surveys; only one cable is towed for 2D surveys. The
number of streamer cables varies depending upon ship size and streamer technology. The cables are on
the order of 4 to 8 km long, are 50 to 70 mm in diameter, and are made up in sections 75 to 100 m long.
Contained within these sections are 6 to 8 groups of hydrophones to detect the seismic energy and a
kerosene-like fluid for cable buoyancy. Normally, each section contains roughly 100 to 200 L of fluid.
Breaks in the cable are rare and usually occur when currents whip the cables around some installation
such as a producing platform. Fish bites from large fishes may also occasionally puncture towed streamer
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cables. When a break does occur, it is only for one section of cable, and the released fluid evaporates
rapidly. Newer cables do not contain buoyancy fluids but instead are filled with a polymer for flotation
so cable breaks do not result in a loss of fluid.

The number of streamer cables, their separation, and their length cover an area immediately below
the sea surface known as its footprint. For example, a ship towing five streamers, 8 km long with each
streamer separated from the other by 100 m leaves a footprint of 3.2 square kilometers. Footprints can be
as large as 8 square kilometers and as small as 2 square kilometers.

As the cable travels through the water, it is subject to mechanical vibrations (strumming) and flow
noise as well as environmental effects such as sea state and background noise. With a group sensitivity of
14 to 20 volts per bar, noise levels on the cable can be as high as 12 micro-bars but are usually on the
order of 1 to 4 micro-bars. Of course, the noise levels are higher on the groups closest to the ship. Noise
levels are routinely measured at the beginning and end of each line.

B. OCEAN BOTTOM CABLES

Ocean bottom cables are designed to lie on the ocean bottom rather than be towed behind a ship.
The main difference between the (fluid filled) streamer cables and bottom drag cables is the lack of
enclosed fluid for buoyancy, since the bottom drag cables sit on the bottom. These solid cables are 4 to
5 cm in diameter and come in 2,500-m sections. The sensors are plugged into the cable, wrapped with
tape, and sealed with silicone gel.

The hydrophone sensors, used with bottom drag cables, have (until recently) limited the depth of
operations for these cables to about 180-m water depth. However, new technology has been developed
that allows bottom cables to be deployed at depths up to 2,500 m or more. This technology involves
newly designed hydrophones, geophones, and capsules, the latter of which enclose the hydrophone and
geophone. New hydrophones use a large area, cylindrical, piezoelectric crystal that allows the crystal to
expand and contract in response to pressure variations. The wall of the cylindrical capsule serves as a
pressure diaphragm for the outer wall of the piezoelectric cylinder to which it is coupled. The inner wall
of the piezoelectric crystal is air-backed and free to contract. The pressure variations from outside the
capsule are thus transferred to the piezoelectric crystal, producing a piezoelectric signal proportional to
the pressure variations outside the capsule. The new geophones use three, mutually perpendicular, long
throw coils that are specially constructed. A long throw of the coil surrounding the magnet is required to
enable the geophone to respond, regardless of the orientation of the geophone axis. Sensors inside the
capsule measure angle of tilt of the capsule, but the exact orientation of the geophone must be determined
by recording seismic waves from a known source location. Typically, the sensors and the transmission
cables are bundled together. This requires analog converters and telemetry electronics to be included in
the capsule. The capsules are linked together with special armor wrapped cable to withstand the pressures
at 2,500 m, and constructed to support its own weight and survive the demands of deployment and
retrieval. It is noteworthy that, as these systems are deployed at deeper water depths, both the physical
demands upon the system and the concern for the integrity of the system increase.

C. HIGH-RESOLUTION STREAMER CABLES

Teledyne analog streamer cables are used for high-resolution work. The clusters of hydrophones
are spaced 12.5 m apart. The streamer cables are filled with fluid for buoyancy and are towed at a depth
of 3 m, although in calm water conditions the cables can be towed at 1.5 m.
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D. VERTICAL CABLES

Vertical cables used by the exploration industry were originally developed by the Navy as passive
listening devices. Each consists of an active section and lead-in section. At the bottom of the active
section are a 680-kg steel weight and a transponder for locating the position of the cable. In the active
section are 16 specially designed hydrophones at 25-m intervals, which makes the active section 375 m
long from first to last hydrophone. At the top are buoyant floats to keep the cable as vertical as possible.
Attached also to the top of the active section is the lead-in section leading to the surface recording
package.

IV. SHIPS

A. GENERAL

Most ships used on seismic surveys are of modern construction (usually built in Norway) and have
the latest safety and communications equipment on board. Since the ships are used for seismic work, they
use the very latest propeller designs to ensure low noise generation by the ship. In addition, the diesel
electric engines commonly used are very efficient, with low gas emissions from the stack. In most cases
the actual gases emitted are measured by the manufacturer at the time of installation and are re-measured
during scheduled maintenance. Some ships have continuous monitoring of smoke stack emissions.

B. 3D OPERATIONS

Ships used for 3D seismic streamer work in the Gulf of Mexico are usually on the order of 80 to
90 m long with a beam of 10 to 20 m and a gross tonnage of about 4,000 tons. Some of the larger ships,
like the Ramform type, are 86.2 m long, 39.6-m beam, with a gross tonnage of 9,000 tons. Other large
ships like the Geco Beta are 92.3 m long, 19.6-m beam, with a gross tonnage of 4,404 tons. A typical
ship size would be 85 m long, 20-m beam, with a gross tonnage of 6,354 tons.

C. 2D OPERATIONS

Ships used for 2D seismic streamer work, although rare, are usually smaller ships, although a ship
outfitted for 3D work can do 2D work as well. A typical ship size is length 70 m, beam 18 m, with a
gross tonnage of 1,573 tons. Both 3D and 2D streamer work are conducted at ship speeds of 4 to 5 kn
(typically 4.5 kn). Since streamers are routinely retrieved at the end of a project, cruise speeds between
projects are considerably higher and are about 12 to 14 kn.

D. OCEAN BOTTOM CABLE OPERATIONS

Ships used for ocean bottom cable work are even smaller, with lengths of 67 m, 14 m-beam, and a
gross tonnage of 1,771 tons. Although streamer work can be done with one vessel, ocean bottom cable
work requires the use of up to six ships (i.e., one shooting; one recording; two cable layout/pickup; two
smaller, all purpose boats for trouble shooting, survey, etc.)

E. HIGH-RESOLUTION OPERATIONS

Ships used in high-resolution operations are generally smaller vessels, as the equipment used is less
complex than that used in the normal seismic 2D and 3D surveys. Ships are generally 37 to 47 m long,
with the longer ships used for the 3D high-resolution work. The ships are designed to be ultra-quiet as
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the higher frequencies used in high-resolution work are easily lost in the noise if special attention is not
paid to keeping the ships quiet.

F. VERTICAL CABLE OPERATIONS

Two identical ships are used in vertical cable operations. These ships are 60 to 80 m long with a
14 to 16-m beam.

V. LEVEL OF ACTIVITY

A. CHARACTERIZATION OF ACTIVITY

Although gravity, magnetic, and electromagnetic surveys are conducted in the Gulf of Mexico, by
far the greatest activity is seismic data acquisition. The principal seismic technology is 3D seismic, using
either streamers or bottom cables. Time-lapse (4D) surveys are becoming more frequent as the
technology for analyzing the data is developed. Four-component (4C) seismic surveys conducted with
bottom cables and vertical cable surveys are in their infancy.

In developing a level of activity, only the seismic techniques are considered, as they are the main
focus of the environmental analysis in this PEA. The number of lease blocks surveyed is one measure of
activity. Seismic survey activity is typically measured by the number of active “crews.” Each crew is a
complete entity with the ability to collect seismic data. Crews can be ships towing streamer cables, or a
fleet of ships collecting either bottom cable or vertical cable seismic data. For the purposes of describing
the level of activity, the period from 1988 to the present adequately characterizes the recent level of G&G
activity in the Gulf of Mexico.

Another measure of activity is permits issued by MMS for 3D seismic surveys. While permits do
not cover seismic surveys conducted under lease terms, most 3D seismic surveys are conducted under
permit. Permit records for proposed 3D seismic operations from 2002 to date (August 2003) were
reviewed by MMS. A summary of 3D seismic survey, by permit, is outlined in Table D-2 and
graphically depicted in Figures D-5 and D-6. There is considerable variability in the size and location of
3D surveys conducted in the Gulf of Mexico, with most seismic activity occurring in the Central Planning
Area, whether in shallow (<200 m) or deeper waters (>200 m).

While it is of interest to project future levels of G&G seismic activity in the Gulf of Mexico, such
predictions must be viewed as gross approximations because many factors influence activity levels, as
detailed below. For the purposes of this analysis, recent trends in permitting levels were evaluated,
current driving factors considered, and estimates of future survey activity projected.

B. FACTORS DRIVING ACTIVITY
1. Economics

The price of oil and natural gas is the predominant driver for exploration activity. Prices for oil are
determined on the world market and are primarily set by the Organization of Petroleum Exporting
Countries (OPEC). Over the period from August 1985 to May 2003, the closing futures price of Light
Sweet Crude Oil has varied from a low in 1998 of $11.21 per barrel to a high of $36.09 per barrel in 1990
(Haver Analytics, written comm., 2003). Over a 10-year period from October 1988 to December 1998,
the price of oil began at a low of $11.63 and rose gradually to an average price of about $20 (with one
spike at $36.09 in October 1990), then declined to another low of $11.21 in December 1998. Since then,



Summary of 3D Seismic Survey Activities Throughout the U.S. Gulf of Mexico Outer Continental Shelf from January 2002 through August 2003,
as Compiled from Minerals Management Service (MMS) Permit Records (From: R. Brinkman, MMS, oral comm., 2003)

Table D-2
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Tracklines Lines Miles (and Percentage) by Survey, Water Depth, and Planning Area (PA)
Permit Number Covered Shallow (<200 m) Deep (>200 m)
[line miles (km)] Western PA Central PA Eastern PA Western PA Central PA Eastern PA
2002 Permits
L02-001 9,150 (14,722) - 458 (5) - - 8,692 (95) -
L02-007 24,900 (40,064) - - - - 22,410 (90) 2,490 (10)
L02-008 6,050 (9,734) - 6,050 (100) - - - -
L02-016 2,800 (4,505) - - - - 2,800 (100) -
L02-019 5,850 (9,413) - - - - 5,850 (100) -
L02-027 9,350 (15,044) - 9,350 (100) - - - -
L02-039 22,500 (36,202) - - - - 13,500 (60) 9,000 (40)
L02-049 2,100 (3,379) - 420 (20) - - - 1,680 (80)
L02-054 3,900 (6,275) - - - - 3,900 (100) -
L02-057 4,250 (6,838) - - - - 4,038 (95) 212 (5)
L02-058 14,700 (23,652) - 4,410 (30) - - 10,290 (70) -
T02-001" 8,000 (12,872) 200 (2) - - 7,800 (98) - -
T02-002 11,450 (18,423) - - - 11,450 (100) - -
T02-007 2,800 (4,505) - - - 2,800 (100) - -
T02-009 800 (1,287) - - - - 800 (100) -
T02-018 1,000 (1,609) 1,000 (100) - - - - -
T02-022 15,400 (24,779) - - - 15,400 (100) - -
Total Tracklines (2002) 145,000 (233,305) 1,200 20,688 0 37,450 72,280 13,382
[miles (km)] (1,931) (33,287) 0) (60,257) (116,299) (21,532)
% of Total, 2002 0.8 14.3 0 25.8 49.8 9.2
2003 Permits
L03-001 1,400 (2,253) - 1,400 (100) - - - -
L03-007 5,650 (9,091) - 5,650 (100) - - - -
L03-008 16,150 (25,985) - 4,845 (30) - - 11,305 (70) -
L03-012 800 (1,287) - - - 800 (100) - - 2
L03-013 6,300 (10,137) - - - - 6,300 (100) - E
L03-028 9,950 (16,010) - - - - 9,950 (100) - %
)



Table D-2

Summary of 3D Seismic Survey Activities Throughout the U.S. Gulf of Mexico Outer Continental Shelf from January 2002 through August 2003, §
as Compiled from Minerals Management Service (MMS) Permit Records (From: R. Brinkman, MMS, oral comm., 2003) S
(Continued) =
)
Tracklines Lines Miles (and Percentage) by Survey, Water Depth, and Planning Area (PA)
Permit Number Covered Shallow (<200 m) Deep (>200 m)
[line miles (km)] Western PA Central PA Eastern PA Western PA Central PA Eastern PA
L03-029 4,650 (7,842) 1,860 (40) - - 2,790 (60) -
T03-002 7,750 (12,470) - - - 7,750 (100) - -
T03-003 3,850 (6,195) 3,850 (100) - - - -
T03-007 2,350 (3,781) 2,350 (100) - - - - -
Total tracklines, 2003° 58,850 (94,690) 2,350 17,605 0 8,550 30,345 0
[miles (km)] (3,781) (28,326) (0) (13,757) (48,825) (0)
% of Total, 2003 - 4.0 29.9 0 14.5 51.6 0

! Same permit as T03-002; continuation of permit from 2002 into 2003; estimated line miles/line kilometers adjusted accordingly.
? 3D permits through August 2003.
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Figure D-5. Location of 3D seismic surveys permitted by the Minerals Management Service in the Gulf of Mexico, 2002.
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Figure D-6. Location of 3D seismic surveys permitted by the Minerals Management Service in the Gulf of Mexico, through

August 2003.

d xipuaddy

6c-d



D-30 Appendix D

there have been two peaks (i.e., one in November 2000 at $34.16, a second in February 2003 at $35.78)
interspersed with a low of $19.53 in December 2001. Most recently (May 2004), the price of oil has
reached historic high levels of around $40 per barrel. The general trend seems to be prices increasing
over the next few years.

The price of gas is less dependent upon the world market, as gas is usually delivered from field to
market by gas pipelines. Gas prices have shown a gradual increase during the decade of the 1990°s from
a price of about $1.80 per million British thermal units (MMBTU) (closing futures price New York
Mercantile Exchange [NYMEX]) to a price of about $2.70 per MMBTU in December 2001 (Haver
Analytics, written comm., 2003). One price spike occurred during that time in December 2000 when the
price rose to $8.32 per MMBTU. Recently (June 2003), prices seem to be on another rise; however no
trend in prices can be discerned. During the projection period, relatively short term price spikes for
natural gas may be expected to occur (e.g., as occurred during winter 2000-2001), and the price can be
expected to increase over the levels in the 1990’s.

This oil and gas price scenario assumes a relatively stable economic environment over the long
term with regard to oil and gas producing prices. Offsetting this optimism is the current oversupply of
marine seismic vessels for exploration for new and exploitation of discovered fields, and the economic
viability of the seismic contracting business. This has caused some vessels to sit idle, and profits for
geophysical exploration companies to become elusive. Some reduction in vessel capacity will occur
along with potentially drastic reductions in crew size (see Section III.V.C. - Correlation of Factors to
Activity of this appendix).

2.  Geography

Oil and gas exploration on the continental shelf of the northern Gulf of Mexico is in a mature state,
although large discoveries are expected in deeper waters. From a seismic exploration view, about
900 blocks in the Western and Central Planning Areas have not yet been surveyed with 3D seismic
techniques (R. Brinkman, MMS Gulf of Mexico OCS Region, oral comm., 2003). For the purpose of this
analysis, several factors were considered in the development of activity level projections. Annual survey
activity levels during the past several years were considered (i.e., 1993-2002), as well as the number of
permits issued through August 2003. On the basis of trends evident in the past several years, it has been
assumed that remaining blocks would most likely be surveyed over the next several years, with a gradual
tapering off of activity. Resurveying of blocks has also been integrated into the projections. It is assumed
that a lower level of new seismic survey activity will occur in the Eastern Planning Area relative to the
remaining two Planning Areas (i.e., the vast majority of survey activities are expected in the Central and
Western Planning Areas). Industry interest in the Eastern Gulf has historically been limited to the
westernmost portions of the planning area (e.g., Destin Dome 56 Unit; Lease Sale 181 area).

3.  Technology

The development of new technology has been a key factor in continuing new seismic activity.
Technology improvements to the 3D method are expected to cause previously surveyed blocks to be
resurveyed. In the past, improvements in technology have caused resurveying at approximately 8-year
intervals and reprocessing of data every 5 years. However, current economic conditions have caused
seismic contractors to decrease their investments in new technology. Indeed, these contractors are
reducing the number of crews in order to reduce cash flow. Because of these events, new technology will
take longer to come into the mainstream, and the resurvey time will be on the order of 10 to 15 years. 4C
bottom cable and vertical cable surveys will also be done over older 3D surveys in order to collect
additional or new information. Time lapse surveys will be done over existing fields. On occasion, these
time lapse surveys will be 4C.
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C. CORRELATION OF FACTORS TO ACTIVITY

The economic factor will be the most important driving factor over the next several years, an
assumption based on the relative stability or instability of oil and gas prices and the economic health of
the exploration industry. Over the past 10-12 years, periods of relative price stability have been
interspersed with rapid fluctuations due to regional and worldwide instabilities and conflicts. The oil and
gas pricing scenario assumes a relatively stable economic environment over the long term. The
geographic factor is projected to cause the survey of blocks of interest in the Gulf of Mexico that have not
been surveyed. On the basis of a review of permit history and MMS consultation, it has been estimated
that 900 blocks remain to be surveyed; such new surveys are expected to occur between 2004 and 2008,
with highest activity levels expected in the near term. Technology will be the driving factor that will
require each block (i.e., each block already surveyed) to be re-shot with a new survey using either
streamer cables, water bottom cables with hydrophones and vertical geophones (2C), water bottom cables
with 4C, or vertical cables. Normally, new technology would prompt the resurveying of blocks with an
approximate 8-year delay, but with the decrease in investment in new technology, that period should
expand to approximately 14 years. All blocks without production will likely be resurveyed; those with
production will most likely be resurveyed with time lapse surveys. Adding these two numbers together
(newly surveyed and resurveyed blocks) gives the number of blocks available for crew activity. This
figure varies from 1,041 in 2003 to 6,520 blocks in 2011. The numbers of lease blocks surveyed since
1988 and the numbers of seismic crews working are presented in Table D-3.

The methodologies used to compile Table D-3 included

e Line miles surveyed were derived from the MMS database;
Actual blocks surveyed also were provided via the MMS database;
e Estimated blocks surveyed were calculated by
- dividing line miles by actual blocks surveyed during the period 1992 — 1996;
- assuming an estimate of 230 line miles per block; and
- dividing line miles by 230 to get estimated number of blocks.
¢ Estimated blocks remaining to be surveyed were calculated by
- using original MMS estimate of 1,800 blocks, with 900 blocks being surveyed in 2001 and
2002; and
- assuming that 900 blocks were surveyed in 2001 and 2002, leaving 900 blocks remaining to
be surveyed over a 6-year period.'
e First repeat survey has been extended to 14 years because the technology has not improved at
the rapid pace displayed in the 1990’s and the economic condition of the contractors is poor.
e “Total blocks” represents the sum of estimated blocks surveyed, remaining blocks to be
surveyed, and numbers of blocks in the first repeat survey.
e “Actual crews total,” 3D and 2D were obtained from World Geophysical News.
Estimated number of 3D crews was calculated based on
- using an estimate that 3D surveys were 10 times as efficient as 2D crews in covering a
given area, implying that 90% of the blocks surveyed were done by 3D crews;
- using total blocks, multiplying by 0.9 to get estimate of the number of blocks surveyed by
3D, then multiplying that number by .009 (i.e., crew efficiency); and
- calculating crew efficiency by dividing crews by 0.9 total blocks for the years 1994-1999,
resulting in a median value of .0097 and an average value of .0088. Analyst selected an
average value between these two, or 0.009.

! On the basis of earlier survey activity levels, it has been estimated that approximately 230 line miles were covered per block.
With the evolution of G&G survey operations and considering that 6 to 12 streamers are deployed during a 3D survey covering
a breadth of 600 m (1,968 ft) or more, a total of eight transects is currently completed per block (24 line miles). MMS
estimated future seismic activity, assuming that 16 transects were completed per block, equivalent to ~48 line miles per block,
an estimation based on navigation plots from actual surveys. This estimate has been rounded up to 50 miles of survey transects
per block.



Table D-3
Lease Blocks Surveyed' and Numbers of Seismic Crews under the Proposed Action

Actual Estimated Crews
Year  Line Miles® Blocks Blocks MMS Blocl( s Repeag Total Blocks Crews Total® Crews Crews 2D 2D Crews 3D Crews Total
3 Surveyed Blocks 3D (est.) (est.)
Surveyed Surveyed (est.)
1988 193,089 - 841 841 - 841 - -- - -- - -
1989 187,402 - 816 816 - 816 - - - - - -
1990 369,540 - 1,610 1,610 - 1,610 31 - - - - -
1991 363,259 - 1,583 1,583 -- 1,583 25 -- - -- -- --
1992 384,435 1,825 - 1,825 -- 1,825 21 -- - -- -- --
1993 641,514 1,913 -- 1,913 - 1,913 23 -- - -- -- --
1994 566,142 2,488 -- 2,488 - 2,488 31 21 10 -- -- --
1995 636,824 3,112 -- 3,112 - 3,112 34 29 5 - -- -
1996 637,311 3,045 -- 3,045 - 3,045 32 28 4 - -- -
1997 - 6,520 - 6,520 - 6,520 37 30 7 - - -
1998 - 5,183 - 5,183 - 5,183 50 38 9 - - -
1999 -- 3,612 - 3,612 -- 3,612 41 33 8 -- -- --
2000 -- 3,003 - 3,003 -- 3,003 15 8 7 - -- --
2001 -- 3,648 - 3,648 - 3,648 17 8 9 - -- --
2002 -- 3,698 - 3,698 841 4,539 15 6 9 - -- --
2003 - - -- 225 816 1,041 - - - 8 8 16
2004 - - - 225 1,610 1,835 - - - 8 15 23
2005 - - - 113 1,583 1,696 - - - 8 14 22
2006 - - - 113 1,825 1,938 - - - 8 16 24
2007 -- -- -- 112 1,913 2,025 -- -- - 8 16 24
2008 -- -- -- 112 2,488 2,600 -- -- -- 8 21 29
2009 -- -- - -- 3,112 3,112 - -- - 8 25 33
2010 -- -- - -- 3,045 3,045 - -- - 8 25 33
2011 - - - - 6,520 6,520 - - - 8 53 61
2012 - - - - 5,183 3,270 - - - 8 42 50
2013 - - - - 3,612 3,612 - - - 8 29 37
2014 - - - - 3,003 3,003 - - - 8 24 32
2015 -- -- -- -- 450 450 -- -- -- 8 4 12

o w s W

Tabular data represent prelease survey activity levels only; data are unavailable for postlease surveys or other surveys (e.g., pipeline rights of way, scientific research).

Records maintained by MMS (Gulf of Mexico OCS Region) during 1988-1991 were in line miles only regardless of whether the survey was 2D or 3D; during 1992-1996, both line miles and number
of blocks surveyed were also recorded, allowing for calculation of blocks/mile. After 1996, only blocks are recorded regardless of survey type (2D, 3D). Line miles of data collected are equal to the
length of transects surveyed times the number of streamers. For example, a survey of one mile transect distance by a ship towing six streamers results in 6 line miles of data collected.

Estimated blocks surveyed during the period 1988-1991 based on line miles traveled and blocks/mile data (for the period 1992-2002).

Projections (beyond 2002) are approximations based on the number of remaining unsurveyed blocks (900).

Repeat blocks represent those blocks to be resurveyed.

The term “crews” refers to a seismic data acquisition operation. In most cases, it represents a ship towing streamer cables, but can represent multiple ships (e.g., bottom cable surveys; vertical cable
surveys). Crew statistics courtesy of IHS Energy Group, World Geophysical News.
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e 2D crew levels were kept constant at eight crews due to 1) evidence that a number of
individuals are getting into the contracting business using 2D crews and less expensive boats,
and 2) the number of 2D crews appeared to remain relatively constant from 1997 to 2003.

A simplified trend analysis was also used to project the number of seismic surveys expected in the
foreseeable future in the Gulf of Mexico, as outlined in Table D-3. Recent historical survey activity was
considered, as were the number of unsurveyed blocks and projected resurvey activities (i.e., estimated
14-year resurvey cycle). Historical activity levels were derived from MMS permit application records
and are graphically presented in Figures D-7 through D-12. Figures D-7 and D-8 depict 2D seismic
activity levels for pre-1990 and 1990 to present, respectively. In both figures, surveys completed in water
depths <200 m in the Western Gulf Planning Area and most of the Central Gulf Planning Area are not
shown, as noted. With the initiation of permit tracking within MMS in the early 1990’s, coupled with
industry movement towards 3D seismic activity, areal coverage by lease blocks became easier.
Figures D-9, D-10, and D-11 depict prelease 3D seismic survey activity in the Gulf of Mexico during the
periods 1993-1995, 1996-1998, and 1999-2001, respectively. A composite and complex figure depicting
all prelease 3D seismic activity during the period 1993-2001 is provided in Figure D-12.

Note: Tabular data presented in Table D-3 represent prelease survey activity levels only; data are
unavailable for postlease surveys or other surveys (e.g., pipeline rights of way, scientific research).
Further, it is important to recognize that projections (beyond 2003) are only approximations based on the
remaining unsurveyed blocks (900) and the projection of a 14-year resurvey cycle. While Table D-3
projects activity out to 2015, there is no historical basis or implied significance to this endpoint.

The activity levels realized in the Gulf in recent years (i.e., 1995-2003) are expected to produce a
corresponding increase in resurveying activities on a l4-year cycle, assuming other factors remain
relatively unchanged. It is apparent from this analysis that a) several factors strongly influence survey
activity levels (i.e., projections are only approximations), and b) there is a “general trend” or “cycle”
evident, based on remaining unsurveyed blocks and projected resurvey activity tied to an approximate
14-year timeframe. Further, it is unknown how many new, unsurveyed blocks may be identified in the
near future (e.g., from future lease sales and leasing activity).

One factor that cannot be easily integrated into these projections is the geology of specific areas of
interest. For example, MMS notes that the area seaward of the Sigsbee Escarpment (i.e., Lund and Lund
South in the Central Gulf of Mexico Planning Area) contains only a few deeply buried prospects. For the
near term in this area, 3D surveys will probably be of limited areal extent and may result in additional
blocks being surveyed for the second and third time sooner. Areas such as Mississippi Canyon and
northern Atwater, where drilling activity has been high during recent years, contain some blocks that have
been surveyed three times during the period 1993 through 2003.

Using data for the period 1994 to 1999, “crew efficiency” was also calculated by dividing the
number of 3D crews by the number of blocks surveyed. Crew efficiency varied from 0.004 crews per
block to 0.009 crews per block, with a median value of 0.009 (see Table D-3). Assuming 0.009 crew
efficiency and multiplying by the total number of blocks estimated to be surveyed from 2003 on, the
number of active 3D crews is predicted to range from 8 to 53. Dellagiarino et al. (1998, 2000, 2001)
indicated that the percentage of 3D surveys (relative to all geophysical surveys permitted by the MMS
since 1993) has ranged from a low of 40% (in 1998) to a high of 54% (in 1993). MMS notes that 2D
permitting activity has remained relatively static over the past several years. The number of 2D crews is
assumed to remain constant at eight crews in the foreseeable future. The resulting predictions for total
crew and 3D crew activity are listed in Table D-3.

In addition to the 2D or 3D seismic surveys (prevalent in the Gulf of Mexico) are the VSP
surveys conducted on a much smaller geographic scale (e.g., within a single lease block). Seismic
sources used during a VSP survey are the same as those used in conventional seismic surveys. For
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PRE 1990 2-D SEISMIC DATA COVERAGE *

* Seismic data coverage in water depths <200 m in the Western Gulf of Mexico
Planning Area and most of the Central Gulf of Mexico Planning Area was
nearly 100% and is not reflected in this figure.
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Figure D-7. Prelease 2D seismic survey activity in the Gulf of Mexico, pre-1990.
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1990 TO PRESENT 2-D SEISMIC DATA COVERAGE *

* Seismic data coverage in water depths <200 m in the Western Gulf of

Mexico Planning Area and most of the Central Gulf of Mexico Planning Area
was nearly 100% and is not reflected in this figure.
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Figure D-8. Prelease 2D seismic survey activity in the Gulf of Mexico, 1990 to Present.
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Figure D-9. Prelease 3D seismic survey activity in the Gulf of Mexico, 1993-1995.
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Figure D-10. Prelease 3D seismic survey activity in the Gulf of Mexico, 1996-1998.
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Figure D-11. Prelease 3D seismic survey activity in the Gulf of Mexico, 1999-2001.
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Figure D-12. Prelease 3D seismic survey activity in the Gulf of Mexico, 1993-2001 (composite).
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example, zero offset surveys (i.e., also known as check shot surveys) utilize a small volume single airgun
suspended by a crane located on the deck of the drilling rig. Walk-away surveys utilize a work boat
equipped with four to eight airguns, while 3D VSP surveys use the same airgun arrays as used for
conventional 2D and 3D seismic surveys. Check shot surveys are the most common type of borehole
seismic survey conducted in the Gulf of Mexico. Figures D-13 through D-15 indicate check shot survey
activity in the Gulf of Mexico for the periods 1993-1995, 1996-1998, and 1999-2001, respectively.
Comparisons of 2D and 3D surveys with check shot survey activity levels can only be made with
appropriate caveats, given the inherent differences in survey characteristics. Specifically, the frequency
of airgun firing, geographic distribution of survey activity, and duration of survey operations are
considerably different in check shot surveys than those characteristic of 2D and 3D seismic surveys, as
discussed previously (see Section I.A.7 - Vertical Seismic Profile Surveys of this appendix). It is
evident, however, that check shot survey activity in recent years has followed the general trend evident in
the region's exploration and development sectors - increasing movement into deeper waters of the Gulf.
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Figure D-13. Check shot survey activity in the Gulf of Mexico, 1993-1995.
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Figure D-14. Check shot survey activity in the Gulf of Mexico, 1996-1998.
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Alternatives Considered but Not Analyzed, Existing and Proposed
Mitigation Measures, and Potential Operational Restrictions

This appendix 1) describes the alternatives considered during the analysis but not analyzed, and
2) summarizes existing mitigation measures (e.g., permit requirements, lease stipulations, other protective
measures) and evaluates additional mitigation measures and potential operational restrictions that may
reduce or eliminate impacts associated with geological and geophysical (G&G) operations. Alternatives
discussed below were not considered to be viable alternatives, primarily because they failed to meet the
purpose and need (see Section I.B - Purpose and Need and Section II - Alternatives of the
Programmatic Environmental Assessment [PEA]). The discussion of mitigation measures was intended
to identify current protective measures, to characterize potentially applicable mitigation measures for
G&G operations, and to evaluate their feasibility to G&G operations in the Gulf of Mexico (GOM).

I. ALTERNATIVES CONSIDERED BUT NOT ANALYZED

A. REPLACE SEISMIC SURVEYS WITH PASSIVE SEISMIC AND/OR SLIM-HOLE
DRILLING

In this alternative, seismic operations would be prohibited. The purpose of this alternative is to
eliminate environmental impacts associated with airgun noise from seismic surveys. Impacts of seismic
survey noise on marine mammals are the principal environmental issue associated with G&G activities.
To meet the underlying need for accurate data on location and extent of hydrocarbon resources, the
industry would have to rely on other approaches such as passive seismic and/or slim-hole drilling.

1.  Description of Additional G&G Techniques
a.  Slim-Hole Drilling

Slim-hole drilling is a technology that has been used on land but not in a marine setting. This
technology uses a smaller-than-normal drill stem (i.e., hole sizes <12 inches) and takes many more core
samples. Since the drill stem is so small, blowout prevention is a severe problem. Usually areas where
abnormal pressures are expected are avoided in order to avoid blowout problems. The idea is to drill a
stratigraphic test and not to encounter hydrocarbons. The information from the cores and the wire line
logs is correlated from hole to hole, and subsurface maps are drawn from these data. The size of trap is a
direct function of the grid size of the stratigraphic tests. Each exploration company would have to decide
for themselves the exploration grid size.

In a marine setting, the drilling apparatus would be either ship-mounted, with facilities similar to
those of the Ocean Drilling Program, or rig-mounted.

b. Passive Seismic

Passive seismic is a rarely used exploration technique employed in land exploration where other
technologies fail. The approach uses earthquakes as its seismic source. Detectors with recorders set to
detect the first arrivals of distant earthquakes are placed on the surface to be explored. Iterative use of
Marquardt’s method on earthquake travel times has been used to estimate seismic velocities (Hawley et
al., 1981). Passive seismic data can be jointly interpreted with gravity data, using Birch’s Law to provide
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more accurate information. The resulting information outlines bodies of constant velocity or constant
density. Salt bodies in the GOM would be a good example.

In a marine setting, detectors with seismic recorders would have to be placed on the seafloor
(probably in a grid similar to vertical cable surveys) and left there for some time. After a sufficient
number of earthquakes have been detected, the instrument packages would be recovered and the data
interpreted. A technique presently in early development is to record seismic events with bottom cables or
in boreholes from microearthquakes that result from active hydrofracturing or injection of fluids in the
subbottom during oil and gas development and production. Other passive sources include drilling related
(seismic-while-drilling) and other manmade noise (Stephen, 2000; Maxwell and Urbanck, 2001).

2.  Mitigation Measures Included

Existing mitigation measures (protective measures routinely specified in permit requirements and
lease stipulations; Notice to Lessees and Operators [NTL] requirements) described previously for the
Proposed Action also would be included in this alternative.

3.  Evaluation Relative to Purpose and Need

At this time, neither passive seismic nor slim-hole drilling are viable alternatives to conventional
seismic exploration. Passive seismic is a low-resolution technique, and in a mature province like the
GOM, would not be able to detect the small features now being drilled. The passive seismic method
needs much more development work before it is a viable alternative. Slim-hole drilling suffers from a
lack of application because seismic survey techniques are so reliable and highly developed. Much
research would have to be done before this technique is proved feasible for GOM exploration. In
addition, extensive new drilling programs would raise environmental issues similar to those for current
drilling programs (e.g., drilling mud and cuttings discharges) with the addition of increased potential for
blowouts due to lack of blowout preventer technology applicable to this method. Slim-hole drilling
essentially involves drilling deep stratigraphic test holes, which currently require preparation of an EA
due to the potential for environmental impacts.

Under this alternative, the remaining 900 blocks in the Western and Central Planning Areas that
have not been surveyed using 3D seismic techniques would not be surveyed, although existing seismic
data previously collected on speculation could be analyzed. Blocks with previous 3D surveys would not
be resurveyed using more sophisticated technology. An undetermined number of postlease seismic
surveys, currently conducted annually to support optimal management of producing fields, would no
longer occur. Disallowing seismic surveys would slow outer continental shelf (OCS) exploration and
development.

In conclusion, this alternative would not meet the purpose and need specified in PEA Section 1.B
- Purpose and Need. It would not provide the oil and gas industry with sufficiently accurate data on the
location, extent, and properties of hydrocarbon resources, as well as information on shallow geologic
hazards and seafloor geotechnical properties, in order to explore, develop, produce, and transport
hydrocarbons safely and economically. Therefore, this alternative is not considered further in the PEA.
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II. MITIGATION MEASURES AND OPERATIONAL RESTRICTIONS
A. EXISTING MITIGATION MEASURES

This section identifies mitigation or protective measures already in place as a result of current G&G
permit requirements, including G&G operator compliance with lease stipulations and other protective
measures, as well as applicable NTL requirements. Permit requirements and existing mitigation or
protective measures are included in the Proposed Action.

1. G&G Permit Requirements

Pursuant to 30 CFR 251.4, a permit must be obtained to conduct prelease geological or geophysical
exploration for oil, gas, and sulphur resources. Permits for exploration for other minerals are granted
pursuant to requirements outlined in 30 CFR 280.3. Permit applications must be submitted to the
Minerals Management Service (MMS) in accordance with the requirements outlined in 30 CFR 251.5 and
30 CFR 251.6 and explained further in applicable Letters to Permittees. The Letter to Permittees dated
20 January 1989 specifies forms and maps, stipulations, and special provisions applicable to most permit
activity. The 30 CFR 251 regulations do not apply to G&G activities conducted by, or on behalf of, a
lessee on a leased block. Such G&G activities are governed by 30 CFR 250.201 regulations and by
applicable Notices to Lessees and Operators. Table E-1 identifies the appropriate Federal regulations and
their applicability to select mineral resources and phase of activity.

Table E-1
Federal Regulations Applicable to Prelease and Postlease Activities,
by Mineral Resource of Interest

Regulatory Citation Mineral Resource Activity Phase
30 CFR 250 Oil, gas, and sulphur Postlease (i.e., on-lease)
30 CFR 251 Oil, gas, and sulphur Prelease or off-lease exploration or

scientific research
All minerals exclusive of oil, gas,

30 CFR 280 and sulphur

Prelease (prospecting)

G&G explorations for mineral resources may not be conducted in the OCS without an approved
permit unless such activities are being conducted pursuant to a lease issued or maintained under the OCS
Lands Act. Separate permits must be obtained for either geological or geophysical explorations for
mineral resources.

As noted in the permit requirements, “all geological and geophysical explorations (or scientific
research activities) authorized and conducted on the OCS must be performed in accordance with the OCS
Lands Act, 30 CFR Part 251, and other applicable Federal statutes and regulations, and amendments
thereto.” G&G activities associated with mineral exploration authorized under 30 CFR Part 251 cannot

e interfere with or endanger operations under any lease or right-of-way easement, right-of-use,
scientific notice, or permit issued or maintained pursuant to the OCS Lands Act;

e cause harm or damage to aquatic life, property, or to the marine, coastal, or human
environments;

e cause pollution;

e create hazardous or unsafe conditions;
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e unreasonably interfere with or harm other uses of the area;
e disturb archaeological resources; or
e cause hazardous or unsafe conditions.

G&G operators conducting activities under 30 CFR Part 251 must immediately report to the
Director, MMS, when

e hydrocarbon occurrences are detected;

e environmental hazards are encountered that constitute an imminent threat to human life or
property; or

e activities occur that adversely affect the environment, aquatic life, archaeological resources, or
other uses of the area in which the exploration or scientific research activities are conducted.

Any person conducting shallow or deep stratigraphic test drilling activities under a permit for
mineral exploration or scientific research under 30 CFR Part 251 must use the best available and safest
technologies that the Director, MMS, determines to be economically feasible. Permitted activities
approved for a specified period, including requests for extensions, and activities under a notice may not
exceed 1 year.

2.  Stipulations and Protective Measures

The MMS currently requires oil and gas operators to comply with a series of stipulations and
protective measures during G&G activities. These requirements effectively represent mitigation measures
designed to reduce or eliminate impacts to sensitive resources. Such measures are implemented through
regulations governing prelease and postlease G&G activities. A total of six stipulations apply to prelease
and postlease G&G activities, as well as a series of environmental protective measures incorporated by
reference. Key points consist of the following:

e FExplosives Prohibition: Explosives cannot be used except under written authorization from the
Regional Supervisor.  Further protective measures (including Endangered Species Act
Section 7 consultation with the National Marine Fisheries Service [NMFS]) apply in the event
that explosives are used.

e Protection of the Florida Manatee: Several measures protect Florida manatees from vessel
strikes. These include a separate Endangered Species Act consultation.

o No-Activity Zone at Topographic, Chemosynthetic, and Pinnacle Features: Bottom-disturbing
activities, including buoys, are prohibited within the No-Activity Zones of certain topographic
features, and bottom-disturbing activities are restricted within the “Pinnacle Trend” area of the
northeastern GOM and in OCS blocks containing known chemosynthetic communities.
Bottom-disturbing activities include, but are not limited to, drilling, anchoring, placing seafloor
templates, discharging muds and cuttings, and installing pipelines. Further protections apply
for activities within the Flower Garden Banks National Marine Sanctuary.

e Archaeological Resources: The permittee must report discovery of any archaeological resource
(i.e., shipwreck/prehistoric site) to the MMS and take precautions to protect the resource from
operational activities.
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e Seismic Safety: All pipes, buoys, and other markers used in connection with seismic work must
be properly flagged and lighted according to the navigation rules of the U.S. Army Corps of
Engineers and the U.S. Coast Guard.

e Digital Navigation Data: Digital navigation data must be recorded on tape or other suitable
storage media for seismic reflection surveys.

Additional stipulations not covered in this analysis limit activities as a means of avoiding impacts to
coastal bird species.

3. NTL Requirements

NTL No. 2004-G01 (USDOI, MMS, 2004) requires G&G operators conducting seismic operations
in all Federal waters >200 m deep in the GOM and all Federal waters of the Eastern Planning Area
(regardless of water depth) to 1) employ ramp-up; 2) utilize trained protected species observers; and
3) complete MMS reporting requirements. Ramp-up is to be initiated only during periods of sufficient
visibility when observers are able to scan and clear an area (i.e., impact radius, or exclusion zone) several
hundred meters around seismic operations. Specifically, the NTL requires that visual observers clear the
exclusion zone at and below the sea surface within a r