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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.
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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
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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.



11-26 Alternatives

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.
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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 spec